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Abstract

Purpose The aim of this study is to assess the added diagnostic value of Doppler ultrasound of the liver (DUL) performed
within 3 days of contrast-enhanced CT (CECT) for the diagnosis of portal vein (PV) or hepatic vein (HV) thrombosis.
Methods Adult patients were included if they underwent DUL within three days after a CECT of the abdomen in the
emergency or inpatient setting. Retrospective review of clinical data and imaging reports was performed. In patients with
discrepant or positive findings on CECT and/or DUL with respect to PV or HV thrombosis, image review was performed
by three fellowship-trained abdominal radiologists in consensus.

Results The final cohort consisted of 468 patients. Of these, 26 (5.6%) patients had equivocal findings for thrombosis on
CECT, and DUL could make a confident diagnosis of positive or negative in 18 (69%) patients. Additionally, there were 2
(0.4%) patients with PV or HV thrombosis on DUL following a limited CECT, and 2 (0.4%) patients who developed interval
PV thrombosis between CECT and DUL.

Conclusion DUL after CECT added diagnostic value for PV and/or HV thrombosis in less than 5% of patients. The patency
of PV and HV is often not explicitly mentioned in CECT reports at our institution, which may lead to uncertainty for the
referring provider as to whether the PV and HV were adequately evaluated. Few CECT have false positive or missed or
underreported findings, and a careful review of the original CECT should be performed if DUL is requested.

Keywords Duplicative exam - Doppler ultrasound - Contrast-enhanced CT - Portal vein thrombosis - Hepatic vein
thrombosis

Introduction

Burgeoning healthcare costs are a major economic burden
on the United States, with overall healthcare expenditures
comprising nearly 18% of the gross domestic product [1].
In part, this can be explained by the increased utilization
of advanced medical imaging, which has continually risen
over the past couple decades [2]. Recent cuts in reimburse-
ment have limited the impact of medical imaging on overall
healthcare costs [3]. However, there is further opportunity
to diminish medical imaging costs by reducing unnecessary
and/or duplicative evaluations.
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Doppler ultrasound of the liver (DUL) is an established
imaging technique for evaluating the patency of the portal
and hepatic veins [4]. Diagnosis of portal vein (PV) and
hepatic vein (HV) thrombosis is of key importance, as
these entities can progress to portal hypertension and acute
hepatic insufficiency or cirrhosis, respectively, if untreated
[5]. Intravenous (IV) contrast-enhanced computed tomog-
raphy (CECT) of the abdomen is a commonly performed to
identify acute intra-abdominal pathology in the emergency
department (ED) and inpatient setting [6]. On CECT, the
phase of contrast enhancement determines the adequacy of
portal and hepatic vein evaluation. Our institutional experi-
ence suggests that routine CECT is sufficient in the most
patients to diagnose or exclude PV or HV thrombosis.
Despite this, DUL is frequently requested in the acute care
setting and performed shortly after CECT, and the added
diagnostic utility of DUL after CECT is unknown.

The aim of this study was to systematically assess the
added diagnostic utility of DUL performed within 3 days
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of a CECT of the abdomen for the diagnosis of PV or HV
thrombosis, among patients in the ED and inpatient setting.

Materials and methods
Study design

This retrospective study was performed in compliance with
the Health Insurance Portability and Accountability Act
(HIPAA). The institutional review board (IRB) approved the
protocol and waived the requirement for informed consent.

Study cohort

Patients were identified by query of our radiology data-
base, which included all studies performed between June
1, 2010 through the date of our search on January 31, 2019.
Sequential searching was performed by Current Procedural
Terminology (CPT) code, which identified all patients who
underwent CECT and a subsequent DUL within three days.
Additional inclusion criteria included adult patients (age 18

or older) and initial CECT performed in either the emer-
gency or inpatient setting. If a patient had more than one
pair of CECT and DUL meeting criteria for inclusion, only
the most recent pair of studies was selected for inclusion.
Patients were excluded if they underwent abdominal surgery
between the CECT and DUL. Our search criteria generated
472 patients, with our final cohort consisting of 468 patients

(Fig. 1).
Imaging protocols

CECT was performed according to standard protocols used
at our institution. Most studies were performed using a sin-
gle acquisition during the portal venous phase (i.e., 60—100 s
scan delay) using an intravenous infusion rate of 1-3 mL/s.
Additional protocols included those performed in the arte-
rial phase according to an aortic dissection protocol or a
multi-phase protocol which included non-contrast, arterial,
and portal venous phases. DUL was performed by a trained
sonographer according to a standard protocol. Additional
scanning was performed by and at the discretion of the inter-
preting radiologist.

