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ABSTRACT

Background In critically ill ICU patients, initial results showed
that opposite enhancement of the adrenal glands (1) and
spleen (1) on portal venous CT scans was associated with in-
creased mortality over the next days to a month, with short-
term mortality being best predicted. The study aimed to vali-
date the adrenal-to-spleen ratio determined in a pilot study
concerning mortality prediction.
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Method 371 portal venous CT scans of 203 ICU patients
(127 men, age: 68.1+ 14.4 years) were included in the retro-
spective analysis. Region-of-interest (ROI)-based Hounsfield
units of the adrenal glands and the spleen and their density
ratio were evaluated. The Matthews correlation coefficient
(MCC) and ROC analysis were used to establish a threshold
for the adrenal-to-spleen ratio regarding mortality within
72 hours of imaging. The quality of the classification of survi-
vors and deceased patients in the current collective based on
the threshold determined in a pilot study and on the current
threshold was determined. The precision-recall curve (PRC)
was used to test the influence of the addition of patients
with low vital risk on the ROC.

Results The current threshold of 1.37 for the adrenal-to-
spleen ratio provides good discriminatory power between
those who died and those who survived (MCC: 0.87; sensitiv-
ity: 83.7 %; specificity: 99.1%; PPV: 93.2%; NPV: 97.6 %) and
differs only slightly from the threshold of 1.41 determined in
the pilot study, which consequently has comparable discrimi-
natory power.

Conclusion As a reproducible image-based prognostic mark-
er, the portal venous adrenal-to-spleen ratio has a high pre-
dictive power for short-term death in ICU patients. It is, there-
fore, suitable as an indicator of high risk of death within
72 hours after imaging.

Key Points:

= In cases of shock, CT perfusion changes of the abdominal
organs can be observed.

= These changes are summarized under the term CT hypo-
perfusion complex.

= Organ enhancement ratios allow conclusions about the
patient’s short-term survival.

= The portal venous adrenal-to-spleen ratio is a sufficient
prognostic mortality parameter.
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ZUSAMMENFASSUNG

Hintergrund Bei vital bedrohten Intensivpatienten zeigten
erste Ergebnisse, dass ein kontrares Kontrastmittelverhalten
von Nebennieren (1) und Milz () in der portalvenésen CT
mit einer erhohten Mortalitat in den folgenden Tagen bis zu
einem Monat assoziiert ist, wobei die kurzfristige Mortalitat
am besten vorhergesagt wurde. Ziel der Studie ist die Validie-
rung des in einer Pilotstudie bestimmten Nebennieren-Milz-
Dichteverhdltnisses beziiglich der Mortalitatsvorhersage.

Methoden 371 portalvenése CT-Scans von 203 Intensivpa-
tienten (127 Manner, Alter: 68,1 £ 14,4 |ahre) wurden in die
retrospektive Analyse eingeschlossen. Ausgewertet wurden
die Region-of-interest (ROI)-basierten Hounsfield-Einheiten
von Nebennieren, Milz sowie deren Verhdltnis. Mit dem Mat-
thews-Korrelationskoeffizienten (MCC) und der ROC-Analyse
wurde ein Schwellenwert fiir das Nebennieren-Milz-Verhdltnis
beziiglich der 72-Stunden-Mortalitdt bestimmt. Die Klassifika-

tionsgiite beziiglich Uberlebenden und Versterbenden wurde
am aktuellen Kollektiv fiir den in einer Pilotstudie ermittelten
sowie dem aktuellen Schwellenwert bestimmt. Mit der Preci-
sion-Recall-Curve (PRC) wurde der Einfluss von Patienten mit
geringer vitaler Gefdhrdung auf die ROC tiberpriift.
Ergebnisse Der aktuelle Schwellenwert von 1,37 fiir das Ne-
bennieren-Milz-Verhdltnis ergibt eine gute Trennscharfe zwi-
schen Versterbenden und Uberlebenden (MCC: 0,87; Sensiti-
vitat: 83,7 %; Spezifitat: 99,1 %; PPV: 93,2 %; NPV: 97,6 %) und
differiert nur gering vom in der Pilotstudie ermittelten
Schwellenwert von 1,41.

Schlussfolgerung Das portalvenése Nebennieren-Milz-Ver-
héltnis hat als reproduzierbarer bildbasierter prognostischer
Marker eine hohe Vorhersagekraft fiir das kurzfristige Verster-
ben von Intensivpatienten. Er eignet sich daher als Indikator
fur ein hohes Risiko innerhalb von 72 h nach der Bildgebung
zu versterben.

