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Abstract

Our main goal with this study was to share our off-label experience with CEUS for identifying
circulatory complications after liver transplantation in children. 74 CEUS exams performed on 34
pediatric patients who underwent a liver transplant were retrospectively included. 53% of the exams
were performed on children 2 yrs. old or younger. 82% of the exams where performed within 30
days from the transplant. 62% of patients were transplanted due to a cholestatic disease, 11% due to
a metabolic disease, 8 % were re-transplanted due to graft failure and 19% was due to other
conditions. BA was the most common reason for transplantation and represented 38% of patients.
38 % of the transplantations were performed with whole grafts from DD, 40% with split liver grafts,
and 22% with left lateral segments from LD. For diagnosing arterial circulatory complications, the PPV
was 80 %. For diagnosing portal vein circulatory complications, the PPV was 66.7%. NPV was 100%. In
28% of the exams the examiner could not visualize the normal arterial blood flow without CEUS.
CEUS is a non-invasive and safe imaging technique that seems valuable in these patients and further
efforts are needed to license its use in the post-transplant setting.”
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* Abbreviations: CEUS, contrast-enhanced ultrasound; BA, biliary atresia, DD, deceased donor; LD, living donor;
PPV, positive predictive value; NPV, negative predictive value.



Introduction

Orthotopic liver transplantation (OLT) is life saving for patients with end stage liver disease.
Complications can occur at any moment but are most common in the first postoperative weeks.
Some of the most feared complication are the vascular complications, such as bleeding, stenosis and
thrombosis. They can arise from any of the vascular anastomoses created during surgery and are
especially feared in pediatric OLT’s as they can have immediate and devastating effects on both
patient- and graft survival (1-3)

Ultrasound (US) with Doppler capability is usually the primary imaging technique used by the
radiologist for identification of vascular complications - particularly in the early postoperative period
due to its portable, fast, non-radioactive and noninvasive nature. It can be used to reveal the
parenchymal appearance of the liver graft, the structure of blood vessels and perihepatic conditions.
Additionally, Doppler ultrasound can evaluate the hemodynamics including patency, direction, and
velocity of the blood flow (4—6)

The diagnostic capabilities of US can be further expanded using an intravenously (i.v) administered
microbubble contrast agent. In the post liver transplant setting, contrast-enhanced ultrasound
(CEUS) can be used to assess microcirculation and perfusion of the liver graft and facilitates
visualization of blood vessels, providing real-time angiographic-like images with high diagnostic
accuracy. (4,7-10)

In the adult population, official guidelines and recommendations have been issued for the use of
CEUS after transplantation (11). However, sulfur hexafluoride, is except for recently in the US (12),
not licensed for use in children (13), and therefore it is used off-label. Nevertheless, as in the adult
population, recommendations for the pediatric population are in fact in place (14). A recently
published review concludes that CEUS can confidently detect important postoperative complications
in the pediatric liver transplantation population (15).

In our institution, it is a standard protocol to have a radiologist perform a bedside Doppler
ultrasound within the first 24 postoperative hours. Doppler ultrasound is also the modality of choice
when it comes to the outpatient standard follow up exams. Sulfur hexafluoride microbubbles are
administered and a CEUS is performed at the discretion of the radiologist.

This retrospective study was conducted to outline our experience regarding the circulatory
evaluation of pediatric patients post liver transplantation using sulfur hexafluoride CEUS.



Materials and Methods

Using the hospital’s RIS, we retrieved all records of 10681 exams on patients aged less than 18 years
who underwent any US investigation during 2004—-2014, at the Department of Radiology, Karolinska
University Hospital, Huddinge. We then identified those who underwent an abdominal CEUS using
sulfur hexafluoride. Of these, all exams performed on a transplanted liver with “circulatory status” as
its primary focus were selected. In addition to the contrast images, all exams included both greyscale
imaging as well as color Doppler imaging of the region of interest.

Data regarding patient weight, height, and administered contrast dose were also collected. Sulfur
hexafluoride is delivered in 5 mL vials and the recommended standard dose for adults is 2,4mL. The
standard dosage for pediatric patients in our institution is to administer 0.1 mL/kg body weight, up to
24 kg. Patients weighing 24 kg or more are given the full dose of 2.4 mL. When needed, repeated
doses were given.