| DUL performed within three days after a CECT of the abdomen |

| N = 472 patients |

Review of clinical data

4 patients excluded
« Pediatric patient admitted to the
adult hospital (N = 1)

and imaging reports

Renal artery Doppler (N = 2)
Interval liver transplant with
thrombectomy (N = 1)

.

| N = 468 patients I

Initial categorization

PV thrombosis

HV thrombosis

DUL Assessment

DUL Assessment

Negative | Positive Limited Negative | Positive Limited
BT ment | Negative 315 22 71 e ment | Negative 350 5 97
Positive 17 29 14 Positive 10 4 2

Imaging review and reclassification
« 82 with positive or discrepant PV finding
« 21 with positive or discrepant HV finding

Fig. 1 Flow chart for patient identification and image review. Patients
were identified by query of the radiology database if they underwent
Doppler ultrasound of the liver (DUL) within three days after con-
trast-enhanced CT (CECT). Clinical data and imaging reports were
reviewed, which resulted in exclusion of four patients and a final

@ Springer

study cohort of 468 patients. Tables show initial categorization with
respect to portal vein (PV) and hepatic vein (HV) thrombosis. Imag-
ing review and reclassification was performed in patients with dis-
cordant or positive findings on CECT and DUL (bolded)
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Patient characteristics and imaging findings

Retrospective review of the clinical data was performed
by one of the study’s authors in the third year of radiology
residency training (FWP) to obtain patient demographics,
serum laboratory values, history of prior liver transplanta-
tion, indication for CECT and DUL, and intensive care unit
(ICU) status at the time of the CECT and DUL. Imaging
reports were reviewed to determine the presence of PV or
HYV thrombosis on CECT and DUL. Additionally, for DUL,
the study was scored as limited for PV and/or HV thrombo-
sis if the initial report described the limitation. Any study
reported as equivocal (i.e., possible or probable) was initially
scored as positive, in an attempt to be inclusive in our subse-
quent imaging review, which was performed in all patients
with a positive finding on CECT or DUL. Data were col-
lected on whether PV and/or HV patency was specifically
mentioned in the imaging report. If no mention was made,
these cases were considered negative for the purpose of this
study. Additional data collected from the CECT imaging
report included whether the report was initially generated
by a resident physician or clinical fellow, and whether the
attending radiologist was a member of the abdominal imag-
ing section.

Imaging review

In patients with discrepant or positive findings on CECT and
DUL with respect to PV or HV thrombosis, image review
was performed by three fellowship-trained abdominal radiol-
ogists in consensus (DRL, ASS, MY), with 0, 5, and 7 years
of post-fellowship experience, respectively. Image review
was performed in 82 patients with positive or discrepant PV
finding and 21 patients with positive or discrepant HV find-
ing (Fig. 1). After review of the CECT and DUL images, the
consensus interpretation of the reviewers was compared to
the original imaging reports. On CECT, cases were reclassi-
fied into one of the following groups: (a) negative; (b) posi-
tive; (¢) missed or unreported finding on CECT; (d) false
positive; (e) equivocal finding (i.e., possible or probable
thrombosis); and (f) limited evaluation (i.e., poor opacifi-
cation of the PV or HV). On DUL, cases were reclassified
as (a) negative; (b) positive; (c) equivocal (i.e., slow flow
versus thrombosis); and c) limited. Specifically, an equivocal
DUL was defined as a lack of signal on color flow Doppler
without a correlate on grayscale images.

Statistical analysis

Continuous variables were summarized using means + stand-
ard deviation (SD) or median + interquartile range (IQR)
for normally distributed and not normally distributed data,
respectively. Categorical variables were summarized by

frequency (percentage). Differences in categorical variables
were assessed using the Pearson chi-squared test. P <0.05
was considered statistically significant. All statistical analy-
sis was performed using SPSS Statistics Version 25 (Interna-
tional Business Machines Corp, Armonk, New York).

