
Ernst R. Kuse 
Joerg Kotzerke 
Silke Muller 
Bjorn Nashan 
Rainer Luck 
Karsten Jaeger 

Received: 28 September 2000 
Revised: 15 May 2001 
Accepted: 14 January 2002 
Published online: 30 April 2002 

E.R. Kuse (E3) B. Nashan . R. Luck 
Hanover Medical Center, Abdominal and 
Transplant Surgery, Carl-Neuberg-Strasse 
1, 30625 Hannover, Germany 
E-mail: kuse.ernst@mh-hannover.de 
Tel.: +49-511-5322122 
Fax: + 49-51 1-5328259 

J. Kotzerke 
University of Ulm, Department of Nuclear 
Medicine, Robert-Koch-Strasse 8, 
89069 Ulm, Germany 
S. Miiller 
University of Rostock, Institute 
of Pharmacology, Schillingallee 70, 
18057 Rostock, Germany 

K. Jaeger 
Medical School of Hanover, Department 
of Anesthesiology, Carl-Neuberg-Strasse 1, 
30625 Hannover, Germany 

Hepatic reticuloendothelial function during 
parenteral nutrition including an MCT/LCT 
or LCT emulsion after liver transplantation 
- a double-blind study 

Abstract It has been demonstrated 
that total parenteral nutrition (TPN) 
modulates the function of the hep- 
atic reticuloendothelial system 
(RES). The objective of this study 
was to evaluate the impact of two 
different TPN lipid emulsions on the 
recovery of allograft RES function 
after orthotopic liver transplanta- 
tion (OLTx). In a prospective, dou- 
ble-blind study, OLTx patients were 
randomly assigned to two treatment 
groups. Group I (n = 13) received a 
TPN regimen that included long- 
chain triglycerides (LCT). Group I1 
(n  = 9) received a TPN regimen that 
included a fat emulsion consisting of 
both medium-chain triglycerides 
(MCT) and LCT. At baseline, i.e., 
on days 2 or 3 after OLTx (tl), be- 
fore lipids for TPN were started, 
hepatic RES function was deter- 
mined using the human serum al- 
bumin millimicrosphere technique 
(K-value, 1 jmin). A second measure- 
ment (t2) was obtained after 7 days of 
TPN, including one of the study’s two 
fat emulsions. The mean (* SD) 

K-value (I  jmin) was 0.48 i 0.16 in the 
LCT group and 0.55 & 0.28 in the 
MCT/LCT group at t l ,  and it 
improved to 0.62 + 0.21 in the LCT 
group and to 0.86 * 0.32 in the MCT/ 
LCT group at t2. RES function 
recovery was significantly better in 
the MCT/LCT group ( P  I 0.05). 
MCT/LCT emulsion appears to be 
the TPN fat emulsion of choice after 
OLTx as it seems to have less impact 
on hepatic RES recovery. 
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Abbreviations MCT medium-chain 
triglycerides LCT long-chain 
triglycerides RES reticulo-endo- 
thelial system HSA-MM human 
serum albumin millimicrospheres 
SD standard deviation ns. 
not statistically significant 

Introduction 

Orthotopic liver transplantation (OLTx) is an extensive 
surgical intervention, necessitating postoperative nutri- 
tional support for most of the patients [25, 301. The 
preoperative metabolic situation in hepatic cirrhosis is 
characterized by an impairment of glucose utilization. 
This involves a change in the organ distribution of free 
fatty acid metabolism and a reduction in glucose 

synthesis and intracellular uptake, which are associated 
with a glycogen storage disorder accompanied by in- 
creased lipid oxidation [ 16,20, 2 1,241. As a consequence 
of this peripheral metabolic disorder, OLTx patients 
need an intake of 40-60% of their non-protein calories 
as lipids to fulfill their energy requirements during 
postoperative total parenteral nutrition (TPN) [IS]. 

There is evidence to suggest that fat emulsions con- 
sisting of long-chain triglycerides (LCT) may compro- 
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mise reticuloendothelial system (RES) activity [ 12, 22, 
31, 321. Infection is still the leading cause of death in 
OLTx recipients, and function is 'Om- 

promised in the donor and during ischemia until reper- 
fusion. The lipid component of TPN regimens, therefore, 
must not further compromise RES function or recovery. 

