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The role of the unenhanced phase in the routine

abdominal computed tomography*
O valor da fase sem contraste na tomografia computadorizada do abdome

Ana Paula Klautau Leite1, Leandro Accardo de Mattos2, Gustavo Alfredo Duarte Henriques

Pinto2, Andrea Puchnick Scaciota3, Rita Maria Aparecida Monteiro Moura Franco4, Cássio

Andreoni5, Henrique Manoel Lederman6, Giuseppe D’Ippolito7

OBJECTIVE: To determine the role of the unenhanced phase of abdominal computed tomography in patients
without a definite diagnosis or undergoing tumor staging. MATERIALS AND METHODS: A prospective and
transversal study was developed with 100 consecutive patients submitted to unenhanced and contrast-
enhanced abdominal computed tomography. Two observers evaluated all the computed tomography images
in the contrast-enhanced phase (first analysis) and, later, in the unenhanced phase (second analysis) in an
attempt to establish the primary and secondary diagnoses as a function of the clinical indication for the study.
The frequency of changes in the diagnoses resulting from a combined analysis of the images in the pre- and
post-contrast phases was evaluated. Cases with changes in the diagnosis were reviewed by clinical specialists
for determining possible changes in the therapeutic approach. RESULTS: Primary and secondary diagnoses
were changed in respectively 1 and 18 cases (p = 1.000; p = 0.143) as follows: steatosis, adrenal nodules,
nephrolithiasis, renal cysts and hepatic calcification. In the cases where the unenhanced phase changed the
diagnosis, the specialists changed the therapeutic approach in 14 of the 19 patients (73%) (p = 0.038).
CONCLUSION: No significant change was observed in the primary or secondary diagnosis as a result of the
findings in the unenhanced phase. However, changes in secondary diagnoses affected the therapeutic approach
adopted by the specialists.
Keywords: Computed tomography; Contrast media; Abdomen.

OBJETIVO: Determinar o valor agregado da fase sem meio de contraste da tomografia computadorizada do
abdome em pacientes sem diagnóstico determinado ou em estadiamento tumoral. MATERIAIS E MÉTODOS:
Estudo prospectivo e transversal em 100 pacientes consecutivos submetidos a tomografia computadorizada
abdominal sem e com meio de contraste intravenoso. Dois examinadores avaliaram todos os exames, pro-
curando estabelecer, através da fase com meio de contraste intravenoso (primeira análise) e posteriormente
através da fase sem contraste (segunda análise), o diagnóstico principal e os secundários em função da
indicação clínica do exame. Mediu-se a freqüência de mudança diagnóstica decorrente da análise combinada
das fases pré- e pós-contraste intravenoso. Casos que tiveram mudança diagnóstica foram avaliados por
especialistas clínicos para determinar se implicaria mudanças de conduta. RESULTADOS: Diagnósticos prin-
cipal e secundário foram modificados em 1 e 18 casos, respectivamente (p = 1,000; p = 0,143). Os diag-
nósticos modificados foram: esteatose, definição de nódulo em adrenal, nefrolitíase, classificação de cistos
renais e calcificação hepática. Nos casos em que a fase sem contraste modificou o diagnóstico, os especialis-
tas mudaram sua conduta em 14/19 (73%) dos pacientes (p = 0,038). CONCLUSÃO: A fase sem contraste
não modificou significativamente o diagnóstico principal ou secundário. Porém, as mudanças nos diagnós-
ticos secundários influenciaram na conduta adotada pelos especialistas.
Unitermos: Tomografia computadorizada; Contraste; Abdome.
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INTRODUCTION

Because of the technological develop-
ments in the area of diagnostic methods,
computed tomography (CT) has increas-
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ingly been utilized in the assessment of ab-
dominal diseases. The advent of multislice
technology resulted in an even higher in-
crease in the utilization of this diagnostic
tool(1,2).