Results
Patient characteristics

The final cohort (N=468) had a slight majority of
male patients (N=259; 55%) and an average age of
54.0 £ 14.5 years (Table 1). Of these, 65 (14%) had under-
gone prior liver transplantation. A significant minority were
admitted to the ICU at the time of CECT (N=2380; 17%) or
admitted to the ICU between CECT and DUL (N=69;
15%). A large majority of CECT studies were performed
in the portal venous phase (N=457, 98%), with a minor-
ity performed in the arterial phase (N=9, 2%) or according
to multi-phase protocol (N=2, 0.4%). The most common
indications for CECT were abdominal pain (N=204; 44%)
and infection or inflammation (N = 146; 31%). On the other
hand, the most common indications for DUL were vascular
abnormality (N=178; 38%) or abnormal laboratory values
(N=147; 31%).

Mention of PV and HV patency on CECT

PV patency was specifically mentioned in a slight major-
ity of reports (N=236; 53%), where HV patency was infre-
quently mentioned (N=93; 20%) (Table 2). Resident or fel-
low generated reports mentioned the PV and HV at a similar
frequency to those generated by an attending radiologist
(p=0.14 and 0.69 for PV and HYV, respectively). Similarly,
there was no difference in frequency among those inter-
preted by an abdominal radiologist compared to those inter-
preted by a non-abdominal radiologist (p =0.83 and 0.28 for
PV and HV, respectively).

Assessment of PV and HV thrombosis on CECT
and DUL

Table 3 shows the final categorization for PV thrombosis by
findings on CECT and DUL, whereas Table 4 shows the final
categorization for HV thrombosis. The overall incidence
of PV thrombosis was 40 (8.5%) and 38 (8.1%) by CECT
and DUL, respectively. The incidence of HV thrombosis
was substantially lower, at 4 (0.9%) and 4 (0.9%) by CECT
and DUL, respectively. Among patients that were negative
for thrombosis after adequate assessment on CECT, a new
diagnosis of PV thrombosis was made on DUL in 2 (0.4%),
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Table 1 Patient characteristics

(N=468) Age (years)

Gender
Male
Female
Prior liver transplantation

54.0+14.5 (range 18-93)

259 (55%)
209 (45%)
65 (14%)

Liver function tests at time of CECT (median+IQR)

Alanine transaminase (IU/L)
Aspartate transaminase (IU/L)
Alkaline phosphatase (IU/L)
Bilirubin (mg/dL)
Albumin (g/dL)
Plasma protein (g/dL)

ICU admission at time of CECT

Interval ICU admission (between CECT and DUL)
Interval between CECT and DUL (days)

278 +700 (range 5-6169)

528 +2589 (range 12-48,000)
2314267 (range 20-3119)
1.6+3.2 (range 0.1-28.9)
3.0+ 1.0 (range 1.2-4.9)
6.4+ 1.7 (range 2.5-9.5)

80 (17%)

69 (15%)

1.1 + 0.8 (range 0.01-3.0)

CECT imaging protocol
Portal venous phase 457 (98%)
Arterial phase 9 (2%)
Multi-phase 2 (0.4%)
Indication for CECT
Abdominal pain 204 (44%)
Infection or inflammation 146 (31%)
Obstruction 13 (2.8%)
Postoperative complication 74 (16%)
Malignancy 120 (26%)
Abnormal labs 72 (15%)
Vascular abnormality 35 (7.5%)
Indication for DUL
Abdominal pain 54 (12%)
Infection or inflammation 86 (18%)
Obstruction 3(0.6%)
Postoperative complication 58 (12%)
Malignancy 105 (22%)
Abnormal labs 147 (31%)
Vascular abnormality 178 (38%)
Cirrhosis 95 20%)
Table 2 Specific mention of Yes No p value
PV and HV patency on CECT
report Portal vein 236 (53%) 222 (47%)
Resident or fellow generated (N=386) 209 (54%) 177 (46%) 0.14
Interpreted by abdominal radiologist (N =228) 121 (53%) 107 (47%) 0.83
Hepatic veins 93 (20%) 375 (80%)
Resident or fellow generated (N=386) 78 (20%) 308 (80%) 0.69
Interpreted by abdominal radiologist (N =228) 50 (22%) 178 (78%) 0.28

indicative of interval thrombosis. No new diagnoses of HV

thrombosis were made on DUL after a negative CECT.
There were 16 (3.4%) and 10 (2.1%) patients who had

equivocal findings on CECT for PV and HV thrombosis,
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respectively. Among those with equivocal PV thrombo-
sis, 8 (50%) had a negative DUL, 1 (6%) had a positive
DUL, and 7 (44%) had a limited DUL. Most patients with
an equivocal HV thrombosis had a negative DUL (N=09;
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90%), whereas 1 (10%) patient had a limited DUL. Most
equivocal findings on CECT represented flow-related arti-

facts (Fig. 2).

