
4426

Abstract. – OBJECTIVE: To assess the diag-
nostic accuracy of delayed enhanced phase in 
addition to portal enhanced phase in MDCT im-
aging for depicting peritoneal carcinomatosis 
(PC) implants in patients with ovarian cancer.

PATIENTS AND METHODS: We retrospec-
tively reviewed double-phase, portal enhanced 
phase (PEP) and delayed enhanced phase (DEP), 
MDCT-examinations of 40 patients with clinical 
suspicion of recurrent PC from histopathologi-
cally-proven ovarian cancer, previously treated 
with both cytoreductive surgery and adjuvant/
neoadjuvant chemotherapy. Image assessment 
was performed by three independent blinded 
readers (2 experienced and 1 less-experienced 
radiologists) in 3 different reading sessions: 
PEP (set A), DEP (set B), and PVP + DEP (set 
C). All CT-images were qualitatively assessed 
on the basis of the location of the lesion (based 
on Sugarbaker scheme), presence (indicating a 
confidence level for the diagnosis of PC), size 
and pattern. Reference standard both for de-
tection and exclusion of PC was the evaluation 
of double-phase MDCT exams performed by 
two experienced readers in consensus, knowing 
clinical and laboratoristic parameters as well 
as previous and subsequent imaging (follow-up 
minimum of 12 months). Sensitivity, specificity, 
PPV, NPV and diagnostic accuracy of each read-
er for each reading session were calculated and 
compared. A subgroup analysis based on lesion 
pattern was also performed.

RESULTS: On a total of 507 abdominal-pelvic 
sites evaluated, PC was found in 182 regions 
(35.9%). When considering experienced radiol-
ogists, no statistically significant differences 
(p>0.05) were found between the different sets 
of images. The analysis by less-experienced ra-
diologist showed lower statistical results, which 

significantly improved when both PEP and DEP 
were evaluated. In the subgroup analysis, DEP 
showed significantly higher statistical results in 
the case of micronodular patterns.

CONCLUSIONS: Our results indicate that the 
CT-acquisition protocol in patients with ovar-
ian cancer for tumor staging should be based 
on portal phase alone, with a significant radia-
tion dose reduction, whereas the addition of de-
layed phase images is useful for less-experi-
enced readers.
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Introduction

Peritoneal carcinomatosis (PC) represents the 
most common pathway for the spread of ovarian 
cancer and is found in 70% of patients at the time 
of diagnosis1, characterizing an advanced stage of 
the disease. The introduction of more aggressive 
surgical treatments and intra-peritoneal chemo-
therapy appears to increase significantly the over-
all survival rate. In detail, advanced-stage disease 
is treated either with initial cytoreductive surgery 
(debulking) followed by adjuvant chemotherapy, 
or with initial neoadjuvant chemotherapy followed 
by debulking2. Accurate pre-operative imaging 
assessment of PC, in terms of disease’s presence 
and extension, is mandatory to determine the 
most appropriate therapeutic strategy3. In detail, 
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it plays a crucial role in identifying patients who 
may benefit from neoadjuvant chemotherapy be-
fore debulking2. 

The gold standard for detection and staging 
of PC is open surgery or laparoscopic approach; 
however, thanks to technological improvements, 
non-invasive imaging modalities could also be 
used to detect implants of PC and evaluate their 
extent and localization before surgery or treat-
ment. In detail, Multidetector-row Computed 
Tomography (MDCT) is still considered the im-
aging technique of choice, performed routinely 
in staging of ovarian cancer, both for its wide 
availability and its ability to obtain thin-sec-
tion images of the entire abdomen and pelvis 
with high resolution multiplanar reconstructions 
(MPR)4-8. Also, MDCT plays a crucial role in 
the evaluation of any persistence of disease af-
ter cytoreductive surgery and during follow-up 
period because the detection of any recurrent 
lesion of PC at imaging can obviate a diagnostic 
second-look laparotomy4.