Currently, there is a wide range of spe-
cific protocols utilizing abdominal CT in
the presence of determined clinical suspi-
cions(3–9). On the other hand, there is a con-
siderable group of patients submitted to
abdominal CT scans without a clearly pre-
established diagnostic hypothesis, such as
those presenting with a clinical picture
consisting only of fever of undetermined
etiology or unexplained ponderal loss,
among other specific clinical situations,
and, when submitted to abdominal CT
scan, are assessed by means of a generic
protocol, like those undergoing tumors
staging.

It seems that there is a consensus in the
literature (especially in the North-Ameri-
can one) that the unenhanced phase would
be unnecessary in this group of patients(4,5).
However, in our environment, these pa-
tients are routinely submitted to an
unenhanced phase preceding the intrave-
nous contrast-enhanced phases. The utili-
zation of this protocol has implications
related to radiation dose, images acquisi-
tion time, and x-ray tube power consump-
tion, and it only would be justified if indis-
pensable, supplementary information were
added, affecting the management and prog-
nosis of the patient.

In some clinical circumstances, such as
study of urolithiasis, hepatic steatosis,
hemochromatosis/hemosiderosis or evalu-
ation of renal or adrenal nodules and
masses, the unenhanced phase has demon-
strated an unquestionable usefulness(6,10–

13). In other situations, the validity of this
type of diagnostic approach is still to be
evidenced.

After an extensive literature review, we
could not identify any study evaluating the
value of the unenhanced phase preceding
intravenous contrast-enhanced phases in
abdominal CT scans for patients with an
undefined clinical picture or undergoing
tumors staging/restaging. For this reason,
the authors have decided to evaluate the
role of the unenhanced phase in abdomi-
nal CT scans for these patients.

MATERIALS AND METHODS

In the period between March and June
2007, the authors developed a prospective,
transversal, observational study aimed at
evaluating the added value of the unen-
hanced phase in abdominal CT, with 100
patients (56 men and 44 women) with
mean age of 55.23 ± 15.38 years.

The present study encompassing two
phases was approved by the Committee for
Ethics in Research of Universidade Federal
de São Paulo/Escola Paulista de Medicina,
and developed in the Unit of Computed
Tomography of the Department of Imaging
Diagnosis at Hospital São Paulo.

Phase 1

With the objective of establishing pos-
sible changes in the diagnosis as a result of
findings at abdominal CT with and with-
out the unenhanced phase, 100 consecutive
patients were evaluated.

The inclusion criterion was indication
for unenhanced and contrast-enhanced CT
according to the protocol adopted by the
Unit. Patients with indication for unen-
hanced CT(6) (for example, urolithiasis
study), contraindication to contrast agents,
as well as patients undergoing investigation
for adrenal(12) nodule/mass, renal(10) nod-
ule/mass, hepatic steatosis(11), hemochro-
matosis and hemosiderosis(13) were ex-
cluded, considering the recognized neces-
sity of the unenhanced phase for the diag-
nosis of these diseases.

All the studies were performed in a he-
lical Tomoscan AV CT equipment (Philips
Medical Systems; Best, The Netherlands),
following the study protocol included in
the manual of routine procedures of the
Unit of Computed Tomography at Hospi-
tal São Paulo – Universidade Federal de
São Paulo/Escola Paulista de Medicina
(Unifesp/EPM), São Paulo, SP, Brazil.

Contiguous, axial slices with 3–7 mm
reconstruction interval, pitch ranging be-
tween 1 and 1.5, before and after intrave-
nous injection of hydrosoluble iodinated
contrast agent by means of an infusion
pump in a dose ranging between 1.5 and
2.0 ml/kg at a rate of 3–4 ml/s. After the
contrast injection, images were acquired in
the arterial (corticomedullary), portal (or

nephrographic) and equilibrium (or pyelo-
graphic) phases, depending on the clinical
indication. Oral or rectal administration of
contrast agents was performed as indi-
cated.

All the images were independently ana-
lyzed on an EasyVision workstation
(Philips Medical System; Best, The Neth-
erlands) by two radiologists with two-year
experience in abdominal CT whose analy-
ses were based on the clinical indication,
initially only for the contrast-enhanced
phase (first analysis), and subsequently
combining the findings of both pre- and
post-contrast phases (second analysis).