Introduction

The CT hypoperfusion complex [1-5] includes a number of ima-
ging features that can be seen when pronounced hypoperfusion
is present in the case of organ conditions that are usually life-
threatening. At the end of the 1980, the CT hypoperfusion com-
plex was initially described in polytraumatized children. Perfusion
changes in the gastrointestinal tract, pancreas, and spleen were
seen in cases of hypovolemic shock [6]. The clinical signs of shock
are often not reliable. Therefore, particularly in critical patients
without shock symptoms, an image-based morphological indica-
tor promised information about a decrease in a patient’s overall
hemodynamic condition and radiological identification of “pa-
tients at risk”. Consequently, individual studies on ICU patients ex-
amining the classic “flat cava” sign of the vena cava [7] as well as
additional organs were published. In 2020, Elst et al. stated that,
even though it has been a long time since the sign was initially ob-
served, there is still no consensus on the frequency or clinical rele-
vance of this sign [8]. Reduced enhancement of the spleen [9], in-
creased enhancement of the adrenal glands [10], and increased
enhancement of the aorta [11, 12] are often seen in the CT hypo-
perfusion complex. Qualitative descriptions are based on ROI shy;
(region of interest)-based analyses of the enhancement pattern of
individual organs or measurements of organ and vascular diame-
ters resulting in an elevated mortality risk in the group compari-
son. Arbitrary thresholds [13, 14] were used for classification pur-
poses and allowed statements regarding individual risk to a
limited degree [14].

The study presented here focuses on intensive care patients. In
the clinical routine in radiology, we noticed hyperdense adrenal
glands on contrast-enhanced CT in many of these patients with
some of these patients dying in the following days. As a result of
the different approaches used in previous studies regarding the
selection of contrast phases and organs, we decided to perform a

systematic comparison of enhancement patterns in the arterial
and portal venous phases on the basis of ROI-based measure-
ments [15, 16]. We focused on the adrenal glands, the spleen,
and the large abdominal vessels. In ROC (receiver operating char-
acteristics) analyses, the portal venous contrast phase showed the
greatest relationship between organ density values and mortality.
In this phase organ densities already have a substantial predictive
value regarding the risk of death within the first three days after
imaging [15]. However, the quality of the prediction increases sig-
nificantly when the organ density values are viewed in relation to
one another or to the large abdominal vessels [16]. In a pilot study
including 133 patients, the most significant parameter for short-
term mortality prediction in critically ill patients was the adrenal-
to-spleen ratio. If the threshold of 1.41 was exceeded, the prob-
ability of death was high [16] with the best prediction results
being achieved regarding mortality within 72 hours of imaging.

The organ parameters could be easily and quickly measured
and could also be effectively reproduced. Therefore, the adrenal-
to-spleen ratio seemed to be a suitable image-based screening in-
strument for the identification of short-term life-threatening con-
ditions in critically ill patients. However, this predictor has not yet
been examined with respect to stability in a large and different
study cohort. That was the goal of the present study. In the new
cohort, any reason for imaging was taken into consideration to
thus recruit a representative group of intensive care patients
needing radiological imaging. The goal was to examine whether
the threshold calculated in the pilot study from the adrenal-to-
spleen ratio also allows good discrimination between deceased
patients and survivors in the new cohort. We also examined
whether the new threshold calculated based on the new cohort
differed significantly from the threshold calculated in the pilot
study and if there was a relevant difference in the prediction qual-
ity of the two thresholds regarding short-term survival.
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Intensivpatienten mit portalvendser CT im Zeitraum von
Juni 2020 bis August 2020 (n=310)

Ausschluss———

Pathologien der Milz und der Nebennieren:
+ Stenose des Truncus coeliacus (n=13)
« Splenektomie (n=43)
+ Blutung aus der Milzarterie (n=1)
+ Zustand nach Coiling der Milzarterie (n=11)
+ Inzidentalom (n=7)

Inkompletter Scan / Artefakte:

* Unzureichende Scanlénge (n=17)
+ Artefakte (n=6)

A hluss

\

Fehlende Dokumentation:

*» Fehlende Dokumentation (n=2)

Y

Einschluss: Intensivpatienten (n=203)

\i

Abbruch lebenserhaltender Mainahmen (n=7)

Grinde fur CT-Untersuchungen (n=371; n/t):

+ Postoperative Komplikationen (128/3)

+ Septisches Multiorganversagen (57/23)

+ Fieber unklarer Herkunft (42/0)

» Sepsis (30/7)

+ Hamorrhagischer Schock (28/6)

+ Aortendissektion (18/0)