However, literature has demonstrated that 
MDCT sensibility in the detection of PC varies 
greatly, ranging from 25% to 90%, depending 
not only on the size of the carcinomatosis9-13, but 
also on the CT protocol used and/or the peritoneal 
enhancement obtained3. In some early stage cas-
es, an abnormal enhancement of the peritoneum 
may be the only finding suggestive of peritoneal 
infiltration. Based on this assumption, it is obvi-
ous that an appropriate CT acquisition protocol is 
mandatory for an adequate MDCT examination 
to obtain an accurate tumoral staging. It is well 
known that portal venous phase is considered the 
phase of choice in the detection of PC2. However, 
there is no consensus about the role of other ac-
quisition phases, particularly the delayed phase, 
generally considered optional only in the case of 
pelvic implants or retroperitoneal metastases that 
involve ureters causing hydroureteronephrosis4.  

Thus, based on this background, the aim of 
our study was to assess the diagnostic accuracy 
of delayed phase in addition to portal venous 
phase at MDCT imaging for depicting PC im-
plants in patients with ovarian cancer, previously 
treated with cytoreductive surgery. 

Patients and Methods

Study Population – Study Design 
This study includes all patients suffering 

from ovarian cancer, with clinically suspect-

ed recurrent PC, referred to our Institute by 
the Gynecological Oncology Unit to undergo 
CT-staging/re-staging. A computer search was 
performed in our RIS-PACS system (Radiolog-
ical Informatics System: Imagoweb-El.Co.S.r.l., 
Savona, Italy; Picture Archiving and Commu-
nication Systems: Carestream Health, Genova, 
Italy) using the following filters: interval time, 
2011 - 2014; imaging technique: CT; UDC (cost 
diagnostic unit): Gynecology; ULD (hospital 
logistic unit): Gynecological Oncology Unit.

For a patient to be eligible, all the following 
inclusion criteria have to be present:  first diag-
nosis of ovarian cancer proven by histopatholo-
gy; previous treatment with both cytoreductive 
surgery and adjuvant/neoadjuvant chemotherapy; 
clinical/laboratory suspicion of recurrent ovarian 
cancer lesions in the peritoneum; double-phase 
(portal and delayed contrast-enhanced phases) 
CT-examination of abdomen performed at our 
Institute by using a multi-detector row helical 
scanner; additional follow-up for a minimum of 
12 months obtained with a combination of CT/
PET-CT and/or magnetic resonance (MR) im-
aging. Following the inclusion criteria, females 
submitted to biphasic CT in a 3-year period sus-
pected of having recurrent PC could be identified 
and retrospectively enrolled in our study. Then, 
database research, medical history investigation 
as well as histopathology correlation were col-
lected and reviewed.

All imaging performed in this research was 
part of the routine evaluation of patients at our 
Institute and was considered an acceptable part 
of patient care. The Institutional Review Board 
granted permission for this work; the requirement 
for informed consent was waived.

CT scanning 
Double-phase acquisition (portal and delayed 

contrast-enhanced phases) was performed by us-
ing a multi-detector row helical scanner (Siemens 
– Somatom Definition Flash, Munich, Germany). 
CT images were obtained from the level of the 
diaphragm to the symphysis pubis with 128x0.6 
mm-section collimation, 0.5-second gantry rota-
tion, pitch of 6 and 1.00 mm slice thickness. 

All patients were asked to drink 15 mL of 
oral water-soluble contrast medium (Gastrograf-
in) dissolved in approximately 300 mL of water 
20 minutes before CT examination; CT-enhanced 
images were acquired 70 seconds (portal phase) 
and 300 seconds (delayed phase) after bolus in-
travenous injection of iodinated non-ionic con-
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trast medium (Iopromide 370  mgI/mL, Ultravist; 
Bayer Schering Pharma, Berlin, Germany), at 
a flow rate of 3 mL/s via an antecubital vein. 
To minimize variability in enhancement of the 
abdominal parenchyma related to differences in 
patient size, the volume of contrast material was 
calculated according to the body weight of the 
patient (2 mL of contrast material per kilogram 
of body weight). The ensuring average volume 
of contrast material was equal to 130 mL (range, 
120-140 mL).