Electronic patient charts were used to verify the indication for the exam, the outcome of the exam
and any action taken in response to that outcome.

For calculation of the positive predictive value (PPV) our reference was the transplant surgeon’s
diagnosis per-operatively since all clinically significant true positive findings result in emergency
surgery after the exam. The patient not needing surgery for vascular complications within 30 days
from the transplantation served as the reference for calculating the negative predictive value (NPV).

The institutional review board approved this study.

Results

Between January 1, 2004 and December 31, 2014, 74 CEUS exams with “circulatory status” as its
focus were performed on transplanted livers on 34 patients (Table 1). Three of these patients were
re-transplanted due to serious complications. Hence, 37 pediatric liver transplantations were studied.
The majority of the CEUS exams, 57 (57/74; 77%), were performed within the first 14 days post-
transplant, 61 (61/74; 82%) were performed within the first 30 days post-transplant. The majority of
the late follow up exams did not require CEUS, but some did, and these represent the remaining 13
(13/74; 18%).

The main indications for the postoperative exams were evaluation of vascular patency and
complications, graft perfusion and identification of necrotic areas as well as the evaluation of post-
operative complications such as fluid collections suggestive of biliary leak or hemorrhage. It should
be noted that a large portion of the exams were performed on very young and small patients (Table
1).

(TABLE 1)



(FIGURE 1)

Biliary atresia was the most common cause for transplantation. The relative frequency of the
different pre-transplant diagnoses (figure 1) was in proportion with current statistics from the
European Liver Transplant Registry (ELTR) (16).

(TABLE 2)

As seen in table 2, three of 37 patients (8%) in the “cholestatic condition” group had either an arterial
or a portal vein problem. The same was true for one patient (3%) in the “other” group.

The total arterial and portal venous complication rate was 11% (4/37) and 5% (2/37) respectively.
Two of the arterial complications were attributed to HAT which represented 5% (2/37). One of the
venous complications were due to PVT which represented 3% (1/37). Initially one additional case of
arterial complication and one case of portal venous complication was reported on CEUS, but both
were considered false positives (see cases 5 & 6 in “Case descriptions”)



Case descriptions

Four patients had no hepatic arterial circulation. Of these, two also lacked portal vein circulation.
Another patient was reported to have no arterial circulation on CEUS but turned out to be a false
positive. Furthermore, 1 patient was reported to have reduced portal vein circulation. This case also
turned out to be a false positive. Here we present a short description of the specific circumstances
around each of these 6 patients.

Case 1: A 9-year-old girl with hepatopulmonary syndrome related to Adams-Oliver syndrome in
stable condition preoperatively who received a whole liver from a deceased donor. During surgery
the hepatic artery was spastic and arterial flow severely reduced. Portal flow was normal. On the 1%
postoperative day the routinely performed CEUS reported absent arterial as well as portal vein
circulation. The patient went to emergency surgery where the diagnosis of HAT and PVT was
confirmed. However, the circulation could not be restored and a transplantectomy had to be
performed. The patient was urgently relisted on the transplant list and after a few days was
retransplanted.

Case 2: A 1-year old boy with Alagille’s syndrome in stable condition preoperatively who received a
left lateral segment from a split liver. During surgery both arterial and portal venous circulation was
normal, however no bile production was seen during surgery which was a concern. The first
postoperative period was relatively uncomplicated and routinely performed US exams including a
CEUS on the third postoperative day where all normal. Clinically the patient deteriorated and a HAT
was suspected. Therefore, an urgent CEUS exam was requested. On the 5™ postoperative day the
CEUS reported that there was no hepatic arterial circulation. The patient went to emergency surgery
where the diagnosis of HAT was confirmed. The liver- graft recovered well after reperfusion per-
operatively

Case 3: An 8-month-old girl with biliary atresia in stable condition preoperatively who received a left
lateral segment from a living donor. Surgery was complicated by the fact that the portal vein kept
becoming obstructed due to recipient portal malformation. Therefore, a venous jumpgraft was used
to obtain adequate portal flow. A routine US exam was performed a few hours post-operatively
which reported no circulatory abnormalities. Due to clinical deterioration of the patient an urgent
CEUS was requested on the first post-operative day. The CEUS reported absent arterial as well as
portal vein circulation as well as complete absence of liver perfusion. The patient went to emergency
surgery and there the absence of arterial and portal vein flow was confirmed. However, no
thrombosis was found. 6 hours later a hepatectomy had to be performed due to complete graft
failure and the patient was listed for urgent re-transplantation.