« Polytrauma (18/2)

+ Mesenteriale Ischamie (13/3)

+ Perforation eines Hohlorgans (8/0)

* lleus (8/0)

+ Kardiogener Schock (5/3)

« Aortenruptur (4/0)

+ Reanimation (3/0)

+ Leberversagen (2/1)

+ Nekrotisierende Pankreatitis (2/1)

+ Akutes Atemnotsyndrom (ARDS) (1/0)

+ Morbus embolicus (1/0)

+ Granulomatose mit Polyangiitis (GPA) (1/0)
+ Obere Einflussstauung (1/0)

* Symptomatisches Aortenaneurysma (1/0)

> Fig. 1 Study flowchart with numbers/reasons of included/excluded patients. t=number of deceased patients.

Materials and Methods

Patients and study design

The ethics committee approved the retrospective study
(EK 414092 019). We searched the radiology information system
(RIS) at our facility for intensive care patients who underwent
contrast-enhanced CT of the abdomen in the portal venous phase
between June and August 2020. Patients with pathologies of the
spleen and adrenal glands, a lack of documentation, and death
due to termination of life-sustaining measures were excluded.

1252

290 intensive care patients underwent an abdominal CT scan.
371 CT scans of 203 intensive care patients (127 men, age:
68.1 % 14.4 years old) met the inclusion criteria (> Fig. 1).

CT image acquisition and post-processing

The patients were examined with a 128- or 192-slice scanner
(Somatom Definition AS or Edge and Force, Siemens, Forchheim,
Germany). All examinations were performed with 110kV and au-
tomatic tube current modulation (CAREDose 4D, Siemens). The
contrast agent was administered by injecting 1 ml/kg body weight
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» Table 1 Two-sample t-test results (equal sample variance)/Welch’s t-test (unequal sample variance) for 24-, 48- and 72-hour mortality.

Survivors vs. Deceased patients Adrenal glands (HU)

84.95+24.96 vs.
113.60+34.42
(Welch’s t-Test; p=0.0016)

83.72+22.88 vs.
109.70 +38.86
(Welch’s t-Test; p=0.0002)

82.92+22.49 vs.
108.52 +35.95
(Welch’s t-Test; p<0.0001)

24-hour mortality

48-hour mortality

72-hour mortality

of a non-ionic iodized contrast agent (Ultravist 370 mg/kg, Bayer
Schering Pharma, Berlin, Germany or Solutrast 370 mg/kg, Bracco
Imaging Germany GmbH, Constance, Germany) with a flow rate
of 3-4ml/s, followed by 50 ml of a saline solution. The portal ve-
nous phase was documented 70 seconds after the start of con-
trast injection and stored in our image archiving and communica-
tion system (IMPAX Agfa HealthCare, Bonn, Germany).

Image evaluation

A radiologist with 4.5 years of experience in abdominal CT eval-
uated the CT examinations. The image data was evaluated on a
PACS workstation (IMPAX Agfa HealthCare, Bonn, Germany). The
contrast enhancement of the adrenal glands and the spleen was
analyzed on images in the portal venous phase in 3-mm slices.
For the quantitative analysis, the Hounsfield units (HU) were de-
termined and averaged preferably in the center of each adrenal
gland based on ROl measurements in axial slices. All measure-
ments were performed using highly magnified images to avoid
adjacent fat. The HU of the spleen was determined by placing
three circular ROIs (2.0 cm?) on three different axial planes
through the cranial, middle, and caudal third of the spleen in the
portal venous phase [9]. Hypodense triangular regions on the per-
iphery of the spleen caused by small splenic infarctions were not
included in the measurement. The averaged HU value was used
for the data analysis. The dimensionless adrenal-to-spleen ratio
was defined by the average HU of the adrenal glands divided by
the average HU of the spleen.

Statistical analysis

The data analysis was performed using MedCalc 19.6.1 (MedCalc
Software bvba, Ostende, Belgium). Characteristics of the study
population were given as means and standard deviations for con-
tinuous variables. After calculation of the adrenal-to-spleen ratio
from the organ density values, the patients were classified based
on the threshold defined in pilot studies for 72-hour (short-term)
mortality. In addition, the corresponding Matthews correlation
coefficients (MCCs) were calculated based on the data points and
the assigned binary confusion matrices of the current ROC curve

Spleen (HU) Adrenal-to-spleen ratio

90.79£29.42 vs. 54.61 1.00£0.50 vs.
+20.71 2.58+1.47
(t-Test; p<0.0001) (Welch’s t-Test; p=0.0001)

93.07 £28.00 vs. 0.94+0.36 vs.

