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Abstract

Background: Intrahepatic (intraparenchymal) microdialysis is a well-established method used to monitor liver metabolism. 
A less invasive alternative would be to use a transjugular approach to place a microdialysis catheter in the middle hepatic 
vein and measure these metabolites intravenously in the liver. The aim was to study whether these two methods would be 
comparable for metabolic monitoring in a pig liver model.
Methods: Three microdialysis catheters with molecular cut-off 20kDa were inserted into the liver, middle hepatic vein and 
subcutaneously in 8 pigs used in the experiment. The flow rate was 0.3 µl/min in the intrahepatic and subcutaneous (reference) 
catheters and 1 µl/min in the hepatic vein catheter. During a 2-hour period of equilibration, a steady state was reached after 
1 hour. The hepatic artery was then clamped for a period of 4 hours to induce ischemia. Dialysate samples were collected at 
15-minute intervals from the hepatic and intravenous catheters and 30-minute intervals from the reference catheter and 
analysed for glucose, glycerol, lactate and pyruvate. The lactate/pyruvate ratio was calculated.
Results: Lactate and pyruvate levels in the intrahepatic and subcutaneous catheters showed significant changes after hepatic 
arterial clamping. Glycerol and the lactate/pyruvate ratio in the intrahepatic catheter showed increases, which were not 
significant, but spontaneously normalized despite persistent clamping. There were no changes in the metabolites measured 
by the hepatic vein catheter throughout the experiment. 
Conclusion: Hepatic vein microdialysis cannot be used equally as compared to direct intrahepatic (intraparenchymal) 
placement regarding the monitoring of glucose, glycerol, lactate and pyruvate.
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Introduction

Monitoring the metabolic and biochemical milieu of 
tissues has been achieved by the method of microdialysis, 

the principle of which is to mimic the passive function of a 
capillary blood vessel [1]. The microdialysis catheter has a 
double lumen and a semi-permeable dialysis membrane 
at the tip, which is inserted into the tissue. The catheter is 
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perfused with an isotonic fluid at a low velocity allowing 
molecules that are small enough, to cross the dialysis 
membrane by the process of passive diffusion. A process of 
equilibration occurs with the surrounding tissue into which 
the catheter is inserted and the fluid in the microdialysis 
catheter, now reflecting the composition of the surrounding 
extracellular fluid. The fluid in the catheter then returns 
via the inner lumen and can then be sampled in microvials 
(dialysate) at desired time intervals [2]. Microdialysis has 
been used for monitoring tissues and to detect complications 
before they become manifest or detectable in peripheral 
blood chemistry. This has led to application in many clinical 
scenarios and organs including brain, heart, muscle and 
subcutaneous tissue [3-6]. 

Microdialysis has been assessed for monitoring of hepatic 
metabolism in the setting of resection and transplantation 
[7-11]. Glucose and its metabolic products, lactate and 
pyruvate as well as glycerol can provide information about 
the metabolic state of the liver. Ischemic injury to the liver 
leads to significant alterations in metabolism and levels of 
these small molecules [2,7]. Glucose, lactate, and pyruvate 
have been used as markers of the oxidative status of a 
tissue and glycerol as a marker of cell membrane injury. 
Moreover, as an indicator of changes in the tissue’s redox 
status, the lactate/pyruvate ratio (L/Pr) is calculated [8,10-
12]. Although a relatively invasive method, intrahepatic 
microdialysis is safe and has a low complication rate, despite 
the intraparenchymal placement of the catheter. It has 
however not achieved widespread clinical application and 
has not yet been introduced in the standard postoperative 
monitoring protocol after liver resection or transplantation. 
In the setting of liver transplantation, microdialysis has 
been used for up to 10 days post-transplantation in some 
studies to detect ischemic complications and rejection [9]. 
Most patients find the intrahepatic microdialysis catheter 
uncomfortable and there is also the inconvenience of being 
woken up at night for hourly sampling etc. 

