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Safety of Invasive Procedures in End-Stage
Liver Disease Patients
Safety of cardiac catheterization in patients
with end-stage liver disease awaiting liver
transplantation. Sharma M, Yong C, Majure
D, Zellner C, Roberts JP, Bass NM, et al.
Am J Cardiol 2009;103:742-746.

Abstract

Patients with end-stage liver disease (ESLD) are pre-
disposed to bleeding complications due to thrombo-
cytopenia, reduced synthesis of coagulation factors,
and increased fibrinolytic activity. The exact inci-
dence of vascular access site and bleeding complica-
tions related to cardiac catheterization in this group
remains unknown. Eighty-eight consecutive patients
with ESLD who underwent left-sided cardiac catheter-
ization from August 2004 to February 2007 were iden-
tified. Eighty-one patients without known liver dis-
ease matched for age, gender, and body mass index
who underwent left-sided cardiac catheterization dur-
ing the same period were chosen as the control group.
Vascular complications were defined as hematoma �5
cm, pseudoaneurysm, arteriovenous fistula, or retro-
peritoneal bleeding. Patients with ESLD had lower
baseline mean hematocrit (32.3 � 6.0% vs 39.2 � 6.2%,
p �0.001) and mean platelet count (90.1 � 66.3 vs
236.1 � 77.1 X 109/L, p �0.001) compared with con-
trols. They also had higher mean serum creatinine
(1.9 � 1.7 vs 1.2 � 0.8 mg/dl, p � 0.002) and mean
international normalized ratio (1.6 � 0.7 vs 1.1 � 0.2,
p �0.001). There were more complicated pseudoaneu-
rysms in the patients with liver failure (5.7% [5 of 88]),
compared with 0% in controls (p � 0.029). Patients
with ESLD had lower starting hemoglobin levels and
greater reductions in hemoglobin after cardiac cathe-
terization, resulting in greater need for packed red
blood cell transfusion (16% vs 4%, p � 0.008), fresh
frozen plasma (51.7% vs 1.2%, p �0.001), and platelet
transfusions (48.3% vs 1.2%, p �0.001). Major bleed-
ing was higher in the ESLD group (14.8% vs 3.7%, p �
0.014), driven mainly by the need for blood transfu-
sion. In conclusion, despite severe coagulopathy, left-
sided cardiac catheterization may be performed safely
in this patient population, with correction of coagu-
lopathy and meticulous attention to procedural tech-
nique.

COMMENTS

Patients with end-stage liver disease (ESLD) who are
evaluated for liver transplantation will possibly un-
dergo invasive diagnostic procedures. Two of the most

common of these invasive procedures are liver biopsy
and cardiac catheterization. Each procedure has an
associated risk, but in this high-risk population, can
the risk become prohibitive?

The risks and benefits of liver biopsy are well known
to healthcare professionals who are primary caretakers
of ESLD patients. Al Knawy and Shiffman1 reviewed
percutaneous liver biopsy with respect to the complica-
tions of pain, hypotension, hemorrhage, perforation of
the gallbladder or colon, pneumothorax, and intrahe-
patic arteriovenous fistula. In this study, the mortality
rate from complications was found to be as high as
0.1%. Pawa et al.2 reported that the presence of end-
stage renal disease in association with ESLD did not
produce an increased risk of complications following
percutaneous liver biopsy. Ahmad et al.3 studied the
use of transjugular liver biopsy in ESLD patients with
end-stage renal disease and found that this technique
was safe and caused fewer complications than percu-
taneous liver biopsy. Sporea et al.4 have reminded us
that the liver biopsy is not a perfect test.

