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ORIGINAL ARTICLE

Measurement of intraperitoneal metabolites during hypothermic
cardiopulmonary bypass using microdialysis

RAJESHWARA K. P. ADLURI!, ARVIND V. SINGH!, JULIAN SKOYLES?, MYA BAKER?
& IAN M. MITCHELL!

I Department of Cardiac Surgery, The Trent Cardiac Centre, Nottingham City Hospital NHS Trust, Nottingham, UK,
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3Department of Clinical Perfusion, The Trent Cardiac Centre, Nottingham City Hospital NHS Trust, Nottingham, UK

Abstract

Objective. Splanchnic hypoxia, with resultant mucosal acidosis during cardiopulmonary bypass (CPB) has been demon-
strated using tonometry. Microdialysis is a minimally-invasive method of obtaining peritoneal fluid samples. We measured
the intraperitoneal metabolites during peri-operative period following hypothermic CPB and studied the safety of intra-
peritoneal microdialysis. Design. Eleven consecutive patients undergoing coronary artery bypass grafting (CABG) were
included after obtaining ethics committee approval and informed consent. Microdialysis catheters were placed intraperito-
neally after sternotomy. Intraperitoneal samples and arterial blood samples were obtained peri-operatively for first 24 hours.
The samples were analysed for levels of glucose, lactate, pyruvate and glycerol. Repeated measures ANOVA test was used
to compare timed serum and intraperitoneal samples. Results. The study population included nine males and two females
with a mean age of 63.7 = 11 years. The mean CPB and X clamp times were 50.9 = 7.3 minutes and 27.3 * 4.9 minutes,
respectively. There were no complications related to microdialysis. The intraperitoneal lactate (L), pyruvate (P) and glycerol
increased during CPB and four to six hours postoperatively. The L:P ratio was >10:1 during CPB, but in the postoperative
period showed evidence of impaired oxygen utilisation. Conclusions. This prospective study confirms incidence of intra-
peritoneal anaerobic metabolism of glucose during CPB and impaired utilisation of glucose in the postoperative period.
Microdialysis provides a novel and minimally-invasive method to measure real time intraperitoneal events.
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A reduction in splanchnic blood flow occurs in the
peri-operative period following cardiac surgery with
or without cardiopulmonary bypass (CPB) (1). The
resultant hypoxia and reperfusion injury in the
recovery phase has been hypothesised to contribute
to the postoperative systemic inflammatory response
(2). Elevated levels of serum endotoxins (3), increased
gut permeability (4) and increased levels of intrap-
eritoneal inflammatory markers (5) all support this
hypothesis. Gastric tonometry (6), hepatic venous
oxygen saturation measurement (7) and indocyanine
green dye disappearance method (8) have been
used to demonstrate splanchnic hypoperfusion.
However, these methods use indirect means to assess

the incidence and the severity of splanchnic hypoxia,
and have a lag period between the intraperitoneal
events and their measurement.

In wvivo microdialysis has emerged as a useful
technique to measure the levels of extra-cellular fluid
contents particularly metabolites of anaerobic metab-
olism of glucose. Microdialysis catheter has a double
lumen catheter with a semi-permeable membrane at
its end, which is placed in the tissue of choice and a
balanced solution is perfused at a constant rate (9).
Following diffusion of molecules according to their
concentration gradient the sample fluid is collected
in micropipettes and analysed. Recent advances in
chemical detectors (requiring microlitres of fluid for
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analysis) and miniaturisation of probe size made it
possible for the catheters to be placed in different
sites like subcutaneous tissues (10), brain (11), liver
(12), heart (13) and muscle (14). Samples can be
obtained as timed samples and analysed or real time
bedside monitoring can be performed by connecting
the catheter to the analyser.