Image Analysis 
Source of reference (SOR): Our reference 

standard for both detection and exclusion of PC 
was the evaluation of double-phase (portal and 
delayed contrast-enhanced phase) CT acquisition 
performed by two experienced readers (ALV and 
BG, with more than 15 years of experience in 
abdominal imaging), knowing clinical and labo-
ratory parameters (CA-125 serum levels) as well 
as previous CT findings. Furthermore, proof of 
tumor burden and absence of disease were also 
confirmed during the additional follow-up with a 
combination of CT/PET-CT and/or magnetic reso-
nance (MR) imaging for a minimum of 12 months. 

For the best description of disease extension, 
the internationally recognized Sugarbaker’s PCI 
was used in radiological analysis and SOR. In de-
tail, it divides the entire abdominal and intestinal 
regions into 13 regions, of which 4 refer to small 
bowel, allowing the exact topography of tumor 
extension. Furthermore, in each of the 13 regions, 
the maximum visible lesion size was measured 
and assigned to a lesion size score between LS=0 
and LS=3 (0: no tumor visible; 1: tumor lesion 
size <0.5 cm; 2: tumor lesion size between 0.5 
and 5 cm; 3: tumor lesion size >5 cm)14.

All CT-examinations or singular region evalu-
ated in consensus by the two experienced readers 
as technically inadequate/non-diagnostic were 
excluded from the subsequent analysis.

Readers: Diagnostic Performance
CT-images were divided into different sets 

to be evaluated independently by three blinded 
readers: 2 experienced radiologists (respectively, 
with 10 and 7 years of experience in abdomi-
nal imaging) and 1 less-experienced radiologist 
(resident at fourth year of residency in radiol-
ogy). These readers were unaware of previous 
imaging findings as well as surgical/pathologi-
cal data. The different sets of images consisted 
of: set A = portal enhanced phase images (PEP), 

set B = delayed enhanced phase images (DEP), 
set C = portal plus delayed phase images (PEP 
+ DEP). 

During each reading session, the readers 
separately and independently assigned a con-
fidence level for the diagnosis of PC, by using 
a five-point scale: score 1 for certainly absent, 
score 2 for probably absent, score 3 for possibly 
present, score 4 for probably present and score 
5 for certainly present. Before evaluating the 
images, the readers were informed that a confi-
dence level of 3 or higher represented a positive 
diagnosis of PC. 

The readers reviewed all sets of images in 
random order at a dedicated computer work-
station (Advantage Workstation, GE Healthcare, 
Milwaukee, WI, USA), adjusting the image’s 
level and window, and routinely using a 2D 
multiplanar reconstruction technique to evaluate 
better the peritoneal recesses. Names, ages, and 
identification numbers of patients, and imaging 
parameters were always hidden during the review 
to minimize learning bias. The specific image 
sets were randomly selected by another author 
(E.D.), who did not participate in the review. The 
interval between the reading sessions was at least 
1 month. 

Study Coordinator: Morphological 
Classification and Qualitative Assessment 
of Peritoneal Carcinomatosis

Study coordinator (E.R.) was asked to perform 
a CT qualitative assessment of true-positive ab-
dominal-pelvic sites, proven by SOR. In detail, she 
was asked to classify them in terms of morpholog-
ical aspects by using the following four different 
patterns: P1 micronodular (tiny 1-5 mm milky 
spots of peritoneal implants, diffusely involving 
the tunica serosa and subserosal fat); P2 nodular 
(nodular implants with a maximum diameter >5 
mm); P3 plaque-like pattern (irregular soft-tissue 
thickenings of peritoneal walls and parenchyma 
and bowel surface); P4 linear (homogeneous and 
diffuse peritoneal thickening, with significant en-
hancement after contrast medium injection). 

Furthermore, the study coordinator analyzed 
the morphological pattern of all misdiagnosed 
peritoneal lesions assessed by readers (false neg-
ative cases) in order to highlight a possible cor-
relation between morphological pattern and mis-
diagnosis. 

