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Abstract

sub-analyzed.

Objective After liver transplant (LT), many investigations are needed to evaluate abnormal liver function test (LFT),
which has poor specificity for graft function and complication. A single center retrospective audit of all adult single
organ LT from 1/1/2015 to 31/12/2017 was performed. Demographic, clinical and investigation data from the LT
database and electronic medical records and cost data from the hospital’s Business Intelligence Unit were analyzed.
Patients were classified into uncomplicated or complicated LFT by 2 independent investigators and the number, type,
and cost of investigations in the first 30 post-operative days were analyzed. Investigations prior to liver biopsy was

Results There was 170 LT with 87 cases of uncomplicated LFT (51.2%) and 83 cases of complicated LFT (48.8%). Most
patients with complicated LFT had additional investigations (97.6%), most commonly cholangiogram (55.4%) and
liver biopsy (LBx) (50.6%). The additional investigations cost was $1863.3 (95% Cl 1289.0-2437.6). Although most LBx
(73.8%) showed evidence of rejection, LBx was often not the initial investigation of choice. Current LFT based post-
transplant monitoring is inefficient. It remains difficult to determine which patient will benefit from an early invasive
procedure like LBx, using LFT alone without further imaging investigations.

Keywords Liver transplantation, Health economics, Liver function tests

Introduction

Liver function tests (LFTs) are the cornerstone of post liver
transplant monitoring. However, while LFTs are highly
sensitive, they are a poorly specific metric for assessing
postoperative graft function and complications [1, 2]. LFT
derangement post transplant is traditionally investigated
with various imaging modalities, including ultrasound (US),
computer tomography (CT) or MRI (magnetic resonance
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imaging), as well as more invasive modalities such as endo-
scopic retrograde cholangio-pancreatography (ERCP), per-
cutaneous cholangiography or percutaneous liver biopsy
(LBx). This escalating pattern of numerous imaging modali-
ties being undertaken to diagnose graft function frequently
results in a significant delay of a definitive diagnosis and
subsequent therapeutic intervention. In an era of fiscally
constrained healthcare resources and emergent low-cost
biomarkers, defining the patterns of investigations following
LFTs derangement, and their associated economic costs, is
an urgent requirement for efficient and cost-effective man-
agement of LT and its complications.

Main text

Methods

We conducted a single center (Austin Health, Melbourne,
Australia) retrospective audit of consecutive adult
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patients (age greater 18 years) undergoing single-organ
liver transplantation (LT) between 1 January 2015 and
31 December 2017. Multi-visceral transplants, combined
liver-kidney transplants, and redo LT within 30 days of
the index transplant were excluded because LFTs in this
setting are not comparable. The study was approved
by Austin Health Human Research Ethics Committee
(LNR/18/Austin/107) and a waiver of participant consent
was granted. The primary objective was to determine the
number, type, and cost of additional investigations for
LFTs derangements in the first 30 post-operative days.

Baseline patient variables, clinical indications, opera-
tive details, and results of investigations were collected
from the LT unit database and the hospital’s electronic
medical records. Additional investigations were pre-
specified and included ultrasound abdomen (US), US
doppler abdomen 4 days after LT, computed tomogra-
phy abdomen pelvis (CTAP), magnetic retrograde chol-
angio-pancreatography (MRCP), endoscopic retrograde
cholangio-pancreatography (ERCP), liver biopsy (LBx)
and cholangiogram. The costs in Australian dollars of
additional investigations were collected from the hos-
pital’s Business Intelligence Unit. The cost of LBx com-
prised the procedural costs as well as the cost of histology
examination and immunochemistry staining. The cost
of ERCP comprised the procedural cost and associated
operating theatre times and expenses.