Table 3 CECT and DUL
assessment of portal vein
thrombosis

Table4 CECT and DUL
assessment of hepatic vein
thrombosis

DUL showed 1 (0.2%) and 1 (0.2%) PV and HV throm-
bosis, respectively, in patients with CECT limited by subop-
timal opacification of the PV or HV. Similarly, there were 6

CECT assessment

DUL assessment

Negative Positive Equivocal Limited Total
Negative 318 (68%) 2(0.4%) 7 (1.5%) 71 (15%) 398 (85%)
Positive 0 (0%) 28 (6.0%) 1(0.2%) 11 (2.4%) 40 (8.5%)
Missed or underreported 0 (0%) 6 (1.3%) 0 (0%) 0 (0%) 6 (1.3%)
False positive 4 (0.9%) 0 (0%) 0 (0%) 3 (0.6%) 7(1.5%)
Equivocal 8 (1.7%) 1(0.2%) 0 (0%) 7 (1.5%) 16 (3.4%)
Limited 0 (0%) 1(0.2%) 0 (0%) 0 (0%) 1(0.2%)
Total 330 (71%) 38 (8.1%) 8 (1.7%) 92 (20%) 468 (100%)
CECT assessment DUL assessment

Negative Positive Equivocal Limited Total
Negative 355 (76%) 0 (0%) 1(0.2%) 97 (21%) 453 (97%)
Positive 0(0%) 3 (0.6%) 0 (0%) 1(0.2%) 4(0.9%)
Missed or underreported 0 (0%) 0 (0%) 0 (0%) 0 (0%) 0 (0%)
False positive 0 (0%) 0 (0%) 0 (0%) 0 (0%) 0 (0%)
Equivocal 9 (1.9%) 0 (0%) 0 (0%) 1(0.2%) 10 2.1%)
Limited 0 (0%) 1 (0%) 0 (0%) 0(0%) 1(0.2%)
Total 364 (78%) 4(0.9%) 1(0.2%) 99 (21%) 468 (100%)

Fig.2 Two patients with equivocal findings of thrombosis on CT and
a negative Doppler evaluation. In a 42-year-old man undergoing eval-
uation for nausea, vomiting, and weight loss, axial contrast-enhanced
CT (a) shows a filling defect in the main portal vein which confirmed
to be flow-related artifact on subsequent liver Doppler (b, ¢, arrows).

Similarly, axial contrast-enhanced CT image (d) in a 32-year-old
woman with endocarditis shows a filling defect in the right hepatic
vein (arrowhead), which also had no correlate on subsequent liver
Doppler (e, f, arrowheads), most consistent with flow artifact. Both
cases were classified as equivocal on CT and negative on Doppler
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(1.3%) patients with a missed or underreported PV throm-
bosis which was identified on DUL, 5 (83%) of which were
most likely chronic, as evidenced by the presence of cavern-
ous collaterals (N=1), occlusion by tumor (N =2), or occlu-
sion of a branch PV in the setting of a transjugular intrahe-
patic portosystemic shunt (N=2). Additionally, there were
4 (0.9%) patients with PV thrombosis reported on CECT
with a negative DUL, which were later classified as having
a false-positive CECT. Finally, there were multiple cases
(PV:N=11,2.4%;HV: N=1, 0.2%) in which CECT showed
thrombosis but the subsequent DUL was limited (Fig. 3).

Discussion

DUL is commonly performed at our institution in the acute
care setting shortly following CECT. In most patients,
DUL was duplicative and did not provide additional infor-
mation regarding the diagnosis of PV or HV thrombosis. A
small subset of 26 (5.6%) patients had equivocal findings
for PV or HV thrombosis on CECT, and among these DUL
was sufficient to make a confident diagnosis of positive or
negative in 18 (69%) patients. Additionally, there were 2
(0.4%) patients with PV or HV thrombosis on DUL fol-
lowing a CECT with limited PV or HV opacification, and

Fig.3 A 51-year-old man with
Crohn’s disease and primary
sclerosing cholangitis status
post orthotopic liver trans-
plantation three years earlier,
with extensive portomesenteric
thrombosis. Axial and coronal
contrast-enhanced CT images
(a, b, respectively) show a non-
occlusive thrombus within the
main portal vein (solid arrow)
and occlusive thrombosis of the
superior mesenteric vein and a
proximal jejunal branch (arrow-
heads). Note the associated
mesenteric edema (asterisks).
Contemporaneous grayscale
and color Doppler ultrasound
images (c, d, respectively)
show a patent distal portal vein
(dashed arrows). Evaluation of
the proximal portal vein was
limited by the extensive shad-
owing attributable to overlying
bowel (plus signs). This case
was classified as CT positive
and Doppler limited
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2 (0.4%) patients who developed interval PV thrombosis
between CECT and DUL. Thus, DUL may have a defined
role shortly following CECT in a small proportion of
patients (< 5%) with equivocal findings on CECT, limited
PV or HV opacification on CECT, or an acute change in
clinical status with suspected new thrombosis.