To circumvent these issues one approach would be to 
use an intravascular microdialysis catheter in the middle 
hepatic vein and measure these metabolites. This could be 
achieved through a transjugular access and would be a less 
invasive approach as compared to hepatic microdialysis in 
which placement of the catheter requires an open operation. 
Also, a venous catheter could be replaced when needed. The 
microdialysis catheter in the hepatic vein, samples blood 
directly as it leaves the liver, which conceptually should be 
close to the hepatic interstitial environment that is sampled 
by an intrahepatic catheter. 

The aim of this study was to explore whether hepatic 
vein microdialysis could be used to monitor intrahepatic 
metabolism. To achieve this, intrahepatic (intraparenchymal) 

and hepatic vein microdialysis for small molecules such as 
glucose, glycerol, lactate and pyruvate were compared in a 
pig model with hepatic arterial ischemia.

Methods

Anaesthesia and surgical procedure

A total of 8 female pigs (Swedish Landrace/York- shire/
Hampshire) littermate pigs, with a body weight of 30 to 35 
kg, were used for the experiments. Before the operation, 
all animals were fasted for 24 hours with free access to 
water. Anaesthesia was induced by an intramuscular 
premedication of 12 mg/kg ketamine hydrochloride 
(Ketaminol Vet, Veterinaria AG, Zurich, Switzerland), 5 mg/
kg azaperone (Stresnil Vet, Janssen-Cilag Pharma, Wien, 
Austria), and 0.05 mg/kg atropine (Atropin, NM Pharma AB, 
Stockholm, Sweden). Midazolam (1-4 mg/kg; Alpharma AS, 
Oslo, Norway) was given intravenously prior to intubation 
(Mallinckrodt Medical, Ireland; inner diameter 7.0-7.5). The 
anesthesia was maintained by inhalation of 1:2 O2/N2O plus 
0.5 % to 1.5 % halothane, which was complemented with 
fentanyl (Alpharma AS, Oslo, Norway) if necessary. A Ringer 
acetate intravenous infusion (710 mL/kg/hour) was given 
at 37°C. Blood gas analysis (i-STAT, Abbott, Abbott Park, IL; 
EG7 cartridges), electrocardiogram, body temperature, and 
urine production were continuously recorded during the 
experiment. The body temperature was maintained at 38°C 
to 39°C with an external heating device as needed.

Microdialysis

Before the abdominal incision, the CMA 60 microdialysis 
catheter (CMA Microdialysis AB) with a 20-mm shaft and 
a 30-mm membrane was inserted just under the skin over 
the left pectoral area and fixed in position as a subcutaneous 
reference measure. A midline laparotomy was then 
performed and the intrahepatic microdialysis catheter was 
inserted into the middle lobe of the liver. The catheter was 
introduced into the liver with a steel cannula with a split 
catheter and sutured safely to liver parenchyma according 
to a method previously described by us [12]. The CMA 70 
microdialysis catheter (CMA Microdialysis AB) with a 60-
mm shaft and a 30-mm membrane was used in the liver. The 
67 IV microdialysis catheter (M Dialysis AB) with a 130-mm 
shaft and a 30-mm membrane was introduced into the right 
internal jugular vein which was isolated using an open access. 
The tip of the catheter was guided to be placed in the middle 
hepatic vein and advanced till it stopped in the liver and 
could not be moved further. The position of the catheter was 
confirmed by palpation. After the 3 probes were inserted, the 
inlets of the tubings were connected to microinfusion pumps 
(CMA 106 microinjection pump; CMA Microdialysis AB, 
Stockholm, Sweden) and perfusion started. A Ringer acetate-
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like solution, T1 (containing sodium 147 mmol/L, potassium 
4 mmol/L, calcium 2.3 mmol/L, osmolality 290 mmol/
kg, pH 6; CMA Microdialysis AB, Stockholm, Sweden) was 
pumped through the catheters. The flow rate was 0.3 µl/min 
in the intrahepatic and subcutaneous catheters and 1 µl/min 
in the hepatic vein catheter.