Previously, the observers had access to
the data included in the requests from the
patients’ doctors and, in the first and sec-
ond analyses, classified the tomographic
diagnoses into primary and secondary ac-
cording to their priority and clinical signifi-
cance for the patient. At the end of each
evaluation, both observers determined if
there was a change in primary and second-
ary diagnoses between the first and second
analyses, i.e., if the interpretation based on
the combined analysis of the unenhanced
and contrast-enhanced phases had affected
the diagnosis, as compared with the analy-
sis only of the contrast-enhanced phase(s).
In cases of disagreement, a third observer
established if there was, or not, a change
in the diagnosis between the first and sec-
ond analyses.

Phase 2

In this phase, only the cases with
changes in the primary and secondary di-
agnoses between the first and second analy-
ses were considered. Two experienced spe-
cialists, with over 10 years of practice, were
selected according to the type of diagnosis
(for example: gastroenterologist and urolo-
gist for indicating the approach to be
adopted in cases of hepatic steatosis and
urolithiasis), and invited to participate in
the study for establishing if these changes
would imply changes in the clinical ap-
proach to these patients.

So, the specialists established an ap-
proach based on clinical/laboratory data
and on the diagnosis originated in the first
tomographic analysis, and subsequently
based on the diagnosis modified (or
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supplemented) by the second tomographic
analysis.

Statistical analysis

Data were tabulated on an Excel XP®

(Microsoft) worksheet and the software
SPSS 11.5 for Windows® (SPSS Inc.; Chi-
cago, USA) was utilized in the data analy-
sis.

The frequency of changes in the primary
and secondary diagnoses was evaluated in
the phase 1 of the present study, upon com-
parison between the first and second analy-
ses.

In the second phase of the study, the
authors measured the frequency of changes
in the clinical approach established by the
specialists based on the tomographic diag-
nosis resulting from the first and second
analyses. The Chi-square test was utilized
for statistical analysis, considering p < 0.05
as statistically significant.

RESULTS

Phase 1

Consensual primary diagnoses achieved
by the radiologists were: acute abdomen
(4%), abdominal neoplasm (65%), inflam-
matory-infectious process (8%), nephroli-
thiasis (2%), adrenal nodule (2%), hepatic
nodule (3%) and others (16%).

Only one (1%) of the 100 patients had
the diagnosis changed after the reading of
the unenhanced phase (second analysis) as
compared with the reading of the contrast-
enhanced phase (first analysis) and with-
out statistical significance (p = 1.000).
This patient, with an operated colon neo-
plasm and undergoing tumor restaging,
presented an adrenal nodule initially con-
sidered as indeterminate that, after the
measurement of the unenhanced density
(second analysis), was diagnosed as an
adenoma (Figure 1).

Eighteen (18%) of the 100 patients had
their secondary diagnosis modified, al-
though without statistical significance (p =
0.143), as follows: steatosis (7%), adrenal
nodule (1%), nephrolithiasis (7%), renal
cysts (2%) and hepatic calcifications with-
out perfusional alterations (1%) (Figures 2,
3, 4 and 5).

Among the cases included in the present
study, the diagnosis could be reached in the
first analysis (i.e., without the necessity of
the contrast-enhanced phase) in nine pa-
tients with steatosis, six with nephrolithi-
asis and one with adrenal adenoma (Figures
6, 7 and 8).

Phase 2

Among the 19 patients who had their
primary (one) or secondary (18) diagnoses
modified in the second analysis, 11 pre-
sented urinary system alterations (for ex-
ample, renal cysts, nephrolithiasis, adrenal

Figure 1. Change in the primary diagnosis for patient undergoing restaging of colon carcinoma. Indeterminate adrenal nodule on the post-contrast phase (b,c)

(relative wash-out < 50%) and with density measurements compatible with adenoma (UH < 10) on the unenhanced phase.

Figure 2. Change in secondary

diagnosis. Hepatic, punctiform

calcification (arrow), with no

associated perfusional alter-

ation, diagnosed only in the

pré-contrast phase.
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sis. In the case of a young patient undergo-
ing tumor restaging without any tomo-
graphic sign of recidivation and with
cholelithiasis identified only on the unen-
hanced phase (Figure 5), the specialist
opted for indicating cholecystectomy. In
the other three patients, the conduct was not
modified because of their primary diagno-
sis and clinical progression.

