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Donor liver histology—a valuable tool in graft selection
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Abstract
Background Due to a tremendous organ shortage, livers from
donors with extended criteria are increasingly considered for
transplantation. Pathologists are more and more requested to
evaluate these livers histopathologically using frozen sections
at high urgency for acceptability.
Methods This article reviews the current knowledge on pre-
transplant histology in liver transplantation. Prerequisites and
conditions for proper pre-transplant evaluation of donor liver
tissue are discussed as well as frozen section evaluation and
reporting. Data sources include the relevant medical literature,
web sites specialized in organ transplantation, and the authors’
experiences in liver transplant centers.
Conclusions Pre-transplant histopathological evaluation is a
time-effective, accurate, and reliable tool to assess liver
quality from candidate deceased donors. Pre-transplant biop-
sies are of value in the selection of donor livers for transplan-
tation, especially in case of extended criteria donors, and
should be performed more frequently in order to avoid
unnecessary loss of organs suitable for transplantation
and transplantation of inappropriate organs. Correlation
of histopathological findings with clinical conditions is

essential and requires excellent communication between
pathologists, surgeons, and the other members of the
transplant team.
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Introduction

Donor risk factors that correlate with poor allograft function
have been identified and are in part reflected by allograft his-
tology at procurement [1–7]. The risk may manifest as im-
paired allograft function or donor transmitted disease.

Pre-transplant biopsies from deceased liver donors are
not mandatory for decision making in the process of
transplantation and thus protocol biopsies are conducted
only in a few transplant programs. If transplantability is
not clearly given on the basis of clinical, laboratory, or
visual criteria, an additional frozen section biopsy is per-
formed of the potential graft and the sample is histologically
interpreted by a pathologist. A final decision is made based on
both the grafts clinical and histological information and the
medical state of the intended recipient. The most common
reason for discharging livers either during or after recovery
is steatosis [8, 9].

As the demand for organs increases, livers from extended
criteria donors are increasingly considered for transplantation.
Even though a biopsy is not a prerequisite for the utilization of
such organs, pathologists are more and more asked to evaluate
these potential grafts.
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Tissue acquisition

As donor liver biopsies are not officially required for the de-
cision analysis for organ utilization, biopsies are performed on
demand either at procurement or at the recipient institution. If
the judgment of the procurement surgeon upon allograft visu-
alization leads to a biopsy, a wedge biopsy can be obtained
prior to the initiation of cold perfusion. If the macroscopic
appearance of the organ casts doubts on transplantability by
the recipient surgeon, he may perform the biopsy (Fig. 1). Our
preference as well as expert-driven consent is a subcapsular
wedge biopsy (1.5 cm2), but in literature, also core biopsies
with a 2.0-cm-long needle are reported (http://tpis.upmc.com).
For diffuse processes, the site of biopsy does not affect
histology; a single biopsy adequately represents the
histologic characteristics as a whole [10–12]. Biopsy material
should be sufficient to eliminate artifacts due to sampling of
the capsule and should contain liver tissue beyond the 0.5-cm
subcapsular region in order to better represent the extent of
fibrosis. When mass lesions are sampled, a separate biopsy
of the remaining liver is recommended for evaluation of
chronic liver disease or other potential contraindications to

transplantation. The biopsy should be submitted unfixed.
Gauze or saline should not be used as they can induce
artifacts that may lead to incorrect biopsy interpretation.

Pathologic work-up

Because of the limited period of time between organ retrieval
and transplantation histopathologic evaluation is typically per-
formed on frozen section specimens using hematoxylin-eosin
staining. Few centers optionally use additional stainings to
evaluate steatosis (Sudan–III staining, toluidine blue staining,
or oil red O staining) [13]. These special stainings are time-
consuming and depend on technical expertise, which may not
be available during night hours.

The biopsy tissue is best processed immediately at the in-
stitution where organ donation is performed, but respective
service is provided in most hospitals only during regular
working hours. Only few pathology centers in Europe provide
a 24/7 frozen section service for evaluation of donor organs.
Hence, outside regular working hours, the biopsy needs to be
transported to such a center. During transportation, the biopsy
should be kept cooled.

The frozen section material should be fixed afterwards,
embedded in paraffin, and several sections should be cut.
The stainings routinely applied to liver biopsies vary accord-
ing to local protocols, but should include hematoxylin-eosin
(H&E), a staining for connective tissue (e.g., modified
Gomori’s staining) and an iron staining (e.g., Prussian blue)
[14]. Also, periodic acid-Schiff staining with or without dia-
stase digestion (D-PAS or PAS) is helpful, e.g., for improved
definition of steatosis and biliary disease.