In the end, she was also asked to perform 
a subjective assessment of conspicuity of all 
lesions, based on peritoneal enhancement, by 
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using a 4-point scale (1, barely perceptible with 
presence debatable; 2, subtle finding but likely a 
lesion; 3, definite lesion detected; and 4, striking-
ly evident and easily detected).

Statistical Analysis
Interobserver agreement for the evaluation of 

CT images was assessed with the K test. Degrees 
of agreement were categorized as follows: k va-
lues of 0.00-0.20 were considered to indicate poor 
agreement; k values of 0.21-0.40, fair agreement; 
k values of 0.41-0.60, moderate agreement; k va-
lues of 0.61-0.80, high agreement; and k values of 
0.81-1.00, excellent agreement (15). 

To evaluate the diagnostic accuracy of diffe-
rent CT-sets of images in detection and locali-
zation of PC, both patient-level and region-level 
analyses were performed. Sensitivity, specificity, 
positive and negative predictive values and dia-
gnostic accuracy to detect peritoneal carcinoma-
tosis for all reading sessions were also calculated. 

CT images evaluated with a score of 3 or 
higher and confirmed as positive for peritone-
al carcinomatosis at SOR were considered as 
true-positive diagnoses, whereas CT images with 
a confidence level of 1 or 2 evaluated as negative 
for peritoneal carcinomatosis at SOR were consi-
dered as true negative diagnoses. False negative 
diagnoses were represented by CT images with a 
confidence of 1 or 2, evaluated as positive for pe-
ritoneal carcinomatosis at SOR, whereas false po-
sitive diagnoses were represented by CT images 
with a score of 3 or higher, evaluated as negative 
for peritoneal carcinomatosis at SOR. 

Statistical analysis obtained for all reading 
sessions were compared by using the two-tailed 
Student’s t-test for paired data. A two-tailed 
p-value of less than 0.05 was considered signif-
icant. 

Results

Study Population  
The computer search allowed to identify a 

total of 127 patients with previous history of 
ovarian cancer and clinically suspected recurrent 
PC, referred to our Institute by the Gynecologi-
cal Oncology Unit to undergo CT-restaging. 87 
patients were excluded for the following reasons: 
lack of acquisition of a delayed phase CT scan (n= 
42), lack of additional follow-up CT for a mini-
mum of 12 months (n= 33), lack of cytoreductive 
surgery (n=12).

The remaining 40 patients (mean age: 48.5 
years; age range: 32-73 years) formed the final 
study population. Study population characteris-
tics are described in Table I.

SOR
In all patients, ovarian cancer was previously 

proven by histology, whereas concomitant PC 
was associated in 29 (29/40, 72.5%) of them, ei-
ther stage III (n= 33) or stage IV (n= 7). 

When considering the region-level evaluation, 
based on Sugarbaker classification, a total of 507 
abdominal-pelvic sites were evaluated for PC, 
with the last 13 sites not evaluated as considered 
technically inadequate, due to beam hardening 
artifacts or patients movements compromising 
the diagnosis. In detail, PC was found in 182 
regions (182/507, 35.9%), among them 38 (38/182, 
20.9%) classified as LS1, 81 (81/182, 48.8%) as 
LS2, and the last 63 (63/182, 34.6%) as LS3. 

Reading sessions
When considering experienced readers, the 

K analysis showed excellent interobserver agree-
ment (K analysis value ≥0.88) in all reading ses-
sions for PC detection, so the data were pooled.

Experienced Readers
When considering a patient-level analysis, 

set A was able to correctly correlate with SOR 

Table I. Clinical and pathological characteristics of study 
population.