During a 2-hour period of equilibration, a steady state 
was achieved after 1 hour of catheter placement. The hepatic 
arteries were dissected and prepared for occlusion and were 
clamped 1 hour later. This was done by isolation, ligation and 
division of the vessels. The arterial supply was clamped for a 
period of 4 hours to induce hepatic ischemia. Throughout the 
equilibration period and the clamping, dialysate samples were 
collected at 15-minute intervals from the intrahepatic and 
intravenous catheter. Samples were collected at 30-minute 
intervals from the subcutaneous catheter. The liver was 
not manipulated during the monitoring period. Dialysates 
were analysed for glucose, glycerol, lactate and pyruvate 
and the lactate/pyruvate ratio (L/Pr) was calculated. The 
samples were analysed using colorimetric methods with a 
CMA 600 microdialysis analyzer (CMA Microdialysis AB), a 
clinical chemistry analyzer using enzymatic reagents and 
colorimetric measurements immediately after sampling. 
At the end of the experiment the pigs were sacrificed by an 
overdose of anaesthesia. The samples after being analyzed 
for glucose, glycerol, lactate and pyruvate were discarded. 

The study was approved by the local animal ethics 
committee at the Karolinska Institute. Animals received 
care in accordance with the Swedish regulations on animal 
experimentation. All operative procedures and handling 

of the microdialysis were done under clean but not sterile 
conditions.

Statistics

Data are presented as mean + 95% confidence intervals 
for each metabolite (Glucose, Lactate, Pyruvate, Glycerol and 
the L/Pr) and for each catheter (Intrahepatic, Hepatic vein 
and Subcutaneous). Results were compared using ANOVA 
for repeated measurements. In case of significant difference 
between groups over time, analyses were complemented 
with the Bonferroni post-hoc test. Statistical analyses were 
performed using Statistica 13.2 software program. P values 
<0.05 were considered statistically significant.

Results

There were no complications associated with the 
insertion or removal of the microdialysis catheters. The 
results are presented in the graphs presented in Figures 1-5. 
There were no differences over time in the glucose levels 
measured by all 3 catheters both before and after arterial 
clamping (Figure 1). Glycerol levels measured over time 
in each catheter showed no significant changes before and 
after arterial clamping (Figure 2). There were significant 
differences in lactate levels measured between the catheters 
(p<0.01). Lactate levels measured by the subcutaneous 
catheter between 60-120 minutes and in the intrahepatic 
catheter between 105-150 minutes after arterial clamping 
lactate were significantly higher as compared to before 
clamping (Figure 3). 

Figure 1: Glucose concentrations measured by the microdialysis catheters in the liver, hepatic vein and the subcutaneous 
tissue (mean ±95% CI). There were no significant changes over time before and after arterial clamping and between the values 
measured by the catheters.
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Figure 2: Glycerol concentrations measured by the microdialysis catheters showed no significant changes over time and 
between the 3 catheters (mean ±95% CI).

Figure 3: Lactate concentrations levels measured by the intrahepatic and the subcutaneous catheters increased significantly 
after arterial clamping with a time lag for this increase to be detected in the intrahepatic catheter (mean ±95% CI). Lactate 
measured by the hepatic vein catheter showed no change over time. 

There were significant differences between pyruvate 
levels measured in the different catheters (p<0.001) with 
an increase in pyruvate levels subcutaneously between 60-
120 minutes after arterial clamping (p<0.01). There was a 

decrease in pyruvate levels measured in the intrahepatic 
catheters from 90 minutes onwards after clamping (p<0.001) 
(Figure 4). There was no difference in the L/Pr measured by 
the 3 catheters (Figure 5).
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Figure 4: Pyruvate concentrations showed significant changes over time in the subcutaneous and intrahepatic catheters (mean 
±95% CI). Pyruvate levels increased subcutaneously between 60-120 minutes and decreased in the intrahepatic catheters 
from 90 minutes onwards after hepatic arterial clamping. 

Figure 5: Calculated L/Pr for the 3 catheters showed no significant changes over time (mean ±95% CI).