Histopathological reports should provide information
about the extent of steatosis, as well as the extent of
fibrosis, inflammation, necrosis, and any other relevant finding
[15]. Steatosis can be microvesicular or macrovesicular.
Macrovesicular steatosis is histologically defined as a single
fat vacuole within an individual hepatocyte that displaces the
nucleus to the periphery. Microvesicular steatosis is character-
ized by a cytoplasmatic accumulation of one to several small
vacuoli that are smaller than the nucleus [16]. Macrovesicular
steatosis often occurs simultaneously with microvesicular
steatosis. Macrovesicular steatosis is traditionally classified as
mild (<30 %), moderate (30–60 %), or severe (>60 %) includ-
ing the percentage of fat content in the histopathological report
(best by 10 % steps). Macrovesicular steatosis is most often
centrilobular but can become panlobular in severe steatosis.

Pathologists traditionally evaluate steatosis using the
percentage of hepatocytes containing lipid droplets, yet
they may also estimate the percentage of parenchyma with
macrovesicular fat determined in an integral manner. The lat-
ter method is reasonable to use for pre-transplant histology, as
establishing the border between hepatocytes is difficult and

Fig. 1 Example of a discharged donor organ. a Fatty donor liver. Arrow:
area of wedge biopsy. b Frozen section histology of wedge biopsy, H&E
staining (b overview, c higher magnification) showing severe
macrovesicular steatosis
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time-consuming in frozen section material. Furthermore, the
extent of macrovesicular steatosis, which is important for
transplantability, is about the same assessed by both methods.

Surgical evaluation of donor livers

In deceased donors, neither biochemical nor clinical parame-
ters correlate well with the degree of steatosis [17]. For sur-
geons, the most commonly used methods to establish liver
quality is visual inspection and palpation at organ procure-
ment. It is a well-known practical experience that there can
be a discrepancy between the surgical assessment of fat con-
tent in donor livers and the histological results, but only few
publications have addressed this issue [9, 13, 18]. Liver color
and morphological degree of steatosis do not necessarily cor-
relate; yellowish color changes lead to overestimation of the
fat content [19]. In a study with 36 donor livers, a significant
number of potential donor organs (n=6, 16.7 %) that were
discarded might have been used for transplantation according
to histological criteria. Another study [9] showed that in situ-
ations where pathology service was not available for biopsy
evaluation, the clinical judgment of experienced liver sur-
geons differed substantially from the final histological analy-
sis performed after liver was discarded. In nine discarded or-
gans (6 because of extreme steatosis and 3 because of cirrho-
sis), the clinical diagnosis of the procurement surgeon
matched the pathologist’s evaluation only in one single case.
Eight organs could have been transplanted. Even three cases
of suspected cirrhosis were not confirmed histologically. As a
consequence, the authors claim for intraoperative biopsies in
all cases of liver donation. However, realistically, a pathology
service is not available at all times in all places. Therefore, it
has been suggested to improve access to histopathology by
using a digital system [20]. The introduction of whole slide
imaging scanners in retrieval hospitals would allow establish-
ing a national or international network of on-call pathologists,
reducing the costs for local on-call services. Some authors
discuss if the pathologist’s assessment of donor liver steatosis
could be replaced by automated software [3].

To avoid frozen section analysis outside normal working
hours, some centers performed percutaneous pre-recovery liv-
er biopsies to evaluate brain-dead donors with an increased
risk for liver pathology. In the studies reported, the authors
emphasize that the use of bedside percutaneous liver biopsies
can help to avoid futile recovery and unnecessary surgical
expenses but is reasonable only in cases where just liver do-
nation is intended [21, 22]. However, in some cases of these
studies, livers appeared histologically normal by bedside per-
cutaneous liver biopsies but were deemed unsuitable when
surgical recovery was begun (false negative). This may partly
be due to sampling error because of the small size of the
needle biopsy.

Quality of frozen section histology

An open wedge biopsy from deceased liver donors and frozen
section evaluation is the usual method to provide information
about the graft quality and has always been considered the
gold standard. Studies that have compared frozen section anal-
ysis with corresponding slides of the formalin fixed, paraffin-
embedded (FFPE) tissues have shown an excellent agreement
for macrovesicular, microvesicular, and overall steatosis [23,
24, 2]. The concordance is especially high in cases with
severe macrovesicular steatosis (>60 %). In livers with
less fat, mild macrovesicular steatosis can sometimes (7.7 %)
be overestimated [25]. The rate of overestimation for mild
microvesicular steatosis in frozen sections is higher (8.2 %),
possibly due to technical artifacts of water droplets trapped
during the freezing procedure. However, this does not
lead to exclusion of suitable organs from donation as
microvesicular steatosis is generally not used as a criterion
for exclusion.