Care providers who are not primarily involved with
ESLD patients but who perform other invasive proce-
dures such as cardiac catheterization are more appre-
hensive of the possible complications in this high-risk
population. One of the complications of cardiac
catheterization is contrast-induced nephropathy. The
development of renal failure in a potential liver trans-
plantation candidate would significantly increase post-
transplant mortality. Mehran et al.5 developed a risk
score for predicting contrast-induced nephropathy af-
ter coronary intervention. These authors identified 8
variables predicting nephropathy, including hypoten-
sion, use of the intra-aortic balloon pump, congestive
heart failure, chronic kidney disease, diabetes, age �
75 years, anemia, and volume of contrast used. ESLD
was not a factor in this analysis, and thus it remains
uncertain if the presence of ESLD would increase the
incidence of renal dysfunction following cardiac cathe-
terization.

In this review, Sharma et al. studied the safety of
cardiac catheterization in patients with ESLD prior to
liver transplantation. They studied 129 consecutive pa-
tients with ESLD who underwent left-sided catheteriza-
tion (88 patients) and/or right-sided cardiac catheter-
ization from June 2004 to June 2007. The comparison
group consisted of 129 patients (81 with left-sided car-
diac catheterization) without ESLD matched for age,
gender, and body mass index who underwent cardiac
catheterization during the same time period. The tech-
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nique of cardiac catheterization, including the com-
pression time of the femoral site, was similar in both
groups. There were 5 (6%) complicated pseudoaneu-
rysms in the ESLD group and only 1 in the control
group. All 5 pseudoaneurysms in the ESLD group re-
quired intervention with thrombin injection, open sur-
gical repair, or both. The 1 complicated pseudoaneu-
rysm in the control group required only extended
manual compression. There were no intracranial or ret-
roperitoneal hemorrhages in any group. Major bleeding
(a decrease in hemoglobin � 3 g/dL or a transfusion of
�2 units of packed red blood cells) was seen in signifi-
cantly (P � 0.014) more patients with ESLD (14.8%)
than in controls (3.7%). Significantly (P � 0.001) more
patients with ESLD required platelet and fresh frozen
plasma transfusions than the control group. Right-
sided heart catheterization was not associated with ma-
jor bleeding or transfusion requirements in any group.
No mortality data were given in this report.

As the authors point out, this study has the limita-
tions of being confined to a single center and having a
retrospective design, and the results should not be gen-
eralized to all patients with liver disease. With proper
caution, cardiac catheterizations can be performed in
this high-risk group.
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Acute Physiology and Chronic Health
Evaluation Scores for Predicting Outcomes
in Urgent Liver Transplants
Clinical value of APACHE scores in patients
who require intensive care before liver
transplantation. Park KM, Kim KH, Lee SG,
Lee YJ, Hwang S, Ahn CS, et al.
Hepatogastroenterology 2008;55:2135-
2139.

Abstract

Background/Aims: Although many prognostic indices
have been used to predict outcomes after liver trans-
plantation, the actual correlations between these in-
dices and outcomes are inconsistent. The APACHE

scoring system, which reflects a patient’s clinical
course, may be a better prognostic indicator of out-
comes after liver transplantation. Methodology: Of
621 liver transplant recipients from January 2000
through December 2004, 41 adult patients with he-
patic failure received ICU care prior to liver transplan-
tation. Their records were analyzed retrospectively
and the correlation between APACHE score and mor-
tality after liver transplantation was determined. Re-
sults: Of the 41 patients with fulminant hepatic fail-
ure, 31 survived after liver transplantation. The mean
APACHE II scores of the survivors and nonsurvivors
differed significantly (22.50�5.89 vs 18.19�5.89,
p�0.05), as did the mean APACHE III scores
(100�22.6 vs. 78.3�23.9, p�0.05). The r2 value be-
tween APACHE III scores and postoperative ICU stay
was 0.14. The areas under the receiver operating char-
acteristic (ROC) curve for APACHE II and APACHE III
were 0.713 and 0.737 respectively (P�0.05). Conclu-
sions: The APACHE scoring systems have significant
clinical value in predicting the outcomes after urgent
liver transplantation in patients with fulminant he-
patic failure.