Patients Characteristics 	 N (%) 

Age (years)
	 Mean 	 48.5
	 Range 	 32-73	
Pre-surgery FIGO Stage
	 III	 33/40 (83.5%)
	 IV 	  7/40 (17.5 %)
Histologic findings 
	 Serosus cystoadenocarcinoma 	 34 (85 %)
	 Mucinosus cystoadenocarcinoma 	   5 (12.5 %)
	 Endometrioid adenocarcinoma	   1 (2.5 %) 
Co-morbidities 	  15 (37.5 %)
	 Obesity / Overweight 	  11 (27.5 %)		
	 Hypertension 	   8 (20 %) 		
	 Osteoporosis	   6 (15 %)
	 Thyroid disfunction 	   4 (10 %)
	 Type 2 diabetes mellitus	   3 (7.5 %)
	 Controlled asthma	   2 (5 %)		
	 Deep vein thrombosis	   1 (2.5 %)		
	 Sjogren syndrome	   1 (2.5 %) 	  	
	 Multiple sclerosis 	   1 (2.5 %)
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in 26/29 (89.6%) patients with PC (true positive) 
and in 7/11 patients without PC (true negative), 
set B in 26/29 (89.6%) patients with PC (true 
positive) and in 6/11 patients without PC (true 
negative), and set C in 27/29 (93.1%) patients 
with PC (true positive) and in 8/11 patients 
without PC (true negative), with a consequent 
diagnostic accuracy of 82.5%, 80%, and 87.5%, 
respectively (Figure 1).

When dealing with region-level analysis, the 
reading session A (PEP) allowed to correctly 
correlate with SOR in 169 pathological regions 
(169/182, 92.9%) and in 298 negative regions 
(298/325, 91.7%), session B in 164 pathological 
regions (164/182, 90.1%) and in 285 negative re-
gions (285/325, 87.7%), whereas session C in 171 
pathological regions (171/182, 94%) and in 304 

negative regions (304/325, 93.5%), with a conse-
quent diagnostic accuracy of 92.1%, 88.6%, and 
93.7%, respectively.

No statistically significant differences (p>0.05) 
were found between the different sets of images 
for both patient-level and region-level analyses, 
even if set B obtained lower results when com-
pared with set A and C. Sensitivity, specificity, 
negative and positive predictive values, as well as 
diagnostic accuracy for PC detection in all differ-
ent CT image sets are showed in Table II. 

Less-Experienced Reader
When considering a patient-level analysis, 

set A was able to correctly correlate with 
Standard of Reference (SOR) in 22/29 (75.9%) 
patients with PC (true positive) and in 6/11 

Figure 1. a-b, Axial CT images obtained in portal (a) and delayed (b) phases. Experienced readers assigned a score of 5 (cer-
tainly present) in all reading sessions (arrow in a and b), as confirmed by SOR (nodular pattern of carcinomatosis involving the 
omentum) = True positive case. 

Table II. Statistical comparison between results obtained by the experienced and less-experienced readers for patient- and 
region-level analysis.

*For less-experienced reader: Significantly higher values in comparison with set A (p<0.001). °Significantly higher values in 
comparison with that obtained for the same set of images evaluated by less-Experienced reader (p<0.05). Data were described 
as percentages. Set A = portal enhanced phase images (PEP), set B = delayed enhanced phase images (DEP), set C = portal 
plus delayed phase images (PEP + DEP).

	 Experienced Readers 	 Less - Experienced Reader 

	 Patient-level analysis	 Region-level analysis	 Patient-level analysis	 Region-level analysis 

	 Set A 	 Set B 	 Set C 	 Set A 	 Set B 	 Set C 	 Set A 	 Set B 	 Set C 	 Set A 	 Set B 	 Set C 
			 
Sens 	 89.6 	 89.6 	 93.1 	 92.9° 	 90.1° 	 94.0 	 75.9 	 79.3 	 89.7* 	 84.6 	 81.3 	 91.8* 
Spec 	 63.6 	 54.5 	 72.7 	 91.7° 	 87.7° 	 93.5 	 54.5 	 54.5 	 63.6 	 82.2 	 76.3 	 91.4* 
PPV 	 86.7 	 83.9 	 90.0 	 86.2° 	 80.4° 	 89.1 	 81.5 	 82.1 	 86.7 	 72.6 	 65.8 	 85.6* 
NPV 	 70.0 	 66.7 	 80.0	 95.8 	 94.1 	 96.5 	 46.2 	 50.0 	 70.0* 	 90.5 	 87.9	 95.2 
Acc 	 82.5 	 80.0 	 87.5 	 92.1° 	 88.6° 	 93.7 	 70.0 	 72.5 	 82.5* 	 83.0 	 78.1 	 91.5* 
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(54.5%) patients without PC (true negative), 
set B in 23/29 (79.3%) patients with PC (true 
positive) and in 6/11 (54.5%) patients without 
PC (true negative), and set C in 26/29 (89.7%) 
patients with PC (true positive) and in 7/11 
(63.6%) patients without PC (true negative), 
with a consequent diagnostic accuracy of 70%, 
72.5%, and 82.5%, respectively.  