Regarding inter-observer variability in quantitative and
qualitative assessment of steatosis, some authors have demon-
strated a high degree of congruency between different pathol-
ogists on frozen sections for pre-transplant diagnosis [25].
Other authors questioned the use of histopathological exami-
nations for fat quantification due to poor agreement among
pathologists and called for a computerized system [26]. It is
noteworthy that this controversially debated study was
not performed in the context of pre-transplant biopsies
on frozen sections but on routine histology performed
on any type of liver resection and included many cases
with low rates of steatosis. Automated fat content calcu-
lated the surface area covered by fat, without distinguishing
between macro- and microvesicular steatosis, which does not
relate to the algorithms used for assessment of fat in pre-
transplant livers.

Steatosis

The presence of steatosis in pre-transplant liver biopsies is
common and is detected with increasing frequency in up to
¾ of cases [27–30]. This is not surprising, as liver biopsies are
commonly requested from higher risk donors (Fig. 2). The
effects of steatosis after liver transplantation are not complete-
ly understood but are thought to be associated with greater
susceptibility to ischemia and other transplant associated phe-
nomena [31].

Although hepatic steatosis is a widely accepted risk factor
for early graft dysfunction and failure in deceased as well as in
living donor liver transplantation [32, 33, 5], studies have
been inconsistent regarding the relevant amount of fat or type
of fat vacuoles necessary to be of harm. The information is of
importance to safely define the donor pool.
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The weakness of some of the studies is that only the
amount of fat was evaluated, without subclassifying macro-
and microvesicular steatosis and without evaluating the rela-
tion between macro- and microvesicular steatosis in the mixed
steatosis livers.

The largest study that analyzed macrovesicular and
microvesicular steatosis separately as a possible factor for in-
creased liver graft loss within 1 year after transplantation used
the data from the Scientific Registry of Transplant Recipients
[34]. Of 21.777 adult liver transplants, 5.051 donor livers were
biopsied. Biopsy itself introduced a bias as donors with
biopsied livers had a higher Donor Risk Index, were older,
and more obese. It could be shown that in this high risk donor
group, microvesicular steatosis was not a risk factor for graft
loss, whereas macrovesicular steatosis >30%was an indepen-
dent risk factor. Due to low number, severe macrovesicular
steatosis (>60 %) could not be evaluated in this study. In
another study, the impact of severe macrovesicular steatosis
on allograft survival appeared greater than other donor factors,
including the calculated Donor Risk Index [29].

Frequently extended criteria donors are accepted to expand
the donor pool [35–37]. Some authors reported that without
other additional risk factors, it was safe to use donor livers
with >30 % but <60 % macrovesicular steatosis [38].
Therefore, in general, livers with >60 % macrovesicular
steatosis are considered not safe to use [32, 39]. Studies that
report the use of highly steatotic livers did not differentiate
between macro- and microvesicular steatosis [40] or
used mainly livers with high steatosis due to the high
proportion of microvesicular steatosis [32]. Livers with severe

microvesicular steatosis were reported to be safe to use [41].
Although associated with a delay in postoperative hepatic
function, even high microvesicular steatosis does not affect
outcome (Fig. 3). In the deceased, especially high-risk donor
population, pure microvesicular steatosis is rare, but in living
donor transplantation, pure microvesicular steatosis does not
seem to impair post-transplant outcomes [42].

Histopathological report

Pre-transplant biopsies are not only performed to determine
the degree of steatosis, but also to identify pathologic findings,
which are considered as absolute or relative contraindications
to transplantation, e.g., marked steatohepatitis, severe fibrosis,
and severe necrosis or malignancy.

Steatohepatitis should be diagnosed if in addition to
steatosis ballooning of hepatocytes and lobular inflammation,
associated with necrosis of steatotic hepatocytes, are present.
Surprisingly, in most of the studies reporting even high de-
grees of steatosis, the presence of steatohepatitis was not re-
ported. So, it remains unclear, if the negative outcome in se-
verely steatotic organs was due to the amount of fat or addi-
tional necro-inflammation.

Hepatitis should not be diagnosed in donor biopsies with
mild portal inflammation as this may represent a frequent
finding after prolonged intensive care unit treatment; it does
not seem to have predictive value for the outcome after liver
transplantation [23]. To rule out viral hepatitis in donors, se-
rological tests have to be preferred.