The purpose of this study was to investigate whether 
there is a difference in hepatic RES function recovery 
after OLTx in the early postoperative period using dif- 

earlier considered to depend primarily on blood flow. However, 
using a compartment model to describe this process - as for the 
quantification of regional blood flow in the human heart using I3N- 
ammonia [I  11 -will register the time-variable input function of the 
radiotracer as well as of the non-extractable, or fractional, blood 
volume (fbv), allowing a separate calculation of the hepatic blood 
flow (K1) and rate of PhagocYtosis (K2). Applied to the hepatic 
activity probe curves, this means that K1 defines the amplitude and 
K2 the shape of the liver curve (formula 1). According to Reske et al. 
[26], activity output from the liver as a consequence of particle 
degradation takes about 20 min to start. 

ferent lipid emulsions for TPN. KI 

K2 
Patients and methods 

Following the approval of the ethical committee, 32 liver transplant 
recipients were enrolled and prospectively randomly assigned to 
one of the two groups. The fat emulsion component of the TPN 
regime (for details, see below) was administered in a double-blinded 
manner. All patients received parenteral nutrition support for 10 
days. Patients experiencing any of the following were excluded: 
fasting serum triglycerides 23.5 mol/l (determined daily), acute re- 
jection, sepsis and open abdomen during the study. 

The TPN regime shown in Table 1 was administered by con- 
tinuous infusion via a central venous catheter 24 h a day. This 
regime is used routinely after hepatic transplantation at our center 
and is based on indirect calorimetry-estimated energy require- 
ments. 

Hepatic RES function was determined by 99"Tc-labeled human 
serum albumin millimicrospheres (HSA-MMs, Rotop, Dresden), a 
tracer known to be taken up exclusively by RES and suitable for 
the estimation of human RES activity [2, 3, 281. RES activity was 
estimated twice - first postoperatively, immediately before starting 
TPN including one or the other of the study's fat emulsions, and 
again 7 days later. 

Via a central venous catheter, 100 MBq of 99mTc-labeled HSA- 
MMs (0.03 mg per study; particle size, 1.0 pm) was administered in 
a volume of 2 ml, and the catheter was flushed with 10 ml of normal 
saline. At the same time, the liver was scanned for activity changes, 
and these were recorded using the Engypan portable scintillation 
camera instrument (Kernforschungszentrum Karlsruhe, Germany). 
This instrument features four probes held in place with adhesive 
tape over the patient's lung (no. l), heart (no. 2) and liver (no. 3 
and no. 4) (see Fig. 1). Scintiscans of the activity changes were 
obtained at 5-s intervals from 30 s before, until 10 min after tracer 
injection. Using the regions-of-interest (ROI) technique or indi- 
vidual probes, scintillation cameras can determine the kinetics of 
activity changes over isolated regions. Given that intravenously 
administered millimicrospheres are phagocytosed exclusively by 
RES [28], and that hepatic RES accounts for over 90% of total 
body RES, the combined activities in the liver and blood can be 
considered by approximation. 

The accumulation of labeled colloids in the liver is a measure of 
hepatic blood flow and RES activity. Hepatic accumulation was 

C, = activity (counts) in blood; C, = activity (counts) in tissue; t = 
time; K1 = tissue blood flow; K2 = rate of phagocytosis, fbv = 
fractional blood volume. 

Serum activities of glutamic-oxaloacetic transaminase (AST) 
and glutamate dehydrogenase (GLDH) were determined daily 
postoperatively for assessment of ischemic injury. 

Two patients of the LCT group were withdrawn during the 
course of the trial, because they developed hypertriglyceridemia 
(defined as an exclusion criterion). Another patient died from 
cardiac complications. Thus, a total of 13 patients (three men and 
ten women) with a mean age of 44 years (range, 20-60 years) were 
assessed for hepatic RES function. The diagnoses resulting in the 
need for transplantation are listed in Table 2. In the MCTILCT 
group, four patients were excluded during the course of the trial for 
hypertriglyceridemia, two patients for sepsis and one patient for 
acute rejection (all of these had been defined as exclusion criteria). 
Thus, a total of nine patients (five men and four women) with a 
mean age of 5 1 years (range, 36-66 years) were assessed for hepatic 
RES function. The diagnoses resulting in the need for transplan- 
tation in patients who could be evaluated are listed in Table 2. The 
two groups were comparable both in age and cause of end-stage 
liver disease. To suppress the immune systems, patients were given 
CsA (Sandimmun, Novartis) and steroids. The dosage for the 
steroids was 500 mg methylprednisolone intravenously at  the time 
of reperfusion. On postoperative days 1 and 2 ,  patients were treated 
intravenously with prednisolone at a dosage of 1.0 mg/kg of body 
weight. From day 3 to day 10, 0.5 mg/kg of body weight of 
prednisolone was given. The dosage of the steroids was then 
tapered down in weekly intervals to an absolute dose of 5 to 7.5 mg 
of prednisolone (Table 2). 