Patients were classified into uncomplicated or com-
plicated LFTs by 2 independent investigators, who were
blinded to the results of other investigations. Uncom-
plicated LFTs was defined as an LFT that followed the
expected postoperative course. This included serum ala-
nine transaminases (ALT) reaching a peak approximately
2 days after LT and trending down thereafter, and serum
alkaline phosphatase (ALP) and gamma-glutamyltrans-
ferase (GGT) peaking approximately 7 to 10 days after LT
and trending down thereafter (see Additional file 1: Fig-
ure S1A) [3]. Complicated LFTs was defined as an LFT
that did not follow the expected postoperative course
(see Additional file 1: Figure S1B). Rejection was graded
using the Rejection Activity Index (RAI). Any differences
were then reconciled between the two investigators.
The number, type, and cost of additional investigations
between the uncomplicated versus the complicated LFT
group were analyzed. Additional investigations prior to
LBx were sub-analyzed.

Statistical analysis

Continuous variables were expressed as means and
standard deviations. Categorical variables were expressed
as counts and percentages. One-way analyses of variance
and independent Student’s ¢ tests were used to compare
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continuous variables, while Pearson’s chi-squared test
or Fisher’s exact test were used to compare categori-
cal variables. The study was reported according to The
Strengthening the Reporting of Observational Studies in
Epidemiology (STROBE) guidelines [4].

Results

170 LTs were analyzed, of which 87 (51.2%) had uncom-
plicated LFTs and 83 (48.8%) had complicated LFTs (see
Additional file 1: Figure S2). There were no statistically
significant differences observed in the baseline character-
istics of patients with uncomplicated versus complicated
LFTs (see Additional file 1: Table S1).

The number of investigations performed was higher in
patients with a complicated LFTs than in patients with
an uncomplicated LFTs (see Additional file 1: Figure S3).
There was a significant correlation between complicated
LFTs and number of investigations, p-value <0.001. Fifty-
four percent of patients with an uncomplicated LFTs
had no additional investigations, 24.1% had one postop-
erative investigation, 14.9% had two and 6.9% of patients
had three additional investigations. In comparison,
97.6% of patients with a complicated LFTs had additional
investigations.

The types of additional investigations performed
are shown in Fig. 1. There was a significant association
between patients with complicated LFTs and multi-
ple repeated investigations of the same imaging modal-
ity (p-values<0.01). The three most common additional
investigations in the complicated LFT group were chol-
angiogram (55.4%), LBx (50.6%) and US Doppler beyond
4 days (47.0%). All cholangiograms performed were tube
cholangiograms except one.

Liver biopsy sub-analysis

In this group, 53 LBxes were performed in 48 patients.
Of these, 43 patients had one LBx, while five had two
procedures. The majority of LBxes occurred in patients
with a complicated LFT (n=42, 87.5%); patients with
an uncomplicated LFT rarely had LBxes (n=6). All five
patients who had two LBxes belonged to the complicated
LFT group. The median time to LBx was 9 days (inter-
quartile range =7-14).

The LBxes of all patients who had a complicated LFT
were preceded by additional investigations. Approxi-
mately half had one additional investigation (n=19,
45.2%) while the rest had two (n=15, 35.7%), three
(n=5, 11.9%) or four additional investigations (n=3,
7.1%). The type of additional investigation performed for
patients with complicated LFTs prior to LBx is shown
in Fig. 2. The three most common investigations were
tube cholangiogram (57.1%), US Doppler beyond 4 days
(40.5%) and CTAP (35.7%).
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Types of investigations in uncomplicated versus complicated liver function test (LFT) groups,
stratified by the number of times each type of investigation was repeated

Number of investigations per patient
45 |Uncomplicated LFT: m1 m2 m3 m4 =5 6
Complicated LFT: m1 m2 m3 =4 =5 6

3 (4%) 15 (18%)

- 8 (10%) 2 (2%)
B
42 8(10%)
9
=1
©
[
6 20
1] 37 (45%)
£
15 30 (36%)

2 28 (34%)

23 (28%)