57.48 +26.70 2.34+£1.29

(t-Test; p<0.0001) (Welch’s t-Test; p<0.0001)
94.47 £27.23 vs. 57.03 0.89+0.16 vs.

+25.65 2.32+1.24
(t-Test; p<0.0001) (Welch’s t-Test; p<0.0001)

for the 72-hour mortality, and the current threshold for the adre-
nal-to-spleen ratio, the area under the curve (AUC), sensitivity,
specificity, positive predictive value (PPV), and negative predictive
value (NPV), as well as the positive and negative likelihood ratios
were calculated for the maximum MCC[17]. The MCC was used as
the maximization criterion in both the pilot study and the current
study since a predictor reaches a high MCC in both balanced and
unbalanced datasets when it correctly classifies most cases under
consideration of all categories of the confusion matrix [18, 19].
The area under the precision-recall curve (PRC) was additionally
calculated. The PRC as a performance metric should take into ac-
count the influence of the inclusion of survivors with an adrenal-
to-spleen ratio below the threshold in the new cohort and the re-
sulting potentially relevant increase in the imbalance between de-
ceased patients and survivors. As a result of the increase in speci-
ficity, this can result in an ROC curve with an increased area under
the ROC curve and thus a presumably better test result. The posi-
tive predictive value (= precision) addressed solely in the PRC is
important for evaluating whether patients with an adrenal-to-
spleen ratio above the threshold actually died. Only an improve-
ment in the PRC indicated an actual improvement in test perform-
ance. The ROC, PRC, relative chance, and relative risk are shown
for the best mortality prediction [20, 21]. Statistical significance
was defined as p<0.05.

Results

Patient outcome

20 intensive care patients (9.9 %) died within the first 24 hours,
38 patients (18.7 %) within 48 hours, and 49 patients (24.1 %)
within 72 hours of imaging. For all time intervals, there was a sig-
nificant difference in the group comparison between patients
who died and patients who survived for the density of the spleen
and adrenal glands as well as the adrenal-to-spleen ratio, with the
group of survivors on average having an adrenal-to-spleen ratio of
less than or equal to 1 while those who died had a value of approx.
2.4-2.6 (> Table 1, » Fig.2).
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» Fig.2 a Initial abdominal portal venous CT scan of a 53-year-old
patient after gastrectomy. The white arrow points to the adrenal
gland (averaged adrenal density values: = 72); the white circle lies in
the spleen (averaged spleen density values: = 72; adrenal-to-spleen
ratio: = 1). The patient survived the 72 hours following imaging.

b Repeated abdominal portal venous CT scan of the same patient at
a later time point due to vital endangerment. The white arrow
points to the adrenal gland (averaged adrenal density values: =
107); the white circle lies in the spleen (averaged spleen density
values: = 24; adrenal-to-spleen ratio: = 4.46). The patient died of
septic multiorgan failure within the next 72 hours.

Validation of the prediction quality of the ROC-based
adrenal-to-spleen ratio threshold determined in the
pilot study regarding the 72-hour mortality prediction

Using the threshold for the adrenal-to-spleen ratio determined in
the pilot study (1.41) to classify the data resulted in 96 % of
intensive care patients (=accuracy) being classified correctly in
the confusion matrix with regard to adrenal-to-spleen ratio
over or under the threshold as well survival or death within
72 hours of imaging (sensitivity =81.63 %, specificity=99.07 %,
PPV=93.00%, NPV=97.30%, +L=87.62, -L=0.19). As in the pilot
study, the adrenal-to-spleen ratio provided good discriminatory
power for mortality prediction (AUC=0.97) with a high sensitivity
and specificity. At a threshold of 1.41, 13 of 371 datasets were
classified incorrectly (false positive: 3, false negative: 10).

Accuracy of current ROC-based organ thresholds for
the adrenal gland and spleen regarding 72-hour
mortality prediction

With a low MCC and a very low sensitivity, the adrenal gland
threshold on its own is not suitable as a prognostic factor
(» Table 2). In general, the spleen has significantly better values
for the individual predictive parameters but has insufficient sensi-
tivity.

Accuracy of the current ROC-based adrenal-to-spleen
ratio threshold regarding 72-hour mortality prediction

The adrenal-to-spleen ratio threshold determined based on the
current cohort (1.37) deviates only minimally from the threshold
determined in the pilot study and has a slightly higher sensitivity
of 83.67 % (95 % Cl: 70.3-92.7) and an identical specificity of
99.07 % (95 % Cl: 97.3-99.8) for the risk of death within the first
3 days after imaging (AUC=0.97, p<0.0001, MCC=0.87)
(» Fig. 3, » Table 2).

