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Abstract

Aim: Computed tomography (CT) hypoperfusion complex is observed in the imaging findings of intra-abdominal organs and vascular structures during
shock and hypoperfusion. The aim is to examine the frequency of CT hypoperfusion complex and etiologic factors by retrospectively analyzing the CT per-
formed on patients admitted to emergency departments.

Materials and Methods: In our study, 930 abdomen and thorax tomographies were obtained from the patients admitted to our emergency department
during a 1-year period. All CT scans were performed by using a 640-slice tomography device. The CT criteria for hypoperfusion complex included the
small-caliber aorta and inferior vena cava (IVC), hyperdense bowel wall, surrenal enhancement, hypoperfused liver, spleen, and hyperdense kidney.

Results: Our study revealed the presence of CT hypoperfusion complex in at least 1 of 15 patients (0.16%). We detected low-calibrated abdominal aorta
together with hyperdense adrenal glands in all the CT hypoperfusion complex cases (15 cases, 0.16%). We found the presence of intra-abdominal free fluid
in 13 cases (0.13%), halo sign in IVC in 8 cases (0.08%), hypoperfusion view of the spleen and liver in 5 cases (0.05%), pericholecystic fluid in 3 cases (0.03%),
and sign of renal hyperperfusion (white kidney sign) in 3 cases (0.03%).

Conclusion: Our study showed that low-calibrated abdominal aorta and hyperdense adrenal glands were present in each patient showing CT hypoperfu-

sion complex, and the assessment of these two structures is very important before the setting-in of irreversible shock.
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Introduction

Computed tomography (CT) hypoperfusion complex is seen
particularly in intra-abdominal organs and vascular structures as a
result of shock and hypoperfusion (1-10). It was first defined in pedi-
atric patients with multiple traumas by Taylor et al. (1). Besides trau-
ma, it can also be observed during sepsis, diabetic ketoacidosis, and
myocardial infarction (M) (2). Since cardiac output and arterial pres-
sure can be sustained in the compensatory phase of shock, blood
pressure and pulse parameters alone may be insufficient to explain
the patient’s state. The evaluation of imaging findings is of great im-
portance in such circumstances. In this article, we aimed to examine
the frequency of CT hypoperfusion complex and etiologic factors
by retrospectively analyzing the abdomen and thorax tomographies
performed on patients admitted to emergency departments for var-
ious reasons between 2014 and 2015.

Materials and Methods

Patients’ population

In our study, we retrospectively evaluated 930 abdomen and
thorax tomographies obtained from patients admitted to our emer-
gency department for various reasons between October 2014 and
October 2015.

CT imaging

All these patients underwent abdomen and/or thorax tomogra-
phy by means of 640-slice CT (Aquilion ONE ViSION, Toshiba, Japan).
Approximately 100 cc of iodinated contrast media (3.5 cc/s) was in-
jected into the patients from the left antecubital region by means
of auto-injectors. Portal-phase scan was performed for patients un-
dergoing abdominal tomography, and arterial-phase scan was per-
formed for patients undergoing abdominal thorax tomography.

Correspondence to: ihsan Yiice

Received: 09.05.2016 Accepted: 10.06.2016

DOI: 10.5152/eajem.2016.32932

e-mail: drihsanyy@gmail.com

©Copyright 2016 by Emergency Physicians Association of Turkey - Available online at www.eajem.com



Eurasian J Emerg Med 2016; 15: 136-8

Yiice .
Assessment of Computed Tomography Hypoperfusion Complex

137

Figure 1. Hyperdense adrenal glands are seen in axial CT image
(arrows)
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Figure 2. Low-calibrated abdominal aorta is seen in axial CT image.
It must be less than 13 mm in measurements performed 2 cm below
and above the renal arteries (3)

CT evaluation

For the diagnosis of low-calibrated abdominal aorta, the diame-
ter measurements of the abdominal aorta of the renal arteries 2 cm
below and above were considered to be the diagnostic criteria (3). For
low-calibrated IVC, the average was calculated by measuring 3 differ-
ent regions of the intrahepatic vena cava: measurements less than 9
mm were considered to be the diagnostic criteria (3). For hyperdense
adrenal glands, the state of being equal or hyperdense when compared
to peripheral vascular structures (e.g., IVC) and holding more contrast
than the spleen and liver were considered to be the diagnostic criteria
(3). For the diagnosis of shock kidney, extended and contrast kidneys
were considered to be the diagnostic criteria. For hypoperfused spleen
and liver, an increase in the heterogeneous area (perfusion defects)
when compared to normal parenchyma was considered to be the di-
agnostic criterion. All CT images were evaluated by a radiologist with 8
years of experience in emergency radiology (IY).