Case 4: A 7-month-old girl with biliary atresia in stable condition preoperatively who received a left
lateral segment from a living donor. During the surgery they did not manage to attain adequate
arterial circulation but were obligated to accept the situation at the time. The immediate
postoperative period was complicated with several medical issues. On the 2" postoperative day the
CEUS reported that there still was no hepatic artery circulation. Several US exams were performed
before and after the CEUS exam and neither showed intrahepatic arterial circulation. Due to the
good hepatic status of the patient, no immediate actions were taken. On the 6™ postoperative day,
due to clinical deterioration of the patient, an urgent US exam was performed where neither arterial,
nor portal vein blood flow could be detected. The patient went to emergency surgery where neither



a HAT nor a PVT could be confirmed, nonetheless no circulation could be achieved and complete
graft failure was apparent. Consequentially the liver had to be extracted. The patient was urgently re-
listed on the transplant list.

Case 5: a 13-year-old boy with Progressive familial intrahepatic cholestasis type 1 in stable condition
preoperatively who received a left segment from a living donor. The surgery was without
complication. A CEUS on the 1% postoperative day showed no circulatory issue. Several routine US
exams were performed during the first week post-surgery all of which showed normal circulatory
status. On the 8" postoperative day a routine CEUS was performed which reported reduced
intrahepatic portal blood flow. The same day the patient underwent a multiphase CT of the liver
which showed normal portal circulation. The patient did not require surgery and was later discharged
from the hospital in good health. This case is considered a false positive.

Case 6: An 8-month-old boy with Alfa-1-antitrypsin deficiency in stable condition preoperatively who
received a left lateral segment from a split liver. During surgery, no biliary production was seen but
no other complication occurred. The postoperative period was complicated. On the 9" postoperative
day the patient underwent surgery due to a bile leak. On the 11" postoperative day a CEUS reported
that there was no intrahepatic arterial circulation. Additionally, the report said that there was a large
fluid accumulation adjacent to the liver. The patient went to surgery that same day to explore the
reason for the fluid accumulation. No additional bile leak was found and serous fluid was removed.
Oddly enough no mention of the circulatory status of the liver graft could be found in the hospital
charts and no additional exams where performed to visualize the arterial circulation. Three days later
a non-contrast US was performed and no circulatory issue could be found. The patient did not need
any further surgery after this. The case was considered a false positive.

Positive and negative predictive values

For diagnosing arterial circulatory complications, the PPV was 80 %, with one false positive result and
four true positive results. For diagnosing portal vein circulatory complications, the PPV was 66.7%
with one false positive and two true positives. For diagnosing any arterial or portal vein circulatory
issue the PPV was 75%. CEUS exams that found perfusion issues only and no other circulatory
pathology were not perceived as serious enough and no specific action to correct the finding was
deemed necessary from the transplantation surgeons.

The NPV was 100% and no patients without arterial or portal vein circulatory issue on CEUS needed
surgery within the first 30 days after transplantation.

(TABLE 3)

As showed in table 3, in 28% of the exams the radiologist could not visualize the normal arterial
blood flow without CEUS.



Discussion

Clearly and accurately visualizing flow or absence thereof, in arteries as thin as 2mm in diameter can
be very challenging. However, it is extremely important, especially in the immediate post-operative
setting, and the physician in charge of the exam needs all the help she/he can get. If this help comes
in a safe, reliable and fast package it is even better. In our experience CEUS fits this description
perfectly.

Our study was done with the aim of adding to the growing knowledge regarding the relatively rare
pediatric use of CEUS in liver transplantation.

The most common vascular complications after OLT’s are hepatic artery thrombosis (HAT) and portal
vein thrombosis (PVT). HAT is reported to complicate 0-19% of OLTs and is generally more frequent
after pediatric liver transplantation than after adult transplantation (1,2,17-20) PVT complicates 2-
17% of OLTs and this complication too is seen more frequently in the pediatric population
(1,2,17,19).

Our results suggest a complication rate that is in accordance with these other studies. However, it
must be noted that we only have data on patients who performed a CEUS post transplantation,
meaning that a potentially significant portion of transplantations are not included in our numbers.