The positive likelihood quotient was 89.55 (95 % Cl: 28.9-
278.9), the negative likelihood quotient was 0.16 (95 % Cl: 0.09-
0.3) with a resulting post-test probability of approximately 93 %
with a pretest probability of 24.1 % (72-hour mortality). The rela-
tive chance was 544.95 (95 % Cl: 139.01-2136.45); the relative
risk was 38.09 (95 % Cl: 19.12-75.87).

At a threshold of 1.37, 11 of 371 datasets were classified incor-
rectly (false positive: 3, false negative: 8).

PRC analysis for 72-hour mortality

Using an adrenal-to-spleen ratio threshold of 1.37, the PRC
showed (» Fig.4) a high sensitivity and a high PPV
(PRAUC =0.922) with a correct prediction rate of 93.2 %.

Discussion

The goal of the study was to evaluate the suitability of the adre-
nal-to-spleen ratio as an image-based screening parameter for
predicting short-term mortality. The prediction quality of the
adrenal-to-spleen ratio threshold determined in the pilot study
and the newly determined adrenal-to-spleen ratio threshold was
determined and compared based on a new cohort of intensive
care patients. In contrast to the cohort in the pilot study with vital
indication and triphasic emergency CT, intensive care patients
without vital endangerment were also included in our study since
an image-based prognostic parameter should be applicable for
every intensive care patient.

Our results show that the thresholds of different cohorts devi-
ate only slightly from one another, and the adrenal-to-spleen ratio
can effectively predict short-term mortality even when including
patients without vital endangerment.

The discrimination between survivors and deceased patients
using the thresholds is highly accurate regardless of whether the
threshold is from our own cohort or a different cohort. Therefore,
the adrenal-to-spleen ratio threshold determined in the study col-
lective (1.37) can identify critically ill patients with a high risk of
death within 3 days of CT examination with high sensitivity
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(83 %) and accuracy (93 %). The threshold determined in the pilot
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» Fig.3 Comparison of ROC curves regarding short-term mortality
prediction: the adrenal-to-spleen ratio is best suited for short-term
mortality prediction (AUC=0.974). The area under the curve as a
measure of diagnostic accuracy is significantly larger for the adre-
nal-to-spleen ratio than for the organ density values of the adrenals
(AAUC=0.244; p<0.0001) and spleen (AAUC=0.104; p=0.0013).

The adrenal-to-spleen ratio takes into consideration the oppo-
site enhancement patterns with decreasing density of the spleen
and increasing density of the adrenal glands. The organ enhance-
ment ratio has excellent discriminatory power for differentiating
between deceased patients and survivors (AUC: 0.97) regarding
the 3-day mortality rate. It can be assumed that a presumable
cause, i. e., the condition of the intensive care patient, and effect,
i. e., the death of the patient, are much more closely related in this
short interval after imaging than at later points in time. The MCC
was selected as a classifier because it is an adequate statistic in un-
balanced datasets with a significantly higher number of patients
who survived than died. The inclusion of patients requiring inten-
sive care but without a vital indication and with low test results, i.
e., in our case a low adrenal-to-spleen ratio, can generally signifi-
cantly improve an ROC curve without increasing the sensitivity or
the positive predictive value of the evaluated parameter. How-
ever, the use of the PRC as a further performance metric resulted
in the adrenal-to-spleen ratio in the current cohort also being
characterized by a good positive predictive value.

CLINICAL RELEVANCE

= In a substantial percentage of intensive care patients, op-
posite enhancement patterns of the adrenal glands and
the spleen can be observed in the portal venous CT phase
and are associated with an increased short-term mortality
rate.

= Quantitative analysis of the adrenal-to-spleen ratio in criti-
cally ill patients provides retrospective information about

100 =
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» Fig.4 Precision-recall curves (PRC) for the adrenal-to-spleen
ratio (PRAUC=0.922). For a threshold of >1.37, the best ratio of
precision (93.2 %) to sensitivity (83.67 %) is obtained.

the mortality and survival risk in the follow-up period since
there is an extremely high risk of death within the next
72 hours if a threshold of approximately 1.4 is exceeded.

= The adrenal-to-spleen ratio can be easily and quickly
determined and can be reliably reproduced.

= This radiological parameter can be used with reliable re-
producibility in prospective studies to identify patients
with an elevated risk of short-term death and can be in-
cluded in therapeutic considerations of intensive care
physicians.
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