Fig. 2 Typical biopsy from an
extended criteria donor. a, b:
Frozen section histology of
wedge biopsy, H&E staining (a
overview, b higher magnification)
showing moderate
macrovesicular steatosis
(arrowhead), admixed with
microvesicular steatosis (arrow).
c, d: H&E (c) and modified
Gomori’s staining (d) of FFPE
tissue. Note centrilobular
accumulation of fat droplets and
portal fibrosis
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If inflammation of the bile ducts is present, the quality and
extent of cholangitis should be reported. This is not a frequent
finding in donor biopsies and usually suspected according to
laboratory results.

Fibrosis plays a role in long-term graft survival, especially
in patients with hepatitis B or C, who receive organs from
hepatitis B- or C-positive donors. The extent of fibrosis in
the donor biopsy should be reported according to scor-
ing systems established for chronic hepatitis [43–46] as
portal fibrosis, portal fibrosis with rare septum forma-
tion, numerous septa without obvious cirrhosis, and cir-
rhosis. Livers with significant septal fibrosis are gener-
ally considered unsuitable for transplantation. Evaluation
of fibrosis is a difficult task for the procurement sur-
geon and often results in underestimation of fibrosis,
especially in the setting of multiple extended donor
criteria and HCV-positive donor serology [2]. Also, pa-
thologists may underestimate fibrosis on frozen sections
compared to sections of FFPE tissue, as special stainings for
fibrosis are not available for frozen sections [2]. However,
higher grades of fibrosis, which will lead to organ exclusion,
can be safely identified. It has to be pointed out that the extend
of fibrosis directly (0.5 cm) subcapsular may not be represen-
tative for the whole organ, as portal tracts in this location are
often more expanded; thus, small biopsy may also lead to
overestimation of fibrosis.

Necrosis, especially centrilobular and subcapsular, may be
evident in frozen sections if the liver has undergone ischemia
prior to biopsy. Focal subcapsular necrosis is seen frequently
and should be ignored if the deeper parts of the biopsy do not
show necrosis. There is no consensus regarding the amount of
necrosis that is acceptable; however, a cutoff of 10 % diffuse
necrosis (ignoring focal subcapsular necrosis) has been sug-
gested [3].

A pigment often found in pre-transplant biopsies, es-
pecially from older donors, is lipofuscin. This granular
brown pigment, typically located in centrilobular hepa-
tocytes, is a product of fatty acid oxidation and associ-
ated with aging and certain diseases. Lipofuscin storage
has no predictive value for the outcome after liver trans-
plantation [23].

Malignancies found in the liver are a contraindication
for using the organ. On frozen sections, haematopoetic malig-
nancies may be difficult to definitively diagnose, so in case
such a malignancy is suspected, the pathologist should be
informed. Suspicion should lead to discard.

Conclusion

Not only in cases of suspected malignancies, but in all cases
where donor biopsies are performed, excellent communica-
tion between pathologists, surgeons, and all the other mem-
bers of the transplant team is essential to optimize decision-
making in pre-transplant livers. Several studies have shown
the inaccuracy of macroscopic evaluation of donor livers even
when performed by experienced surgeons. Frozen sections are
of value in the selection of donor livers for transplantation,
especially in case of extended donor criteria, and should be
performed more frequently in order to avoid unnecessary loss
of potentially suitable organs and to prevent transplantation of
inappropriate organs.

Steatosis is a major factor in quality assessment, as
steatosis is a widely accepted risk factor for postopera-
tive complications in liver transplantation. There is no
clear cutoff regarding the amount of fat that should lead
to discarding a donor organ. In general, livers with
>60 % macrovesicular steatosis are considered inappropri-
ate for transplantation, while donor livers with >30 % but
<60 % macrovesicular steatosis could be used in cases
with no other additional risk factors. Livers with <30 %
macrovesicular steatosis are in general considered safe
to use. Microvesicular steatosis does not seem to impair
post-transplant outcomes.

Further criteria to exclude an organ from transplantation are
significant septal fibrosis, severe inflammation, diffuse necro-
sis (>10 %), or malignancies.

Pre-transplant biopsies are not mandatory in the transplan-
tation process and until now, steatosis or other histologic
changes are not included in the large transplantation database
such as the European Liver Transplant Registry (ELTR) and
the United Network for Organ Sharing (UNOS). Adoption

Fig. 3 Diffuse microvesicular
steatosis. a, b: Frozen section
histology of wedge biopsy, H&E
staining (a overview, b higher
magnification) showing
cytoplasmatic accumulation of
one to several small vacuoli in the
hepatocytes without displacement
of the nuclei
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and implementation of standardized pathologic reports for
frozen section evaluation should be considered in order to
provide conclusive data for future guidelines.

Conflicts of interest None.
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