In general, the use of CEUS for post liver transplantation evaluation is documented in a number of
original studies and reviews on adult patients. For instance, in one prospective study published in
2006 (4), sensitivity, specificity, and diagnostic accuracy for correctly identifying vascular
complications following liver transplantation were 91.3%, 100%, and 91.5%, respectively for Doppler
US alone. When performing a CEUS - sensitivity, specificity, and accuracy were all 100%.

Other studies showed that PPV and NPV ranged between 77-92.9% and 99-100 % respectively for
hepatic artery complications (6,7). No studies presenting equivalent results for portal vein
complications are available. The notion that CEUS is useful in diagnosing vascular complications
following liver transplants is in concordance with several other studies where CEUS is shown to
surpass conventional US in that regard (6,8,21-25).

As mentioned above, none of the aforementioned studies were performed specifically on pediatric
patients. However, the European federation of societies for ultrasound in medicine and biology
(EFSUMB) guidelines and recommendations document from 2016 (14) states - “The application of
CEUS in the child following transplantation is likely to be similar to the adult, with vascular patency,
areas of necrosis, assessment of new focal lesions and the assessment of postoperative
complications (e.g. fluid collections) most likely the areas of use”.

Our experience so far shows this statement to be valid and our results regarding PPV and NPV for
hepatic artery complications using CEUS are in concordance with the adult literature.

Our choice of reference for the calculation of PPV and NPV was a pragmatic one. We defined a true
positive as a patient needing surgery for the vascular complication confirmed by the CEUS. On the
other hand, a patient not needing surgery within 30 days from the transplant was defined as a true
negative. These definitions are in line with the clinical reality of post-transplant evaluation of
patients, where relevant CEUS findings, with associated clinical correlation, are acted upon



operatively without any additional diagnostics such as catheter angiography or multiphase contrast
CT. Additional diagnostics may be used when the CEUS finding is in discord with the patient’s clinical
status to confirm or disconfirm the finding.

Although the use of CEUS in children has its place in the post liver-transplantation setting, the off-
label status associated with its use, interferes with its wider acceptance. In Sweden and in the rest of
Europe none of the available US contrast agents have been licensed for intravenous (i.v) use in
children under the age of 18 years. This can sometimes be problematic and cause some
apprehension among health care personnel. Notwithstanding, the use of off-label drugs in pediatric
practice is well known and widespread (26—28). A recent report from the department of health and
food safety of the European Commission (29) provides a comprehensive analysis on the current
status of off-label drugs in Europe. They report a prevalence of in-hospital use of off-label drugs in
children ranging between 13-69%, depending on the definition of off-label, which specific drugs were
studied and the age of the patients.

This report highlights the poor correlation between the actual use of a drug and its licensing status.
Pediatricians order these drugs because they are important tools in diagnosing and treating many
diseases and symptoms and have proven their place in the care of pediatric patients through gained
experience and careful clinical evaluation. Support for the use of CEUS in both adults and in children,
in a multitude of settings can also be found in various reports (14,30-35). When considering the
alternative imaging options as CT or MRI, CEUS proves to be as safe or safer (36—39).

Diagnostic qualities and safety aside, CEUS exams have been shown to have much shorter exam
times in comparison with conventional Doppler US (4,40). This is very important in pediatric
radiology, where exam times and patient compliance are directly correlated. A single center study
(40) suggested that, aside from being safe and accurate, CEUS avoided a great number of CT and/or
MRI exams thus saving the institution money and resources, as well as avoiding the risks associated
with above mentioned exams.

The strengths of our study are that we present a relatively large number of patients and that we have
detailed information regarding the graft and the recipient through our electronic patient chart. All
transplants and postoperative care, as well as follow up of these patients take place in our
institution. The limitations of our study, on the other hand, are mainly concerned with the
retrospective nature of our study. We have no control of the documentation and no possibility to
standardize the examination and reporting.

Our data suggest CEUS to be an efficient, accurate and safe diagnostic method for detecting
postoperative vascular complications after liver transplantation in the pediatric population. We
especially see its potential use as a “problem solver”, and a viable alternative to other diagnostic
methods in inconclusive or difficult cases.

In conclusion, concerted efforts are needed to achieve official licensing in order to facilitate the use
of pediatric CEUS.
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Figure Legends

Figure 1. " Cause for liver disease leading to transplantation presented by frequency.