The InStat statistical packages (GraphPad Software, San 
Diego) was used to analyze the experimental data. The calcula- 
ted number of patients was 16 for each group, as the maximum 
standard deviation of the K-values was expected to be 0.2 or 

Day of Day 1 Day 2 Days 3-10 
surgery 

Table 1. Parenteral nutrition 
regime for the study population 

Normal saline, As needed As needed As needed As needed 

Glucose 1.50 gjkg bw/day 3.0 g/kg bwJday 3-5 glkg bw/day 
Amino acids 0.75 glkg bw/day 1.5 g/kg bw/day 1.5 g/kg bw/day 
Fat emulsions (depending 0.5-1 g/kg bwlday 1-2 g/kg bw/day 

electrolytes, albumin 

on treatment 
group, see text) 
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Fig. 1. 
tium activity 250 

less, and the minimum difference of means accepted as significant 200 
was 0.2 as well [14]. The level of significance for c1 was set at 
0.05 and for at 0.2. The test of David, Pearson and Stephens 
was used to determine whether or not the data showed normal 
distribution. The F-test was used to rule out heterogeneity of 
variance, and the t-test then was used to test mean values for 
comparability. In addition, the Kolmogoroff-Smirnoff test was 
used to assess the sum frequencies of the differences found. 

Placement of the four probes for registration of 99mtechne- 

100 

50 

12 a1 
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0.55 * 0.28 before MCT/LCT to 0.86 & 0.32 after MCT/ 
LCT (P<O.O5). Individual data are shown in Fig. 3 
and Fig. 4. There was no difference in the mean base- 
line K-value between the two groups (two-tailed Stu- 
dent's t-test for unpaired observations). After 7 days of 
TPN with fat emulsions, the MCT/LCT group attained 
a statistically significant higher K-value than the LCT 
group (P < 0.05, two-tailed Student's t-test for unpaired 
observations) (see Fig. 5). Using the Kolmogoroff- 
Smirnoff test to assess the sum frequencies of the 

K [ Ilmin ] 
t2 mean: 0162 2 0,21 

I n = 1 3  

1 tl t2 
LCT-Grou p 

Fig. 3. Measurement of the hepatic RES function in the patients 
of the LCT group as described. Each line represents a patient, first 
measurement at t l ,  second measurement at t2 (n= 13) 

tl  t2 
MCT-Grou p 

Fig. 4. Measurement of the hepatic RES function in the patients 
of the MCT group as described. Each line represents a patient, first 
measurement at t l ,  second measurement at tZ  (n = 9) 

0,91 K [ l lmin ] 

LCT 

0,s 

0 

t l  LCT vs MCT: 
p 20.05 

t2 LCT vs MCT: 
p c 0.05 

LCT n = 1 3  
MCTn= 9 

tl t2 tl t 2  

Fig. 5. Comparison of means and standard deviations for the K- 
values of both groups. ( t ,  first measurements, t 2  the repeated 
measurements after 7 days of parenteral nutrition with fat 
emulsions) 

differences found confirms the significantly greater 
improvement in hepatic RES function in the MCT/ 
LCT group (PCO.05) (Fig. 3, Fig. 4 and Fig. 5). 

~ 

Discussion 

Fat emulsions are an established part of TPN regimens. 
However, there is still some controversy as to whether 
intravenous fat emulsions may compromise RES func- 
tion. 

While various methods have been developed to study 
the relation between RES activity and pathologic con- 
ditions, their utility is still a matter of debate and there 
is, as yet, no standardized methodological approach. All 
methods are based on the ability of RES cells to remove 
certain substances from the bloodstream. Carbon par- 
ticles, gold, 99mTc-labeled sulfur colloids (TSCs), labeled 
bacteria (animal studies) and microaggregated human 
serum albumin were among the indicators of immuno- 
nonspecific phagocytosis used in the past, and IgG- or 
IgM-labeled red blood cells were once employed as 
tracers of immunospecific phagocytosis [l, 9, 131. Bac- 
teria are the natural choice in terms of clinical relevance 
and therefore are often used in animal studies [lo, 22, 
311. However, they are unacceptable for in vivo studies 
in humans. 

Efforts for identifying the most suitable tracer for 
in vivo studies in humans have defined the following 
essential criteria: RES specificity, rapid clearance from 
the vascular system by RES and saturable kinetics, 
particle size of about 1 pm, controlled particle size (low 
variability), being an organic, nonantigenic substance, 
being a biotransformable substance and having the 
ability to be tagged with short-lived radionuclides [7, 9, 
281. 
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Two tracers have become established for in vivo 
studies: 99mTc-labeled sulfur colloids (TSCs) [12, 291 and 
99mTc-labeled human serum albumin millimicrospheres 