Discussion

Ischemia causes a shift of the intracellular metabolism 
from aerobic to anaerobic and ATP production can proceed 
only by the reduction of pyruvate to lactate. This results in 
an increase in lactate levels and a corresponding decrease in 
pyruvate resulting in an increase in the L/Pr [7]. Evaluation 
of our results shows that lactate levels measured by 
the intrahepatic and subcutaneous catheters increased 
significantly after hepatic arterial clamping (Figure 3). Our 
results show that glucose and glycerol levels and the L/Pr 

increased in the intrahepatic catheters although the levels 
did not reach statistical significance (Figures 1,2,5). This 
could be due to the low number of pigs (n=8) and the wide 
variation. Pyruvate levels measured by the intrahepatic 
catheter showed a significant decrease post-clamping (Figure 
4). The findings of the present study are similar to results 
previously published by our group in a similar pig liver 
model of warm ischemia [13]. Like the findings of that study, 
glucose, lactate, glycerol levels and the L/Pr in the present 
study after an initial rise, continued to decline spontaneously 
despite persistent clamping. This could be because of a 
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possible increase in oxygen extraction by the hepatocytes 
from portal venous blood as we performed only a selective 
arterial clamping. What was novel in the present study is 
that pyruvate levels measured by the subcutaneous catheter 
showed a significant increase during the clamping phase 
while pyruvate levels declined in the liver. We speculate that 
this could suggest a systemic hypermetabolism as a response 
to the hepatic ischemia and could be part of a stress reaction. 

The main aim of our study was to investigate whether 
microdialysis sampling of blood in the hepatic vein would 
reflect the metabolic environment and changes in the 
hepatic interstitial fluid directly sampled by an intrahepatic 
microdialysis catheter. Our results clearly show that none of 
the above changes in response to hepatic arterial clamping 
detected by the intrahepatic and subcutaneous catheters 
were registered in the hepatic vein catheter. Levels of 
glucose, glycerol, lactate and pyruvate and the calculated L/
Pr remained stable throughout the experimental period in 
the hepatic vein catheter. 

Intravascular microdialysis has been used previously 
for the monitoring of glucose and lactate. This has been 
evaluated in both animal models and post-cardiac surgery 
and in the intensive care setting in humans [4,14-16]. 
These studies have demonstrated the technical feasibility 
of intravascular microdialysis. Results have shown 
good correlation between measurements made by the 
intravenously placed microdialysis catheter with arterial 
blood gas measurements for example [17]. Cannulating 
the hepatic vein is standard for procedures like TIPS 
(Transjugular Intrahepatic Portosystemic Shunt) creation 
and HVPG (Hepatic venous pressure gradient) measurement 
[18,19]. The usual route used for access is via the right or 
left internal jugular veins and this approach was used in 
our experiment. Intraoperative palpation was used to place 
the tip of the hepatic vein catheter as far into the liver as 
possible to be as close to the parenchyma. This control of 
catheter position in clinical practice can be evaluated using 
ultrasound examination. This was done to avoid the effect of 
dilution if the catheter membrane and tip was too far from 
the tissue of interest. Nonetheless, this could have played 
a factor in the results. Also, the hepatic venous outflow is a 
‘high flow’ system and this could be a factor, which reduced 
the recovery of the metabolites. While this factor cannot be 
modified, increasing the membrane length could be one way 
to increase recovery. Another method would be to adjust the 
perfusion flow rate in the catheter to increase the recovery 
[20-22]. Catheter perfusion flow rates of 0.5, 1 and 2 µl/min 
have been used to optimize recovery with better results by 
decreasing the perfusion rate [20]. Disregarding the technical 
aspects of the study, it could also be that the composition of 
hepatic venous blood is not comparable to that of the hepatic 
interstitial environment (similar to the blood-brain barrier?) 

thus making this method unsuitable for hepatic metabolic 
monitoring. 

In conclusion, our results show that while hepatic vein 
microdialysis is a conceptually attractive idea, in the present 
study it could not be used to represent direct intrahepatic 
microdialysis for detection and metabolic monitoring of 
changes induced by hepatic arterial ischemia, which cause 
significant injury and metabolic disturbances in the liver. 
Perhaps identification of other molecules or refinement of 
the technique may make it a feasible method in the future. 
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