COMMENTS

A plethora of prognostic tests are available for predict-
ing post–liver transplant survival.1 Some investigators
view prognostic models as imperfect tools for support-
ing clinical practice, whereas other authors view such
models as a hindrance.2 Jacob et al.3 conducted a sys-
tematic review to assess the quality of studies predict-
ing post–liver transplant mortality. These researchers
reviewed 5 published prognostic models and deter-
mined that all of them were suboptimal. The area under
the receiver operating characteristic curves was below
0.7 in all of the models, indicating their poor discrimi-
natory ability. Jacob et al. concluded that the currently
available prognostic models of mortality after liver
transplantation can have only a limited role in clinical
practice.

One area in which clinical liver transplantation could
benefit tremendously from having a reliable prognostic
model for posttransplantation survival is the manage-
ment of patients in the intensive care unit (ICU) who are
awaiting transplantation. In this setting, the transplant
team is faced with several questions. One question is
how to avoid performing a futile liver transplant,4 in
which a valuable donor organ is transplanted into a
patient having little or no chance of survival. The use of
Model for End-Stage Liver Disease (MELD) scores to
predict post–liver transplant survival in an acute liver
failure population has both supporters and detractors.4

Brandão et al.5 reported that the receiver operating
characteristic curve for the MELD score in predicting
posttransplant survival was 0.60. What other models
can a liver team use to predict liver transplantation
survival for ICU patients in urgent need of a liver?

In this review, Park et al. analyze the Acute Physiol-
ogy and Chronic Health Evaluation (APACHE) score for
its ability to predict posttransplant survival in patients
requiring an ICU stay prior to liver transplantation. The
APACHE scoring system was designed to classify dis-
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ease severity and predict prognosis in ICU patients.
The APACHE II score uses the variables of age, rectal
temperature, heart rate, mean arterial pressure, re-
spiratory rate, oxygenation, arterial pH, serum so-
dium, potassium, creatinine level, hematocrit, white
blood cell count, venous HCO3, and the Glasgow
coma scale. The APACHE III score excludes potas-
sium and bicarbonate from the APACHE II score,
while adding blood urea nitrogen, glucose levels, al-
bumin, bilirubin, and mean urine output. Park et al.
report on 41 adult patients from January 2000 to
December 2004 who received ICU care before receiv-
ing an urgent liver transplant. Patients undergoing
liver-kidney transplantation or liver retransplanta-
tion were excluded. Patients receiving living donor
liver transplantation were included in the study only
if the graft-to-recipient weight ratio was �0.8. Of the
41 study patients, 33 were males, and 8 were females,
with an average age of 45.9 years (range, 20-60
years). Three patients underwent deceased donor
liver transplantation, and 38 underwent adult living
donor liver transplantation. The mortality rate was
24.3% (10 deaths). There was no difference in the
average age between survivors and nonsurvivors. The
mean APACHE II scores of the survivors (22.5 � 5.89)
were significantly higher (P � 0.05) than those of the
nonsurvivors (18.19 � 5.89). Likewise, the mean
APACHE III scores of the survivors (100 � 22.6) were
significantly higher (P � 0.05) than those of the non-
survivors (78.3 � 23.9). The receiver operating char-
acteristic curve was 0.713 � 0.092 for the APACHE II
scores and 0.737 � 0.092 for the APACHE III scores.

From Park et al.’s review, it can be seen that the
discriminatory ability of both the APACHE II and
APACHE III scores was above 0.70. This is better than
the ability of some previous models but not high enough
to provide certainty when one is making life and death
decisions. Until stronger predictive models are devel-
oped, the best approach is to use the available models
and confirm the findings with mature clinical judg-
ment.
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The Evolving Story of New Food Allergies
Following Liver Transplantation
Food allergy after liver transplantation in
children: a prospective study. Ozbek OY,
Ozcay F, Avci Z, Haberal A, Haberal M.
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Abstract