Results

In our study, 930 abdominal and thorax tomographies of pedi-
atric and adult patients were evaluated. In these, 544 patients were
male (58%) and 386 patients were female (41%). The mean age of the
patients was 32+5.3 years. We found the presence of CT hypoperfu-

Figure 3. Perfusion defects in the liver and spleen are seen in axial
CT image (stars)

Figure 4. Pericholecystic fluid is seen in axial CT image (star)

’

sion complex in at least 1 of 15 patients (0.16%). All of these patients
vital signs were stable (they might have been in the compensatory
phase of shock). Further, out of the 15 patients, 12 patients suffered
from multiple traumas (0.12%), 2 patients were in the post-oper-
ative stage (0.02%), and 1 patient (0.01%) suffered from sepsis. We
observed low-calibrated abdominal aorta together with hyperdense
adrenal glands (15 cases, 0.16%) (Figure 1, 2) in all the patients with
CT hypoperfusion complex. We detected intra-abdominal free fluid
in 13 cases (0.13%), halo sign in the IVC in 8 cases (0.08%), hypoper-
fused spleen and liver in 5 cases (0.05%) (Figure 3), pericholecystic
fluid in 3 cases (0.03%) (Figure 4), and sign of renal hyperperfusion
(white kidney sign) in 3 cases (0.03%) (Figure 5). Apart from this,
low-calibrated thoracic aorta and collapsed heart appearance ob-
served in thorax-related results were present in 5 cases (0.05%). On
the other hand, 1 patient died because of septic shock. Other pa-
tients recovered fully after a 3-month follow up.

Discussion

Computed tomography hypoperfusion complex is a set of tomo-
graphic results that was defined by Taylor et al. (1) for the first time in
1987. Basically, it is the definition of hypoperfusion results seen in ab-
dominal and, sometimes, thoracic structures as a result of circulation
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Figure 5. White kidney sign is seen in axial CT image (stars)

guidance from splanchnic circulation to vital organs due to the activa-
tion of the sympathetic system post-shock (hypovolemia). At the same
time, CT hypoperfusion complex was found to be associated with poor
prognosis (3). However, it is known that emergency physicians and
even radiologists have difficulties in defining these findings.

There are three basic stages of shock: compensatory, decompensa-
tory, and irreversible. Arterial pressure, in particular, can be maintained
in the compensatory phase, and monitoring of only the vital signs is
not enough to explain the patient’s state. In abdominal tomography
performed at this stage, the presence of CT hypoperfusion complex in
the patient indicates that the patient is in shock and there must be an
appropriate treatment for this exigency. At the same time, understand-
ing the signs of CT hypoperfusion prevents confusion with pathologies
that can enter the differential diagnosis, including ileus, gallbladder
perforation, mesenteric ischemia, portal venous thrombosis, and DIC.

The signs of CT hypoperfusion complex can be divided into two:
vascular and non-vascular. Low-calibrated abdominal aorta, IVC, and
mesenteric arteries can be categorized as vascular signs. Dilated and
edematous bowel loops, hyperdense adrenal glands, shock kidney,
shock pancreas, free fluids in the abdomen, splenic and hepatic
perfusion deficits, and pericholecystic fluid can be categorized as
non-vascular signs. Apart from these findings about the abdomen,
low-calibrated thoracic aorta and loss of volume in cardiac chambers
(in extreme cases) can also be considered.

Certainly, some measurements are also needed to be made for the
evaluation of these signs. For instance, the following can be considered
to be diagnostic criteria: (A) in the diagnosis of low-calibrated abdomi-
nal aorta, the abdominal aorta diameter of the renal arteries 2 cm below
and above is less than 13 mm; (B) with regard to low-calibrated IVC, the
IVC diameter is less than 9 mm in the measurements made from 3 differ-
ent regions of the intrahepatic vena cava; (C) in the case of hyperdense
adrenal glands, the state of being equal or hyperdense when compared
to peripheral vascular structures (e.g., IVC) and holding more contrast
than the spleen and liver; (D) in the case of shock kidney diagnosis, ex-
tended and significantly more hyperdense kidneys; and (E) in the case
of hypoperfused spleen and liver, increase in the heterogeneous area
(perfusion defects) when compared to normal parenchyma (3).

In our study, we emphasize the observation of hyperdense ad-
renal glands and low-calibrated abdominal aorta signs in all patients
whose imaging reveals CT hypoperfusion complex (sensitivity: 100%;
specificity: 100%). Therefore, the observation of hyperdense adrenal
glands together with low-calibrated abdominal aorta in portal-phase
abdominal tomography (early portal phase is used to observe the ar-
teries) obtained from patients suspected to be in the compensatory
phase of shock can confirm that the patient is in shock. Emergency

physicians should be alert during this phase of shock. It has been as-
sumed that the above is caused by hypovolemia, and the appropriate
treatment is supportive therapy rather than surgical intervention.

The incidence of complex CT hypoperfusion has been reported
differently in several studies. However, CT hypoperfusion complex
occurs at a higher rate in post-traumatic patients. In our study, 12 out
of the 15 cases with CT findings consisted of post-traumatic cases.
In a study conducted on post-traumatic cases by Ryan et al. (3), CT
hypoperfusion complex was seen in 27 out of 498 patients (5.5%).
Again, CT findings in a pediatric group with blunt abdominal trauma
were evaluated by Taylor et al. (1), and they reported the incidence as
0.01%. In our study, this incidence is 0.16%.

Conclusion

Computed tomography hypoperfusion complex is a set of imag-
ing signs that is even difficult for radiologists to identify. However, if
identified, it can lead to appropriate treatment along with diagnosis
even in patients in the compensatory phase of shock. In addition, the
observation of hyperdense adrenal glands together with low-cali-
brated abdominal aorta in abdominal CT scans can confirm that the
patient is in shock, and we should check at least these two structures
in patients suspected to be in shock.
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