The HSA-MMs used in this study fulfill all of the 
above criteria. They are removed selectively by RES 
from the bloodstream, and about 90% are extracted in 
the liver with saturable kinetics [28]. Bolognesi et al. [3] 
therefore concluded that HSA-MMs are suitable for the 
estimation of RES activity in humans. Opsonins appear 
not to be involved in HSA-MM clearance, but it is still 
unclear which receptor may indeed be involved [ 171. 
Seidner et al. [29] and Jensen et al. [12] used TSCs in 
their studies, but these appear unsuitable for macroph- 
age function assessment. In studies by Hirschberg et al. 
[14], TSCs were cleared from the bloodstream with 
nonsaturable kinetics. Moreover, bacteria and TSC were 
presumed to be eliminated by different mechanisms. 
Other authors [6] merely found TSCs attached to the 
outside of cells rather than being phagocytosed. Hirs- 
chberg et al. [14] concluded that TSC uptake reflected 
hemodynamics and therefore was an unsuitable indica- 
tor of macrophage function. Given that TSCs are not 
subject to phagocytosis, substances that alter the phag- 
ocytic properties of cells will not necessarily produce a 
fall in TSC uptake, unlike substances that have an effect 
on blood flow, receptors or membrane properties. 

The modified estimation method used in the present 
study registers the variable amounts of tracer in the 
blood. The time-activity curve recorded over the heart 
reflects the falling activity of tracer in the blood and 
simulates tracer disposition to the phagocytosing cells of 
the liver at any given time. This fact is taken into ac- 
count when analyzing the accumulation curve recorded 
over the liver so that the net curve reflects only the 
gamma rays emitted by colloid taken up by hepatic 
RES. 

Goyal et al. [7] compared the various RES activity 
estimation methods and found that the method used in 
our study provides the best estimate of RES function. 

Before the start of TPN with fat emulsion infusion, 
the two treatment groups of this study were comparable 
in age, gender and ischemic injury to the transplanted 
livers. The two groups did not differ significantly in 
terms of hepatic RES activity prior to the administration 
of the fat emulsion. After 7 days of fat emulsion infu- 
sion, hepatic RES activity improved in both groups, but 
significantly better in the MCT/LCT group than in the 
LCT group. Unlike general surgical or medical patients, 
liver transplant recipients generally stand to experience 
an increase in hepatic RES activity. Allograft Kupffer 
cells are normally subject to ischemic damage and will be 

(HSA-MMs) [2, 3, 171. 

replaced by recipient monocytes maturing to Kupffer 
cells in the course of a dynamic transformation and 
adaptation process lasting several months [14, 331. As a 
result, no further decrease in RES activity is likely to 
occur in this model. The question remains whether or 
not there is an impact on RES recovery. For MCT/LCT 
emulsions, such an impact on hepatic RES recovery 
after liver transplantation could previously be ruled out 
up to a dosage of 1.5 glkg per day administered by 
continuous infusion [17]. While this dosage was not ex- 
ceeded in our study, the patients receiving the MCT/ 
LCT emulsion showed significantly better hepatic RES 
activity after 7 days than those receiving the LCT 
emulsion. Additional compromise of the graft in the 
course of the study could be ruled out. As the two 
groups showed no differences in terms of cell injury and 
synthetic performance during fat infusion, a compro- 
mise of the LCT emulsion-induced hepatic RES recov- 
ery is suspected. In fact, an adverse impact of pure LCT 
emulsions on RES activity has been suggested in earlier 
studies. After liver biopsy had revealed fat droplet ac- 
cumulation in Kupffer cells in a 5-week-old infant after 
12 days of parenteral administration of an LCT emul- 
sion in the usual dosage [8], animal studies also found 
hepatosplenomegaly [3 11, accumulation of fat in Kupffer 
cells [5] and diminished bacterial clearance [5, 10, 22, 311 
following administration of pure LCT emulsions. 
Comparative studies in animals [22, 311 and general 
surgical patients [12, 291 demonstrated the impact of 
dosage and could show that the compromise of RES 
function occurred with MCT/LCT emulsions only at 
significantly higher doses or not at all. For the newer 
lipid emulsions (fish oils, structured lipids), their influ- 
ence on the immune system still is very rarely docu- 
mented; especially when focusing on the hepatic RES, 
no such literature is available. 

Diminished RES clearance compromises nonspecific 
immune defences, increasing susceptibility to systemic 
infections [lo, 341. Up to 89% of OLTx deaths occur- 
ring within 60 days of transplantation are related to 
infection [4, 19, 231; hence, it is necessary to avoid all 
therapeutic interventions that may compromise RES 
function or recovery during this phase. The clinical 
significance of this issue has been established by studies 
on larger populations of cirrhotic patients [2, 271, 
confirming the clinical relevance of our data by the 
results reported by other authors. We conclude from 
the presented data that in patients after liver trans- 
plantation or major hepatic surgery as well as in clin- 
ical situations involving RES impairment, MCT lipid 
emulsions should be preferred for parenteral nutrition 
instead of LCT emulsions. 
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