Food allergy has been increasingly reported in chil-
dren who had orthotopic liver transplantation (OLT).
We aimed to conduct a prospective study to investi-
gate the prevalence of sensitizations and food allergy
in pediatric OLT recipients. We also aimed to identify
potential risk factors. The study group consisted of 28
children (14 male, 14 female, mean age 4.96 � 0.76
yrs) who had OLT. Total eosinophil count (TEC), total
IgE, and specific IgEs were studied before and 3, 6, 12
months after OLT. Six patients (21%) developed mul-
tiple food allergies. Mean age of six patients at OLT
who developed food allergy was younger compared to
the non-food allergy group (10.2 months vs. 68.9
months, p � 0.05). Food allergy has been developed
within 1 yr in 5, and in 20 months in one patient after
OLT. All six patients had cow’s milk and egg allergy
after OLT. Five children developed wheat, one children
developed lentil and another one developed peach al-
lergy in addition to cow’s milk and egg allergy. Out of
six food-allergic patients after OLT, four children de-
veloped Epstein-Barr virus (EBV) infection prior to
food allergy. Before OLT, TECs and total IgE levels
were not differed among food allergic and non-food
allergic patients (p � 0.05). Mean of TECs were signif-
icantly higher in food allergic group compared to non-
food allergic group at each time point after OLT (p �
0.05). Though statistically insignificant, mean of total
IgE levels were also higher in the food allergic group
(p � 0.05). These findings suggest that food allergy
should be considered after OLT in patients who are
younger than 1 yr of age, who developed hypereosino-
philia, high total IgE levels or EBV viremia.

COMMENTS

Several reports have discussed the development of new-
onset food allergy in posttransplant patients. There
have been dramatic reports of the transfer of peanut
allergy from a donor to a transplant recipient.1,2 This
mechanism is thought to be related to the passive
transfer of food-specific immunoglobulin E (IgE) anti-
bodies from the donor to the recipient.3 However, most
reports have involved the pediatric liver transplant pop-
ulation in which the donors were not food-allergic.4,5 In
this particular population, the mechanism of the devel-
opment of new-onset food allergy remains largely un-
known, but evidence is evolving.

Levy et al.5 evaluated the association of new-onset
food allergy in their solid organ transplant center.
These authors reviewed 232 children [mean age, 10.8
years (range, 2-18 years)] at their transplant center who
received kidney transplants from 1986 to 2005. A re-
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view was also conducted of 65 children [mean age, 5.5
years (range, 0.5-17.5 years)] who received liver or com-
bined liver-kidney transplants from 1995 to 2005. The
diagnosis of food allergy was based on the clinical
symptoms of an immediate hypersensitivity-type reac-
tion and evidence of specific IgE antibodies against sus-
pected foods. None of the 232 children who underwent
kidney transplantation acquired a food allergy. Four of
the 65 children (6%) who underwent liver (n � 2) or
combined liver-kidney (n � 2) transplantation acquired
a new-onset food allergy post-transplantation. All of
these 4 patients had received tacrolimus. Three chil-
dren were 1 to 1.5 years old, and the fourth child was 7
years old. Three of these patients developed multiple
food allergies. The authors concluded that the patho-
genesis of new-onset food allergy may involve the liver
as the organ transplanted and tacrolimus as part of the
immunosuppressive protocol.

Boyle et al.4 speculated that the liver as the organ
transplanted, together with the maturity of the host
immune regulatory mechanisms, plays a role in the
development of new-onset food allergies. Other investi-
gators have also speculated that tacrolimus may be a
factor in the development of new-onset food allergies
following transplantation.6,7

This review by Ozbek et al. reports on a prospective
longitudinal study investigating the prevalence of sen-
sitization and food allergy in pediatric liver recipients.
Ozbek et al. followed 28 children (14 male and 14 fe-
male) from September 2004 until February 2008. The
patients were between 6 months and 16 years of age,
and all received living related donor livers. Factors
studied were the total eosinophil count, IgE, and spe-
cific IgEs before and 3, 6, and 12 months after liver
transplantation. After 1 year, only those children with
symptomatic food allergies were followed every 6
months with specific IgEs. Food allergy was diagnosed
via a history of immediate type reactions, chronic diar-
rhea without an evident cause, detectable serum food-
specific IgE antibodies, and/or resolution of symptoms
after food avoidance. For all donors, a detailed history of
atopic diseases was taken before donation. None of the
donors had a history of food allergy, and all donors had
negative results on food-specific IgE or skin prick tests.