10 20 (24%) 19 (22%)
S8ex) 12 (15%
CYl 10 (12%) (15%)
4(5%)
0
US Doppler US abdomen CTAP MRCP ERCP LBx Cholangiogram
outside 4 days

Fig. 1 Comparison of the types of investigations in uncomplicated versus complicated liver function test (LFT) groups, stratified by the number
of times each type of investigation was repeated. US ultrasound, CTAP computed tomography abdomen pelvis, MRCP magnetic resonance
cholangio-pancreatography, ERCP endoscopic retrograde cholangio-pancreatography, LBx liver biopsy

Types of additional investigations in complicated LFT group prior to liver biopsy,
stratified by number of times each type of investigation was repeated
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Fig. 2 Types of additional investigations in the complicated liver function test (LFT) group prior to liver biopsy, stratified by the number of
times each type of investigation was repeated. US ultrasound, CTAP computed tomography abdomen pelvis, MRCP magnetic resonance
cholangio-pancreatography, ERCP endoscopic retrograde cholangio-pancreatography
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The majority of the LBx demonstrated evidence of
rejection. Of the patients who had a LBx in the uncom-
plicated LFT group (n=6), five had biopsy-proven rejec-
tions — one variant cellular rejection, two mild rejections
(RAI 3-4), one moderate rejection (RAI 5-6) and one
severe rejection (RAI 7-8)—and the LBx of one patient
showed no rejection, only ischemia-reperfusion injury.
The clinical characteristic and LFT profile of these six
patients are presented in Additional file 1: Figure S4. Of
the patients who had LBx in the complicated LFT group
(n=42), 31 had biopsy-proven rejections: one humoral
rejection, 12 mild rejections (RAI 3-4), 13 moder-
ate rejections (RAI 5-6) and five severe rejections (RAI
7-9). The remaining 11 patients in this group showed
no evidence of rejection. For patients who did not have
a biopsy-proven rejection in the complicated LFT group
(n=52), the cause of LFT derangement was identified as
vascular-related (n=3), biliary-related (n=10), sepsis
(n=38), graft-related (n=3), ischemia—reperfusion (n=>5)
and small bowel obstruction (n=2). Several patients had
multiple reasons for LFT derangement within the first
30 postoperative days (#=2). A definitive cause was not
identified in the remaining 21 patients.

Cost analysis

The costs of each additional investigation were: US
abdominal Doppler, $240.2 (SD=16.3); US abdominal,
$158.9 (SD=12.4); CTAP, $652.0 (SD=44.7); MRCP,
$583.2 (SD=46.1); ERCP, $4265.3 (SD=1669.4); ultra-
sound-guided LBx, $634.2 (§D=315.0); and T-tube chol-
angiogram, $108.4 (SD=9.1).

Comparing the uncomplicated and complicated LFT
groups, the mean costs of additional investigation were
$2255.2 (SD=2509.5) in the complicated LFT group and
$391.8 (SD=828.9) in the uncomplicated LFT group. Patients
with complicated LFTs cost $1863.3 more to investigate than
those with uncomplicated LFTs (95% CI [1289.0-2437.6],
p<0.001). The cost difference (per patient) between patients
with uncomplicated and complicated LFTs, stratified by
investigation modality, is shown in Table 1.

In patients with complicated LFT pattern, the mean
cost of the additional investigations were $2710.8
(§D=2344.2) in patients with biopsy-proven rejections,
$2498.4 (SD=3059.7) in patients with a biopsy not show-
ing rejection, and $1845.4 (SD=2469.5) in those with-
out liver biopsy (p=0.33). The mean cost of additional
investigation prior to LBx in patients with a complicated
LFT was $703.2 (§SD=955.9) with no statistical difference
observed in the cost of additional investigation prior to
LBx between those with biopsy-proven rejection ($795.8,
SD=1083.0) and those with a biopsy not showing rejec-
tion ($442.2, SD=355.0, p=0.12).
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Table 1 Mean per-patient cost difference between complicated
liver function test (LFT) versus uncomplicated LFT groups,
stratified by investigation modality