When dealing with region-level analysis, the 
reading session A (PEP) allowed to correctly 
correlate with SOR in 154 pathological regions 
(154/182, 84.6%) and in 267 negative regions 
(267/325, 82.2%), session B in 148 pathological 
regions (148/182, 81.3%) and in 248 negative re-
gions (248/325, 76.3%), whereas session C in 167 
pathological regions (167/182, 91.8%) and in 297 
negative regions (297/325, 91.4%), with a conse-
quent diagnostic accuracy of 83%, 78.1%, and 
91.5%, respectively (Figure 2).

No statistically significant differences (p>0.05) 
were found between set A and B of images for 
both patient-level and region-level analyses. On 
the other hand, the addition of delayed phase 
to portal one (set C vs set A) allowed to obtain 
statistically significant higher values (p<0.001) 
in terms of sensitivity, negative predictive value 
as well as diagnostic accuracy, for patient-level 
analysis and sensitivity, specificity, positive pre-
dictive value as well as diagnostic accuracy for 
region-level analysis (Figure 3). 

Sensitivity, specificity, negative and positive 
predictive values, as well as diagnostic accuracy 
for PC detection in all different CT image sets are 
showed in Table II. 

Experienced versus Less-Experienced 
Readers

The values of sensitivity, specificity, VPP and 
diagnostic accuracy in reading sessions A and B 
were significantly higher for experienced than for 
less-experienced reader. 

No significant differences were found between 
the differently experienced readers when consid-
ering set C (Table II). 

Morphological Classification 
and Qualitative Assessment 
of Peritoneal Carcinomatosis

Study coordinator classified 41 lesions as P1 
(micronodular) (41/182, 22.5%), 64 as P2 (nodular) 
(64/182, 35.1%), 46 as P3 (plaque-like) (46/182, 
25.2%), and 31 as P4 (linear) (31/182, 17%).

Based on the morphological classification, a 
distribution of false negative cases assessed by 
readers was performed, as shown in Table III. 

For the less-experienced reader, delayed phase 
significantly reduced the number of false negative 
cases for pattern P1 (p=0.04); similar results were 
also obtained for P4 (p=0.056), when added to the 
portal phase.

Results of the subjective assessment of con-
spicuity of lesions, based on peritoneal enhance-
ment, distributed on the basis of morphological 
pattern are reported in Table IV.

Discussion

Epithelial ovarian cancer (EOC) is the sixth 
most common cancer and the seventh cause of 

Figure 2. a-b, Axial CT images obtained in portal (a) and delayed (b) phases. A micronodular lesion was correctly detected by 
less-experienced reader only at reading session b and c, based on higher enhancement of lesion obtained in delayed phase image 
(arrow in b), as confirmed by SOR (micronodular pattern of carcinomatosis involving the left paracolic gutter). False negative 
case for SET A – True positive case for SET B and C.
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death from cancer in women (4.0% of cases and 
4.2% of deaths)16. EOC usually spreads to the 
abdomen via the trans coelomic route and, less 
commonly, to other distant sites via lymphatic 
and haematogenous routes17. One of the import-
ant prognostic factors in EOC is the degree of 
peritoneal disease. The gold standard for staging 
ovarian cancer remains the surgical approach, 
which serves the dual purpose of both staging 
and obtaining disease cytoreduction. The goal of 
debulking surgery is to obtain a complete cytore-
duction of all tumoral implants leaving no evi-
dence of residual disease (NED). This is because 
it is well proven that patients with no residual 
disease have a better prognosis when treated with 
platinum-based agents18,19. 