Immunosuppressive therapy was based on tacroli-
mus in 24 patients, cyclosporine in 3 patients, and
sirolimus in 1 patient. Mean follow-up was 25.4 months
(range, 12-40 months). Six (21.4%) recipients devel-
oped food allergies, and all were on tacrolimus. All chil-
dren with food allergies were sensitized to more than 1
food. All 6 had cow’s milk and egg allergies. Other al-
lergies were demonstrated to wheat, lentils, and
peaches. All allergic symptoms resolved with appropri-
ate elimination diets. The mean age of the children who
developed a food allergy was significantly (P � 0.05)
lower at 10.2 � 3.2 months compared to 68.9 � 10.1
months. The time periods between transplantation and
the onset of food allergy were 2, 6, 6, 12, 12, and 20
months (mean, 9.7 months). The total eosinophil count
was not different between those developing food aller-
gies and those not developing allergies before trans-

plantation. At each time point following transplanta-
tion, the total eosinophil count was significantly higher
in the food allergy patients compared with the non–food
allergy patients. Interestingly, 9 patients developed Ep-
stein-Barr virus (EBV) infection after liver transplanta-
tion. Four of the 6 patients with food allergies had EBV
infection, and 5 of the 22 patients with no food allergy
had EBV infection.

Ozbek et al. conclude that young age, liver transplan-
tation, immunosuppressive drugs, gastrointestinal in-
fections, and EBV infections may be the reasons for the
development of food allergy. The mechanism speculated
for the development of food allergy is breakdown of oral
tolerance (immunological ignorance of antigenic food
proteins by the systemic immune system). Ozbek et al.
caution that a new-onset food allergy should be consid-
ered in symptomatic pediatric liver transplant patients
younger than 1 year of age who develop hypereosino-
philia, high total IgE levels, or EBV viremia.
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Institution of a Standard Procedure To
Prevent Hepatic Artery Thrombosis
Feasibility and effectiveness of a new
algorithm in preventing hepatic artery
thrombosis after liver transplantation.
Müller SA, Schmied BM, Mehrabi A, Welsch
T, Schemmer P, Hinz U, et al. J Gastrointest
Surg 2009. doi://10.1007/s11605-008-
0753-y. Available at: http://www.
springerlink.com.

Abstract

Introduction: The incidence of hepatic artery throm-
bosis (HAT) after liver transplantation (LTx) is up to
9% in adult recipients. Material and Methods: To min-
imize HAT, we developed an algorithm that we have
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routinely applied since 2001. The algorithm is a cas-
cade of potentially necessary procedures to improve
hepatic artery blood flow before proceeding with LTx
when arterial blood flow is impaired. Incidence, out-
come, and possible therapeutic approaches of HAT
were analyzed in prospectively non-controlled col-
lected data during a 5-year period. There were 335 LTx
in 299 adults (199 male, 100 female) with a median age
of 49.7 years. Results: HAT was defined as early and
late HAT (diagnosis within or after 30 days following
LTx). After a mean follow-up of 17 months, nine HAT
were documented (2.7%; five early and four late HAT).
Treatment consisted of thrombolysis (n�1), surgical
thrombectomy (n�4), and re-transplantation (n�4).
Five HAT patients died during follow-up. Discussion:
Complex arterial reconstruction was associated with
HAT compared to branch-patch anastomoses
(P�0.0193). Median arterial intraoperative blood flow
was no risk factor for HAT. One-year patient survival
after HAT was 31%. Once HAT occurs, complication
rates are high and long-term results are devastating.
Conclusion: Therefore, we have implemented the pre-
sented algorithm, which showed an acceptable HAT
rate.