Based on the work of DeLaurier et al., which sug-
gested that analysis of peritoneal fluid may be good
marker of serious pathologic events (15), researchers
have seen a potential role for monitoring intraperito-
neal events as markers of splanchnic hypoxia. It has
been shown that serosal surfaces of gut are more vul-
nerable to direct chemical and bacterial insults in
experimental peritonitis and sepsis (16,17). Conse-
quently, measurements near serosa may be particu-
larly sensitive at detecting occult hypoxia of gut.
Experimental data on intraperitoneal microdialysis
have suggested that early detection of intestinal ischae-
mia is possible using the lactate/pyruvate (I/P) ratio
(18). Previous human studies confirmed the safety
and reliability of this method (20). The aim of the
present study was to investigate the role of intraperi-
toneal microdialysis to assess the incidence and sever-
ity of anaerobic metabolism consequent to gut hypoxia
in the immediate postoperative period following CPB.
Intraperitoneal lactate, pyruvate, glycerol levels were
measured and intraperitoneal L/P ratio was moni-
tored to assess the severity of splanchnic hypoxia.

Material and methods
Protocol

We obtained the local ethics committee approval
for this prospective observational study. Eleven
consecutive patients with good or moderate left ven-
tricular function undergoing elective or urgent coro-
nary artery bypass grafting (CABG) were included
in the study after obtaining informed consent. All
patients had a similar anaesthetic, operative and
perfusion protocol. Patients with impaired liver and
renal function, patients on steroids and other anti-
inflammatory medications, poor left ventricular func-
tion, those undergoing emergency procedures, or
had previous abdominal surgery and those requiring
inotropes or intra-aortic balloon pump either pre
or postoperatively were excluded from the study.
Medication like angiotensin-converting enzyme
(ACE) inhibitors and calcium channel blockers were
avoided on the day of operation. Following induction
of general anaesthesia and median sternotomy a
small incision was made in the central tendon of dia-
phragm and microdialysis catheter introduced into
the peritoneal cavity under vision. The defect in the
diaphragm was closed immediately. The catheter

was positioned to remain in the upper abdomen, as
hypoxia involves whole of splanchnic bed the position
of catheter was deemed inconsequential (21). Sam-
ples were obtained at 20-minute intervals intra-
operatively and at two hourly intervals in the
postoperative period. The first washout sample was
discarded and a pre-bypass sample obtained, fol-
lowed by two samples during CPB and one sample
around the time of protamine administration. Fol-
lowing return to the intensive care unit (ICU) further
samples were obtained at two hourly intervals. Simul-
taneous arterial blood gas samples were obtained.

Anaesthetic protocol

General anaesthesia was induced using intravenous
Fentanyl at a dose of 15-20 ug/kg and Propofol at a
dose of 0.5 mg/kg and was maintained with Isoflu-
rane at an end tidal concentration of 0.5-1.0% and
Propofol infusion at 2—3 mg/kg/hr. Muscle relaxation
was achieved using Pancuronium 0.1 mg/kg. Central
venous pressure and arterial pressure monitoring was
performed peri-operatively.

Perfusion protocol

Cardiopulmonary bypass circuit was constructed
using a hollow fibre oxygenator Jostra Oxygenator
(Maquet inc., New Jersey, USA), a Stockert roller
pump set — S3, a Quart (Jostra) Arterial Filter (Mac-
quet Inc., New Jersey, USA) Arterial filter. All
patients were commenced on bypass using a two
staged atrial cannula (Medtronic) and an aortic can-
nula (DLP-Medtronic). A temperature of 28°C was
aimed for when cooling the patients. Flow rate was
maintained at 2.4 /min/m? during normothermia
and was reduced to 1.8 I/min/m? when the target
core temperature of 28°C was achieved. Following
commencement of bypass and application of aortic
cross clamp antegrade intermittent cold blood car-
dioplegia (Harefield formula cardioplegia solution)
was delivered at regular intervals of 20 minutes. An
alpha stat method was used to maintain the pH and
acid base status of the patient. During CPB, the
mean arterial pressure was maintained at 55-70
mmHg and hematocrit at 20-25%.