Table 1. Anthropometric data for performed exams, sorted and grouped by patients age. '

Age (Years) 0.0-1.0 1.1-2.0 2.1-7.0 7.1-12.0 12.1-17.9
Number of 28 (38%) 11 (15%) 10 (13%) 6 (8%) 19 (26%)
exams

Age Average 0.8 1.5 4.4 9.3 14.4

(Yrs)

Age Median 0.8 1.3 4.1 9.1 13.8

(Yrs)

Age Range 0.6-1.0 1.2-1.9 2.8-6.8 8.8-10.0 12.6-17.1
(yrs)

Female 17 (61%) 6 (55%) 3 (30%) 3 (50%) 7 (37%)
Male 11 (39%) 5 (45%) 7 (70%) 3 (50%) 12 (63%)
Height 66.3 (n=25) 78.3 (n=11) 95.1 (n=10) 137.5 (n=6) 156.8 (n=19)
Average (cm)

Height 66 (n=25) 78 (n=11) 90 (n=10) 138 (n=6) 155 (n=19)
Median (cm)

Height Range | 63-73 (n=25) | 76-83 (n=11) | 83-124 (n=10) | 114-150 (n=6) | 124-175
(cm) (n=19)
Weight 7.8 (n=25) 10.5 (n=11) 14.7 (n=10) 34.0 (n=6) 47.4 (n=19)
Average (Kg)

Weight 8 (n=25) 11 (n=11) 13 (n=10) 38 (n=6) 45 (n=19)
Median (Kg)

Weight 6-10 (n=25) 9-13 (n=11) 11-23 (n=10) | 22-41 (n=6) 27-72 (n=19)
Range(Kg)

Dose Average | 0.5(n=18) 0.81 (n=9) 0.84 (n=7) 2 (n=3) 56.8 (n=17)
(ml)

Dose Median | 0.35(n=18) 1 (n=9) 1 (n=7) 2.4 (n=3) 2.4 (n=17)
(ml)

Dose Range 0.2-2.0 0.4-1.1 (n=9) | 0.3-1.3(n=7) | 1.2-2.4 (n=3) | 1.2-5(n=17)
(ml) (n=18)

" Number of data points available for calculation are presented as (n=x). Variations in these numbers are due to

missing data.




Figure 1 — Pre-transplant diagnosis per patient”.
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Table 2- Cause for transplantation in relation to transplantation technique and in relation to

confirmed vascular complications within 30 days from surgery.

Cause for Cholestatic | Metabolic | Re- Other §
transplantation condition ¥ | Disease ¥ | transplantation
due to graft
failure

No. of patients | 37 total 23 (62%) 4 (11%) 3 (8%) 7 (19%)
Transplantation | Diseased 10 (44%) 2 (50%) 0 3 (43%)
technique Donor (DD),

split liver

DD, whole 7 (30%) 2 (50%) 1 (33%) 4 (57%)

liver

Living Donor | 6 (26%) 0 2 (67%) 0

(left lateral

segment)
Circulatory No 17 (74%) 4 (100%) 2 (67%) 6 (86%)
status circulatory

problem

Arterial 21 (9%) 0 0 0

problem

Arterial and 1 (4%) 0 0 1 (14%)

portal vein

problem

Portal vein 0 0 0 0

problem

Perfusion 41 (17%) 0 1(33%) 0

problem

1 One patient had both an arterial and perfusion problem.

tBiliary Atresia, Alagille syndrome, Primary sclerosing cholangitis, Progressive Familial Intrahepatic
Cholestasis, Intrahepatic cholestasis of unknown origin, $Alfa-1- antitrypsin deficiency, Cystic
Fibrosis, Primary hyperoxaluria, Crigler-Najjar syndrome, §Caroli syndrome, Cryptogenic cirrhosis,
Fulminant hepatic failure, Hepatitis C, Hepatopulmonary syndrome related to Adams-Oliver
syndrome



Table 3- Added diagnostic value of CEUS (per exam)

Diagnostic value of CEUS N - number of exams
No added value other than visualization of perfusion 46 (62%)

CEUS required for visualization of normal hepatic artery blood flow 21 (28%)

CEUS required for visualization of normal portal vein blood flow. 3 (4%)

CEUS used for verification of absent arterial and/or portal blood flow | 4 (5%)