In two of the 11 patients evaluated by
the urologist, the clinical approach re-
mained unchanged. These two patients pre-
sented adrenal incidentalomas and would
be submitted to laboratory tests, indepen-
dently from the tomographic definition of
the lesion nature. For the other nine patients
(81.8%), seven of them with nephrolithi-
asis and two with renal cysts classified as
Bosniak II and IIF according to the second
analysis, the specialist proposed a treat-
ment for those with renal calculi and
evolutive follow-up for the two patients
with renal cysts.

The utilization of the unenhanced phase

Figure 5. Change in second-

ary diagnosis. Cholelithiasis

(arrow) diagnosed only in the

unenhanced phase of the sec-

ond analysis. Unenhanced

phase (a) and contrast-en-

hanced phase (b).

Figure 4. Change in second-

ary diagnosis. Spontaneously

hyperdense (a) renal cyst at

right, classified as a simple cyst

(Bosniak I) in the first analysis,

and as an atypical cyst (Bos-

niak II) in the second analysis.

adenomas), and eight alterations in the di-
gestive system (for example, steatosis, he-
patic calcification). For this reason, an
urologist and a gastroenterologist were in-
vited for analyzing these cases and defin-
ing the approach to be adopted.

Five (62%) of the eight patients as-
sessed by the gastroenterologist had their
final therapeutic approach modified. In
four patients diagnosed with steatosis only
by the unenhanced phase, the specialist
opted for investigating the cause for steato-

Figure 3. Change in secondary diagnosis. Hepatic steatosis diagnosed only in the pré-contrast phase.
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was statistically significant (p = 0.038) by
the chi-square test applied to the cases
where the conduct was changed.

DISCUSSION

Technological developments incorpo-
rated into CT equipment in the last years,

especially after the advent of the helical
and, most recently, multislice technologies,
have resulted not only in an increase in the
utilization of this diagnostic method, but
also in the complexity of some protocols
for abdominal studies utilizing multiple
contrastation phases(14,15). These multi-
phase protocols reduce the tube lifetime

and increase the amount of radiation ab-
sorbed by the patient(2).

Numberless studies have been devel-
oped, with the most different strategies to
reduce the radiation dose in abdominal CT
studies(16–18). Among these strategies, the
suppression of some of the study phases
seems to be a practical and safe measure,

Figure 8. Unchanged diagno-

sis. Marked steatosis diag-

nosed in the first analysis, at

the contrast-enhanced phase

(b). Unenhanced phase (a).

Figure 7. Unchanged diagno-

sis. In the first analysis, iden-

tification of left adrenal nodule

with relative wash-out > 50%,

compatible with the diagnosis

of adenoma. Portal phase (a)

and delayed phase (b).

Figure 6. Patients with punc-

tiform, non-obstructive neph-

rolithiasis (arrow) identified at

the unenhanced phase (a)

anda t the nephrographic

phase (b), with no change in

the diagnosis between the first

and second analyses.
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provided the diagnostic reliability of the
study is guaranteed(3).

For this reason the present study was
developed, considering that there is no
evidence in the literature that, with the
adoption of a protocol for abdominal CT
without the utilization of the unenhanced
phase, the same diagnostic efficiency is
maintained for patients without a clear di-
agnosis hypothesis or those undergoing
tumor staging or restaging.

In the unit of CT of a university hospi-
tal where the present study was developed,
there are several protocols specifically de-
signed for determined diagnostic suspi-
cions. Among these protocols, the authors
adopted a generic one designed for cases
where there is no defined clinical hypoth-
esis (for example: fever of undetermined
etiology or unexplained ponderal loss) or
requiring tumor staging or restaging. In this
generic protocol, the investigation is di-
vided into three phases: a first, unenhanced
phase, a second, performed 70 seconds
after the contrast injection is initiated (por-
tal phase), and a third phase acquired be-
tween three and five minutes after the con-
trast injection (equilibrium phase). The
present study was aimed at establishing
whether the unenhanced phase was really
necessary in this group or could be sup-
pressed, so reducing the radiation dose
absorbed by the patient and increasing the
x-ray tube lifetime.