Microdialysis

The microdialysis catheter is a thin, double lumen,
concentric plastic tube with a 30 mm semi-permeable
tubular membrane (cut-off pore size at 20 000 Dalton)
at its distal end.

Through an incision in the diaphragm the cathe-
ter was introduced intraperitoneally and brought to
the surface through the skin (like an epicardial pacing



wire). The CMA 62 gastrointestinal catheter with
210 mm shaft and 30 mm membrane (CMA Microdi-
alysis, Stockholm, Sweden) was used. A physiological
fluid (T1 — CMA Microdialysis AB, Stockholm,
Sweden: Na — 147 mmol; K — 4 mmol; Ca — 2.3 mmol;
Cl — 156 mmol; pH — 6) was pumped with a speed
of 0.2 ul/min from a CMA 106 microdialysis pump
(CMA Microdialysis AB, Stockholm, Sweden). The
fluid flows through the outer tube of the catheter
and flows underneath the membrane, where the
exchange between the intraperitoneal fluid and per-
fusion fluid takes place. At the tip, the fluid flows
through a small hole into the inner tube and is finally
collected in a microvial, for future analysis. The
dialysate was analysed for glucose, pyruvate, lactate
and glycerol using CMA 600 Microdialysis analyser
(CMA Microdialysis AB, Stockholm, Sweden).

Statistical analysis

The current study is a pilot study to quantify the
extent of anaerobic metabolism as a consequence of
splanchnic hypoxia, hence power calculation was
not performed. Serum and intraperitoneal levels of
metabolites were compared using repeated measures
ANOVA test. SPSS software (SPSS inc. USA)
version-15 was used for statistical analysis.

Results

The study population consisted of nine males and
two females with mean age of 63.7 = 11 years
(median 64 and range of 62-68 years) (Table I).
The mean body surface area was 1.91 = 0.09 m?.
Nine patients had good left ventricular (V) function
and two had moderate LV function. The mean CPB
time was 50.9 * 7.3 minutes and the mean aortic
cross clamp time was 27.3 * 4.9 minutes. The mean
temperature to which patients were cooled was
29.56 = 1.3°C. The average number of grafts that
were performed were 2.8 = 0.2 (median 3 and range
of 2-4). There were no complications related to
the insertion of and removal of the microdialysis

Table I. Demographic and operative details of the study group.

Variable Average = S.D. Median (range)
Age (years) 63.7 = 11.1 64 (62-68)
Male: Female (n) 9:2
Body Surface area (m?) 1.91 = 0.1
LV function

Good (n) 9

Moderate (n) 2
CPB time (min) 50.9 =+ 7.3
X clamp time (min) 273 £ 1.3
Number of grafts (n) 2.8 £0.2 3 (24)
Lowest Temperature (°C) 29.6 = 1.3
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catheters. None of the patients required inotropic
support or vasoconstrictors in the postoperative
period. One patient’s recovery was complicated with
atrial fibrillation, which was treated medically.

Comparison of the trends in the serum and intra-
peritoneal levels of glucose showed lower intraperi-
toneal glucose levels before CPB, which then equalled
the serum levels during CPB, however, in the post-
operative period the intraperitoneal glucose levels
doubled (up to 19 mmol/l) (p = 0.032) when com-
pared to serum levels (Figure 1a, b). All patients were
treated with insulin infusions (following a standard
sliding scale) to keep blood glucose levels in the
physiological range (7.0-9.0 mmol/l).