Difference between
groups Mean $ (95% Cl)

Investigation modality

US doppler outside 4 days 926 (34.9-1504) 0.003
CTAP 3279 (174.7-481.0) <0.001
MRCP 1284 (56.9-200.0) <0.001
ERCP 929.7 (416.9-1442.5) <0.001
LBx 3154 (2246 406.1) <0.001
Cholangiogram 63.3 (40.1-86.5) <0.001

US ultrasound, CTAP computed tomography abdomen pelvis, MRCP magnetic
resonance cholangio-pancreatography, ERCP endoscopic retrograde cholangio-
pancreatography, LBx liver biopsy

Besides additional investigations, patients with a com-
plicated LFT also required longer intensive care (6.9 days
cf. 4.2 days, p=0.01) and a longer acute ward stays
(25.8 days cf. 16.2 days, p<0.001).

Discussion

In this study, we quantified the number, type, and cost
of additional investigations in patients undergoing LT.
LFT is necessary for post-transplant monitoring. How-
ever, LFT is not sufficiently specific for distinguishing
rejections from other complications. The study found
that most patients with rejections, were not investigated
with liver biopsy first, instead, they were investigated
with other imaging modalities first. It remains difficult to
determine which patient will benefit from an early LBx,
using LFT alone. While there is no statistically signifi-
cant difference in costs when stratified by biopsy results,
the mean cost of additional investigation prior to LBx in
patients with a complicated LFT was $703.2 (SD=955.9).
There is a need for more streamlined and evidence-based
pathways for the investigations of LFT derangement
post-transplant.

Several approaches to optimize post-transplant moni-
toring exist. In the past, aggressive protocol LBx at prede-
fined timepoints irrespective of LFT has been proposed
[5]. It has been argued that an LBx, whether driven by
LFT derangement or not, can provide information addi-
tional to LFTs and imaging, which can help direct patient
care [5]. However, the aggressive use of LBx to work up
abnormal LFTs has not gained widespread acceptance
due to its invasive nature and the risk of bleeding, infec-
tion, biliary leak, viscera injury and sampling error [5]. To
balance the risks and benefits of LBx, most institutions,
including ours, rarely perform LBx as an initial additional
investigation for an abnormal LFT. Instead, we first per-
form less-invasive additional investigations, such as a US
Doppler or cholangiogram, before a LBx. However, our
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study has demonstrated that this process can be further
optimized. The key issue remains with patient selection—
as an LFT is poorly specific, it is difficult to determine,
without unnecessary imaging, which patient will benefit
from an early LBx.

Another approach to streamline post-transplant moni-
toring is micro-analysis of LFT markers. However, it
remains controversial if any one specific liver enzymes
can be used to predict complications such as rejection,
with a degree of specificity sufficiently high to guide diag-
nostic and therapeutic decision. Existing studies reported
mixed and varied outcome on this approach. Most stud-
ies concluded that individual LFT markers although at
times correlated with complication outcomes, it ulti-
mately still lacks the required specificity to significantly
alter post-transplant monitoring [1, 2, 6-10]. Conse-
quently, there are no consensus society guidelines that
propose investigation choices based solely on a specific
LFT marker.

Recently, novel biomarkers such as donor cell free DNA
(ddcfDNA) are being investigated in hope of streamlin-
ing post-transplant monitoring. A recent study, ddcfDNA
had significantly better diagnostic performance than
LFTs in detecting biopsy-proven rejection (98.8% ver-
sus ALT, 85.7%; ALP, 66.4%; GGT, 80.1%; and bilirubin
35.4%) [11]. Similar results have been reported in other
international studies [12]. These early results showed that
novel biomarkers may help discriminate between rejec-
tion-related and other pathology-related LFT derange-
ment to guide investigations choices. However, novel
biomarkers are still in their nascent phase of research
and development. They cannot be used to distinguish
between different LT complications without additional
investigations. While it may have the potential to help
choose which additional investigations, further prospec-
tive studies are still required to evaluate their diagnostic
performances.