Specific mention of PV and HV patency is often not
explicitly described on CECT reports at our institution,
which may lead to uncertainty for the referring clinician
as to whether the PV and HV were adequately evaluated.
Specifically in the setting of PV thrombosis, there may
be a perception that DUL is more sensitive than CECT,
in part due to longstanding practice patterns and recom-
mendations in older literature [5, 7]. However, most recent
American Association for the Study of Liver Diseases
(AASLD) guidelines recommended CECT over DUL as
the initial test of choice for the diagnosis of acute PV
thrombosis [8]. CECT often provides superior evaluation
of the mesenteric veins, which may be difficult to visualize
with DUL. Additionally, CECT can simultaneously evalu-
ate for alternative or unsuspected diagnoses. In certain cir-
cumstances, such as those in which IV contrast cannot be
administered or the patient is unstable for transport to the
radiology department, DUL may be preferable over CECT.
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A prior study showed a high rate (i.e.,>40%) of repeat
abdominal imaging examinations a tertiary care hospital, in
particular in the ED and inpatient setting [9]. Our study was
not designed to assess the overall rate of DUL shortly after
CECT, which is likely substantially lower than repeat abdomi-
nal imaging in general. Regardless, it would be prudent to
implement strategies to reduce duplicative DUL at the time
the order is placed, such as clinical decision support tools and/
or best practice advisories [10, 11]. In practice, when we are
aware of these orders before the DUL is performed, we speak
directly with the referring provider after reviewing the CT to
determine if the clinical question can be adequately addressed
from the CT alone. Additionally, specific mention of PV and
HV patency on CECT reports, when adequately assessed, may
alleviate uncertainty on the part of the referring clinicians.

A small number of patients (N=13; 2.8%) had a missed
or underreported finding on CECT or a false-positive CECT,
most of which were reported as such on subsequent DUL.
Diagnostic errors in this context are likely more common
when a CECT is more complex (i.e., multiple important
findings), prior studies are not available for comparison, and
the clinical questions is unclear at the time of the interpreta-
tion [12]. Multiple studies have highlighted the added value
of ‘double reading’ in specific clinical scenarios [13, 14].
A request for DUL after recent CECT suggests a heighted
clinical suspicion for PV or HV thrombosis, and an opportu-
nity to carefully review of the original CECT for additional
or false-positive PV or HV findings.

Our data have multiple limitations, most notably in that
our imaging review did not include cases that were reported
as negative on CECT and negative or limited on DUL. It
is possible that our imaging review would have uncovered
additional missed or unreported CECT findings among those
with a limited DUL. Furthermore, some cases that were
reported as negative on CECT may have had underreported
equivocal findings and a negative DUL, underestimating the
added value of DUL after CECT. Additionally, DUL images
are representative, and retrospective review is not a reliable
substitute for real-time evaluation. Next, we used PV or HV
thrombosis as the endpoint rather than a specific clinical
outcome or a change in patient management, such as deci-
sion to treat with anticoagulation. Finally, we assessed for
PV or HV thrombosis in a binary fashion and did not assess
for progression (i.e., non-occlusive to occlusive) or propaga-
tion, which may have been the DUL indication in many of
the DUL studies after a positive CECT.

Conclusion
DUL after CECT added diagnostic value for PV and HV

thrombosis in less than 5% of patients, which included
those with equivocal findings on CECT, and few with

limited opacification of the PV or HV on CECT or inter-
val PV thrombosis. DUL may have a defined role in the
period shortly following CECT as a problem-solving tool
after equivocal CECT or the setting of an acute change in
clinical status and suspected new thrombosis.

Specific mention of PV and HV patency, when adequately
assessed, may reduce uncertainty for referring clinicians and
result in fewer requests for DUL after CECT. A small num-
ber of CECT have false-positive or missed or underreported
findings, and a careful review of the original CECT should
be performed if DUL is requested.
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