CT remains one of the main imaging mo-
dalities used to detect peritoneal seeding; the 
ease of access, fast image acquisition time, thin 
section scanning and multiplanar reformations 
make MDCT the ideal imaging modality4. How-
ever, there is no consensus about the acquisition 
protocol to be used for depicting PC during CT 

staging; in particular, it is not well defined the 
appropriate role of the acquisition phases beyond 
the portal one. Some scholars highlighted the po-
tential crucial role of delayed phase on MRI in in-
creasing the sensitivity for detecting PC20-23. They 
concluded that it should be related to a better 
visualization of thickened enhanced peritoneum 
in the delayed phase reflecting the slow accumu-
lation of contrast material in the peritoneal tis-
sues. Nothing similar seems to be defined for CT 
examinations. Even if this conclusion could lead 
to a routine use of this phase also in CT, it is well 
known that the acquisition of images at an addi-
tional phase leads to increased patient exposure 
to ionizing radiation and an increase in the time 
of CT examination. As a matter of fact, it became 
crucial to clarify the real advantages of delayed 
phase in CT imaging to warrant their routine 
use. Based on this assumption, we performed our 
retrospective evaluation to assess the diagnostic 
accuracy of delayed enhanced phase in addition 
to portal enhanced phase MDCT imaging for 
depicting PC implants in patients with clinically 

Figure 3. a-b, Axial CT images obtained in portal (a) and delayed (b) phases. Linear thickening of parietal peritoneum was 
correctly detected by less-experienced reader only at reading session C, based on the evaluation of both portal and delayed phase 
images (arrow in a and b), as confirmed by SOR (linear thickening of parietal peritoneum diffusely involving the left paracolic 
gutter). False negative case for SET A and B – True positive case for SET C. 

Table III. Distribution of false negative cases assessed by readers performed on the basis of morphological classification. 

P1 = micronodular pattern; P2 = nodular pattern; P3 = plaque-like pattern; P4 = linear pattern. Set A = portal enhanced 
phase images (PEP), Set B = delayed enhanced phase images (DEP), Set C = portal plus delayed phase images (PEP + DEP). 
*Significantly higher values in comparison with set B and C.

			   SET A					     SET B					     SET C

	 Tot 	 P1 	 P2 	 P3 	 P4 	 Tot 	 P1 	 P2 	 P3 	 P4 	 Tot 	 P1 	 P2 	 P3 	 P4 

Expert readers 	 13 	 5 	 2 	 3 	 3 	 18 	 3 	   5 	  8 	 2 	 11 	 3 	 2 	 3 	 3 
Unexpert Reader 	 28 	 11* 	 4 	 4 	 9 	 34 	 4 	 14 	 10 	 6 	 15 	 4 	 3 	 4 	 4 
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suspected recurrence of PC from ovarian cancer, 
with previous cytoreductive surgery and adjuvant 
chemotherapy.

In our series, no statistically significant differ-
ences were found comparing set A (portal phase 
images) with set B (delayed phase images) and set 
C (portal + delayed phase images), respectively, 
for experienced readers. In detail, for experienced 
readers, the delayed enhanced phase reported 
lower results than the portal phase alone, even if 
not significant, whereas in addition to the portal 
phase didn’t increase the diagnostic accuracy of 
MDCT imaging for depicting PC implants.

As a matter of fact, set A (portal phase im-
ages) allowed a correct diagnosis in 87.4% of 
cases, with only 13 false negative diagnosis; in 
detail, when dealing with morphological pattern 
analysis, the combination with delayed phase 
images allowed only the additional diagnosis of 
two small micronodular (P1, <5 mm) implants, 
without significant differences.

When considering less-experienced reader, no 
statistically significant differences were found be-
tween set A and B of images for both patient-level 
and region-level analyses.  However, the addition 
of the delayed phase to the portal one allowed to 
obtain values of sensitivity, PPV and diagnostic 
accuracy significantly higher. With the addition 
of the delayed phase to the portal one, increase of 
PC detection rate (set A: 154/182, 82,4%; set C: 
167/182, 89.3%) and more confident exclusion of 
PC (set A: 267/325, 67.4%; set C: 297/325, 75%) 
were observed. The real benefit of adding the de-
layed phase to the portal phase images is evident 
comparing experienced and less-experienced read-
ers. In detail, experienced readers obtained signifi-
cantly higher values when considering reading ses-
sions A and B, whereas no significant differences 
were found between the differently experienced 
readers when considering set C, composed by the 
combination of portal and delayed phases. 