Limitations

Our study is limited by its retrospective observational
design and small patient numbers. As a single center
study, our findings may also not be generalizable to other
LT units in Australia and internationally. Finally, we
acknowledge that this is a descriptive audit and that we
have not investigated whether any of the biochemical test
performed predict post-transplant graft dysfunction.

Abbreviations

LT Liver transplantation
LFT Liver function test
LBx Liver biopsy

us Ultrasound

cT Computed tomography
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CTAP Computed tomography abdomen pelvis
MRI Magnetic resonance imaging

ERCP Endoscopic retrograde cholangio-pancreatography

MRCP Magnetic retrograde cholangio-pancreatography (MRCP)

STROBE  Strengthening the reporting of observational studies in
epidemiology

ALP Alkaline phosphatase

ALT Alanine aminotransferase

GGT Gamma-glutamyltransferase

UCLA University of california, los angeles

RAI Rejection activity index

ddcfDNA  Donor cell free deoxyribonucleic acid

MELD Model for end-stage liver disease

ETOH Ethanol

PSC Primary sclerosing cholangitis

NASH Non-alcoholic steatohepatitis

HCC Hepatocellular carcinoma

ACR Acute cellular rejection

RTT Return to theatre

HCV Hepatitis C virus

HBV Hepatitis B virus

al Confidence interval

SD Standard deviation
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Additional file 1: Figure S1. A is an example of an uncomplicated liver
function test (LFT) profile post-liver transplant, while B is an example

of a complicated LFT profile post-liver transplant. ALP: alkaline phos-
phatase; ALT: alanine aminotransferase; GGT: gamma-glutamyltransferase.
Figure S2. Flow chart of patient inclusion and exclusion from the study.
Figure S3. Comparison of the number of additional investigations in the
uncomplicated versus complicated liver function test (LFT) groups. Figure
S4. LFT profile and clinical characteristics of the six uncomplicated liver
function test (LFT) patients with liver biopsies (LBxes). ALP: alkaline phos-
phatase; ALT: alanine aminotransferase; GGT: gamma-glutamyltransferase,
LT: liver transplant; ETOH: ethanol; PSC: primary sclerosing cholangitis;
NASH: non-alcoholic steatohepatitis; HCC: hepatocellular carcinoma;
MRCP: magnetic resonance cholangio-pancreatography; ACR: acute cel-
lular rejection; RTT: return to theatre; HCV: hepatitis C virus; HBV: hepatitis
B virus. Table S1. Baseline characteristics of patients with uncomplicated
liver function tests versus complicated LFTs. MELD: model for end-stage
liver disease.

Acknowledgements
Not applicable.

Author contributions

Dr. DZL and Dr. NL are responsible for the study design, data collection, data
analysis and manuscript drafting and revision. Dr. LJ is responsible for assisting
with histological report of liver biopsies, specifically for Banff schema of grad-
ing of rejection. Dr. RM is responsible for data collection of direct financial cost
in his role at the Business Intelligence Unit at the Department of Finance. Prof.
RJ and Dr. AT are responsible for critical revision of manuscript. Prof. LW and
Prof. MV are joint supervising authors who advised on study design, data col-
lection, analysis and critical revision of manuscript for publication. All authors
read and approved the final manuscript.

Funding
The project did not receive any specific funding.

Availability of data and materials
Data available upon reasonable request via Dr. DZL.


https://doi.org/10.1186/s13104-022-06268-w
https://doi.org/10.1186/s13104-022-06268-w

Lim et al. BMIC Research Notes (2023) 16:7 Page 6 of 6

Declarations

Ethics approval and consent to participate
The study was approved by Austin Health Human Research Ethics Committee
(LNR/18/Austin/107) and a waiver of participant consent was granted.