The evaluation of the necessity or not of
the unenhanced phase was based on the
frequency of changes in the primary and
secondary diagnoses originated only by the
contrast-enhanced phase (first analysis)
and from the combined analysis of the
unenhanced and contrast-enhanced phases
(second analysis) performed by two inde-
pendent observers. Primary diagnosis was
that either directly related to the clinical
condition or justifying the clinical picture
of the patient. Secondary diagnosis was the
one that had not met the criteria for primary
diagnosis according to the subjective view
of the observers.

For the purposes of the present study,
the sample included patients who did not
present a defined clinical suspicion or di-
agnosis of diseases where the unenhanced
phase was particularly useful, such as uroli-

thiasis, hepatic steatosis, hemochromato-
sis, renal and adrenal nodules which were
considered as exclusion criteria.

The study was developed in two phases
to measure not only the frequency of
changes in diagnoses, but also their impact
on the clinical approach to the patient from
the point of view of the two observers.

The primary diagnosis was changed in
the second analysis in only one of the 100
cases, demonstrating that the unenhanced
phase is not very useful in diagnostic terms.
The patient in question underwent tomo-
graphic examination for a colon neoplasm
staging.

The initial diagnosis (after the first
analysis) indicated only the presence of an
indeterminate adrenal nodule (relative
wash-out < 50%) (Figure 1) and that could
be of secondary nature. The final diagno-
sis (after the second analysis) demonstrated
the presence of an adenoma because of the
low density observed in the unenhanced
phase(12). The other findings were normal
according to both observers and there was
no evidence of metastatic dissemination to
other organs. Despite the significance of
this diagnostic change for the patient’s
prognosis, it is important to take some as-
pects into consideration.

Metastases to the adrenal gland are
common in cases of a variety of primary
neoplasms, among them thyroid, renal,
stomach, colon, pancreatic, esophageal
neoplasms and melanomas. But, although
frequent, many adrenal nodules in cancer
patients are benign. Even among patients
with lung carcinoma, 30% of adrenal nod-
ules are not metastatic(19,20). Additionally,
after a literature review, the authors have
not found any case of patients with colon
carcinoma and single metastasis to the ad-
renal. In these cases, the disease is gener-
ally disseminated to other organs, which
has not been observed in the mentioned
patient.

Amongst the 100 cases evaluated, the
18 patients who had their secondary diag-
noses modified presented steatosis, neph-
rolithiasis, adrenal nodules, renal cysts and
hepatic calcifications without perfusional
alterations. The seven cases of steatosis
presented a mild form of fat infiltration,
with density in the unenhanced phase mea-

suring less than 10 Hounsfield units below
the spleen density(21). It is interesting to
observe that in nine patients with the most
advanced stages of steatosis the diagnosis
could be achieved in the contrast-enhanced
phase (first analysis), and confirmed in the
second analysis.

Two patients presented renal cysts ini-
tially classified as simple (Bosniak I) and
that the unenhanced phase evaluation dem-
onstrated to be cysts without hyperdense
contents or with septa, and reclassified as
Bosniak II or IIF. Type II cysts do not re-
quire follow-up and therefore would not be
responsible for changes in the clinical ap-
proach. On the contrary, cysts classified as
IIF, because of their risk, although a low
risk, of growth and malignization, undergo
follow-up(22).

One patient presented a hepatic puncti-
form calcification, with no associated
perfusional alteration and identified only in
the second analysis. It is important to note
that this type of calcification has no patho-
logical meaning and is frequently found in
asymptomatic patients(23).

One patient had an indeterminate adre-
nal nodule identified in the contrast-en-
hanced phase, and considered as compat-
ible with adenoma because of the level of
density observed in the unenhanced phase
(second analysis). In these cases, when the
contrast-enhanced phase does not allow an
accurate diagnosis, it is recommended that
the patient is recalled for a new evaluation
by means of a unenhanced phase, therefore
without any direct clinical impact, but just
with a certain discomfort for the patient
who must return to the unit of CT for un-
dergoing a further CT scan(12).