An accurate evaluation of morphological 
pattern analysis showed that the combination of 
portal and delayed phase images decreased sig-
nificantly the false negative rate from 28 to 15, 
with additional diagnosis of a total of 7 small 
micronodular (P1, <5 mm), 1 nodular (P2, 5-50 
mm), and 5 linear (P4) implants. According to 
the experience performed in MRI, our study 
seems to confirm that delayed phase could be 
useful in the evaluation of small micronodular 
or linear peritoneal lesions, due to a better de-
lineation of enhanced peritoneal layers, with a 
reduction of false negative cases. In fact, the 
qualitative evaluation of subjective assessment 
of conspicuity of lesions showed a significantly 
higher enhancement for micronodular (P1) im-
plants in the delayed phase rather than in the 
portal one (3.7±0.4 vs. 3.1±0.3, p=0.04), with 
higher results, even if not significant, obtained 
for linear (P4) implants (3.6±0.3 vs. 3.2±0.4, 
p=0.06).

The main limits of our work are the retro-
spective design and the relatively small number 
of patients enrolled; further prospective inves-
tigations with a large sample of patients are 
needed to confirm our findings. A further limit is 
the lack of a surgical/histological confirmation. 
Our cohort was composed of advanced patients 
with clinically suspected recurrence of PC from 
ovarian cancer, with previous cytoreductive sur-
gery and adjuvant chemotherapy, not requiring 
another surgical approach but only a systemic 
medical treatment. On the other hand, a surgical 
histological gold-standard would be mandatory 
to evaluate the real role of CT in detecting PC 
but this purpose is beyond our scope. The aim of 
our research was only to compare the diagnostic 
accuracy of different CT acquisition phases in 
order to understand if the addition of a delayed 
phase to the portal one, with the consequent 
increment of radiation dose, would be clinically 
justified. Therefore, the double-phase CT study 
evaluated by two experienced readers who knew 
the clinical, laboratory as well as previous CT 
findings, with the confirmation of imaging fol-
low-up, seems to be adequate for the scope of our 
investigation. 

The last limit of the study could be the fact 
that we performed our analysis on a site-by-site 
rather than per nodule basis; this decision was 
determined by the impracticality of accurate 
radiologic-pathologic correlation for small nod-
ules, particularly in patient with disseminated 
disease.

Table IV. Subjective assessment of conspicuity of lesions.

P1 = micronodular pattern; P2 = nodular pattern; P3 = plaque-
like pattern; P4 = linear pattern. PEP = portal enhanced phase 
images, DEP = delayed enhanced phase images (p-value 
statistically significant <0.05).

	 PEP 	 DEP 

All lesions 	 3.4±0.6 	 3.3±0.5 	 NS 
P1 	 3.1±0.3 	 3.7±0.4 	 p = 0.04 
P2 	 3.8±0.4 	 3.1±0.5 	 p = 0.016 
P3 	 3.6±0.3 	 2.9±0.6 	 p = 0.002 
P4 	 3.2±0.4 	 3.6±0.3 	 p = 0.06 
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Conclusions

Our findings suggest that the portal venous 
phase alone is effective and sufficient to detect 
PC from ovarian cancer when CT images are 
analyzed by experienced readers. The combina-
tion of portal venous and delayed enhanced phase 
may help less-experienced radiologist to signif-
icantly improve diagnostic accuracy allowing a 
better qualitative assessment of enhancement, 
particularly for micronodular and linear implants.

Our results indicate that the CT-acquisition 
protocol in patients with ovarian cancer for tumor 
staging should be based on portal phase alone, 
whereas the addition of delayed phase images is 
useful for less-experienced readers. 
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