Consent for publication
Not applicable.

Competing interests
No competing interests to declare.

Received: 23 May 2022 Accepted: 14 December 2022
Published online: 27 January 2023

References

1. Hickman PE, Potter JM, Pesce AJ. Clinical chemistry and post-liver-trans-
plant monitoring. Clin Chem. 1997;43(8 Pt 2):1546-54.

2. Naik P, Sritharan V, Bandi P, Madhavarapu M. A single centre prospective
study of liver function tests in post liver transplant patients. Indian J Clin
Biochem. 2013;28(1):38-45.

3. Fedoravicius A, Charlton M. Abnormal liver tests after liver transplanta-
tion. Clin Liver Dis. 2016;7(4):73-9.

4. EvElm, Altman DG, Egger M, Pocock SJ, Gatzsche PC, Vandenbroucke JP.
Strengthening the reporting of observational studies in epidemiology
(STROBE) statement: guidelines for reporting observational studies. BMJ.
2007;335(7624):806-8.

5. Mells G, Neuberger J. Protocol liver allograft biopsies. Transplantation.
2008;85(12):1686-92.

6. Abraham SC, Furth EE. Receiver operating characteristic analysis of serum
chemical parameters as tests of liver transplant rejection and correlation
with histology. Transplantation. 1995;59(5):740-6.

7. Germani G, Rodriguez-Castro K, Russo FP, Senzolo M, Zanetto A, Ferrarese
A, et al. Markers of acute rejection and graft acceptance in liver transplan-
tation. World J Gastroenterol. 2015;21(4):1061-8.

8. Rodriguez-Perdlvarez M, Germani G, Tsochatzis E, Rolando N, Luong TV,
Dhillon AP, et al. Predicting severity and clinical course of acute rejection
after liver transplantation using blood eosinophil count. Transpl Int.
2012;25(5):555-63.

9. ShahidiN, Marquez Azalgara V, Yoshida E. Use of monitoring gamma-
glutamyl transpeptidase levels after liver transplant: a longitudinal
retrospective analysis of a single-center’s experience. Exp Clin Transp.
2016;14(3):317-22.

10. WooYS, Lee KH, Lee KT, Lee JK, Kim JM, Kwon CHD, et al. Postoperative
changes of liver enzymes can distinguish between biliary stricture and
graft rejection after living donor liver transplantation: a longitudinal
study. Medicine. 2017;96(40):e6892.

11. Goh SK, Do H, Testro A, Pavlovic J, Vago A, Lokan J, et al. The measure-
ment of donor-specific cell-free DNA identifies recipients with biopsy-
proven acute rejection requiring treatment after liver transplantation.
Transp Direct. 2019;5(7):e462.

12. Schutz E, Fischer A, Beck J, Harden M, Koch M, Wuensch T, et al. Graft-
derived cell-free DNA, a noninvasive early rejection and graft damage
marker in liver transplantation: a prospective, observational, multicenter
cohort study. PLoS Med. 2017;14(4):e1002286.

Ready to submit your research? Choose BMC and benefit from:

fast, convenient online submission

Publisher’s Note
Springer Nature remains neutral with regard to jurisdictional claims in pub-
lished maps and institutional affiliations.

thorough peer review by experienced researchers in your field

rapid publication on acceptance

support for research data, including large and complex data types

gold Open Access which fosters wider collaboration and increased citations

maximum visibility for your research: over 100M website views per year

At BMC, research is always in progress.

Learn more biomedcentral.com/submissions . BMC




	Clinical and financial impacts of abnormal liver biochemistry after liver transplantation
	Abstract 
	Objective 
	Results 

	Introduction
	Main text
	Methods
	Statistical analysis

	Results
	Liver biopsy sub-analysis
	Cost analysis

	Discussion
	Limitations
	Acknowledgements
	References