In seven patients, renal calculi were
identified, six of them non-obstructive, and
the majority with < 6 mm in diameter and
found in asymptomatic patients(24,25). The
absence of symptoms and the presence of
small, non-obstructive calculi seem to rep-
resent favorable signs for indicating an
expectative approach (26).

Amongst the cases presented to the gas-
troenterologist, the changes in the diagno-
sis were associated to steatosis, cholelithi-
asis and hepatic calcifications without
perfusional alterations. The specialist
evaluated all the diagnoses of mild steato-
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sis, indicating an investigation of the pos-
sible causes.

Hepatic steatosis is frequently found in
patients with chronic infection by hepati-
tis B and C viruses. Studies in the literature
have demonstrated that steatosis is associ-
ated with a rapid progression of the hepatic
fibrosis and a poor response to the antivi-
ral therapy in hepatitis C patients(27,28).

A precise measurement of the hepatic
parenchyma attenuation coefficients is es-
sential for determining a patient’s eligibil-
ity for a living-donor transplant. In this
group of patients, the unenhanced phase is
indispensable for the acquisition of these
measurements(21,29). These patients were
not included in the present study, and in
these cases the evaluation with only con-
trast-enhanced phase would not be indi-
cated.

In only one among the cases presented
to the urologist there was no change in the
clinical approach, because the diagnosis of
adrenal nodule would indicate the neces-
sity of hormonal evaluation independently
from the nodule nature, considering the fact
that it was diagnosed in a patient with no
history of a known neoplasm. In cases of
non-obstructive and asymptomatic neph-
rolithiasis, the urologist offered the patient
the option for getting the calculus removed
by means of flexible ureteroscopy or fol-
low-up only, depending on the patient’s
personal characteristics and lifestyle(30). In
the two patients with complex cysts, the
specialist opted for following them up by
means of magnetic resonance imaging
(MRI). CT follow-up has shown to be an
effective form of management of patients
with moderately complex renal cysts(22),
and CT and MRI demonstrate similar find-
ings in the majority of renal cysts(31). How-
ever in some cases, MRI demonstrated
additional findings such as parietal thick-
ening or septa, determining a change in the
Bosniak classification and for this reason
this imaging method has been utilized in
the follow-up of these patients(31).

Radiation exposure represents a rel-
evant factor to be taken into consideration
in abdominal CT studies. Although there is
no defined value for maximum radiation
dose to which a patient could be exposed,
and there is a consensus that this patient

should receive the dose required for the
diagnosis, it would be desirable that this
dose was as lowest as possible(32). The dose
utilized for each phase of multislice ab-
dominal CT is about 12 to 20 mSv(33). This
would be the mean radiation dose reduction
obtained upon suppression of one of the to-
mographic phases.

The present study has some limitations.
The number of patients could be higher,
and the authors are engaged in the devel-
opment of a study with a larger sample for
validating the findings of the present study.
However, in the authors’ opinion, remark-
able changes should not be observed in
these results. It was difficult to define the
criteria for patients selection, considering
that many presented with incomplete clini-
cal histories or confused diagnosis hypoth-
eses on their CT study requests. In a future
study, it is the authors’ intention to restrict
the sample only to patients undergoing tu-
mors staging or restaging.

In the present study, the definition of the
primary and secondary diagnoses was quite
subjective, but the authors could not clas-
sify the tomographic findings in a more
precise fashion.

Finally, the authors could observe that
the unenhanced phase has not provided
significant changes in the primary diag-
noses for patients in the clinical context
approached by the present study. The sec-
ondary diagnoses altered by the reading of
the unenhanced phase were also not quan-
titatively significant, but those initially
considered as secondary were significantly
valorized by the specialists in the respec-
tive diseases.

From the author’s point of view, it still
remains unclear if the unenhanced phase
should be abolished in routine computed
tomography for patients without a definite
diagnosis or undergoing tumor staging.
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