COMMENTS

The focus on quality in healthcare became prominent in
the United States following the publication of reports by
the Institute of Medicine.1,2 Motivated by cutbacks in
federal payments for certain complications, and in an-
ticipation of pay-for-performance programs, hospitals
are increasingly anxious to redesign healthcare to im-
prove medical quality.3 No clinical service or program is
immune to the increasing pressure from hospitals, and
liver transplant programs are no exception. However,
most transplant professionals would state that we have
always tried to provide excellent patient care and have
accomplished much to improve the quality of liver
transplantation.

Quality programs have created a new language. For
example, lean used to mean “lower body mass index”;
now, it also means “system for quality management.”4-6

Quality managers talk about having a toolbox that con-
tains quality improvement methods for improving med-
ical care. These days, it is necessary for the liver trans-
plant community to use the language of quality in
addressing our performance improvement efforts. For
example, through the use of lean management princi-
ples, the healthcare provider is encouraged to stan-
dardize the process to eliminate unnecessary variation.

Standardizing the process is exactly what Coelho et
al.7 was referring to in their discussion of continuous
7-0 sutures versus interrupted 7-0 sutures for hepatic
artery anastomosis. These investigators found that he-
patic artery thrombosis (HAT) occurred in 10% of recip-
ients who received continuous sutures and in 2% of
recipients who received interrupted sutures. Coelho et
al. could have articulated their findings in lean termi-
nology by stating that the use of 7-0 sutures in an
interrupted manner is the standard process for hepatic
artery anastomosis and eliminates unnecessary varia-
tion. Similarly, Zheng et al.8 concurred that using 7-0

sutures in an interrupted fashion is the best standard
technique. Furthermore, to mitigate the complications
of HAT, Zheng et al. suggested conducting routine post-
transplant ultrasonography for early detection of HAT.
However, diagnosing HAT as a defect at this stage might
not prevent long-term complications.

In this review, Müller et al. report a new algorithm for
detecting a mistake in a hepatic arterial anastomosis
before the mistake becomes a defect. After finding a
6.8% incidence of HAT at their institution from 1996 to
2001, the authors designed an algorithm as a risk-
reduction strategy. This algorithm attempted to mini-
mize the incidence of HAT by standardizing the surgical
procedure. Between December 2001 and December
2006, 335 consecutive whole liver transplants (mean
recipient age, 49.7 years) were performed in which the
authors strictly followed the algorithm. Hepatic arterial
flow was measured intraoperatively, and the new algo-
rithm was followed for flow rates � 150 mL/minute.
The first step in the algorithm was intra-arterial injec-
tion of a vasodilatative drug into the recipient hepatic
artery. If the flow rate remained �150 mL/minute, the
portal vein was then clamped for 30 to 60 seconds. If
the hepatic arterial flow increased by at least 50%, the
splenic artery was then ligated. If the flow still remained
�150 mL/minute, the arcuate ligament was resected,
and if the flow continued to be inadequate, an arterial
conduit to the aorta was performed. Adherence to this
algorithm decreased the authors’ incidence of HAT to
2.7%. The interval between liver transplantation and
detection of HAT was an average of 66.6 days (range,
2-318). This study suffers from a similar problem expe-
rienced by most quality improvement studies, in that
these studies use a before/after design with no simul-
taneous control group. This could cause other con-
founding changes that resulted in general improvement
in medical care over time to not be accounted for in this
study design.

Liver transplant programs are engaged in several
quality improvement projects using plan/do/study/act
or similar tools. Acquiring a new language will help us
communicate with our quality improvement colleagues
and better highlight the quality efforts of the liver trans-
plant community.
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