Serum lactate levels were higher than intraperi-
toneal lactate levels before and during CPB
(Figure 2a, b). However, the intraperitoneal levels
started increasing four to eight hours postoperatively,
about two hours after corresponding peak of intrap-
eritoneal glucose levels. The intraperitoneal lactate
levels increased up to a mean of 2.0 mmol/l during
CPB, but subsequently increased to 6.0 mmol/l
(six times that of corresponding serum levels)
(p = 0.043).The serum lactate levels remained rela-
tively stable (0.5-1.0 mmol/l) with little elevation
during CPB and postoperative periods.
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Trends in Serum and Intraperitoneal Lactate levels
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Figure 2a,b. Comparison of the trends of serum and intraperitoneal
lactate levels (mean and S.D.).

The intraperitoneal levels of pyruvate decreased
during CPB, but increased to a mean 125 umol/l
during the postoperative period, with peak levels
reaching eight hours after CPB, corresponding to the
peak lactate levels (Figure 3a, b). The intraperitoneal
levels of glycerol increased to a mean value of
260 umol/l during CPB and to a mean value of
220 umol/l in the postoperative period (Figure 4a,
b). The corresponding serum pyruvate and glycerol
could not be measured for comparison, due to non-
availability of analysing apparatus. The normal intra-
peritoneal levels and the highest levels following
CPB are shown in Table II.

The lactate to pyruvate ratio normally is less than
10:1, however a ratio of >10:1 suggests that oxygen
delivery is inadequate to meet metabolic demand,
whereas an increase in both lactate and pyruvate with
preservation of normal lactate:pyruvate ratio sug-
gests a defect in oxygen utilisation despite adequate
oxygen supply (22). The L:P ratio during CPB
increased to >30:1 where as the ratio returned to
normal range (<10:1) despite the elevated lactate
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Figure 3a, b. Trends of intraperitoneal pyruvate levels (mean
and S.D.).

and pyruvate levels in the peritoneal cavity during
the postoperative period (Figure 5a, b).

Discussion

Intraperitoneal microdialysis, which was first tested
in pigs, (19) has currently emerged as an important
research and clinical tool to monitor early ischaemic
changes following neurosurgical procedures, plastic
surgical procedures involving muscle flap reconstruc-
tions, liver transplant and bowel anastamosis. The
current study is the first where microdialysis has
been used to monitor products of anaerobic metabo-
lism intraperitoneally following cardiac surgery.
The principle of microdialysis is to mimic a cap-
illary. The catheter is perfused with an isotonic ringer
solution. Metabolites from the tissue diffuse across
the dialysis membrane into the perfusion fluid, which
is collected for bedside analysis. The substances mea-
sured in the perfusate reflect both the metabolism of
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the tissues and substances delivered to the tissue
from the blood. Depending on the size of the pores
in the semi-permeable membrane various substances
such as gut hormones, inflammatory cytokines can
be measured in real time.

The principle findings of the current study are

that:

a) anaerobic metabolism of glucose occurs during
hypothermic CPB reflecting an impaired oxygen
delivery;

b) impaired oxygen utilisation occurs in the post-
operative period represented by normal L:P
ratio but elevated levels of lactate and pyruvate;

c) elevated glycerol levels during CPB indicate
mucosal cellular damage.

CPB is associated with a reduction of splanchnic
and renal blood flow due to a combination of
hypothermia and non-pulsatile flow. The hypoxic
state consequent to hypo-perfusion leads to mucosal
damage, increased mucosal permeability, release of
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Table II. Normal values, of intraperitoneal and subcutaneous
microdialysis in measurements of lactate/pyruvate ratio, glucose
and glycerol. (reproduced with permission from Jansson et al. (29))

Intraperitoneal Subcutaneous

Lower Upper Lower Upper

value value value value
Glucose (mmol) 5.6 11.9 3.5 12.6
Glycerol (umol) 38 221 109 489
L:P ratio 7.3 19.4 6.2 13.3

endotoxins and contribute to the postoperative
systemic inflammatory response.

Impaired blood flow results in a decrease in oxy-
gen delivery, which forces the tissue to switch to
anaerobic metabolism, with a resultant increase in
tissue lactate. Lactate is the end product of anaerobic
metabolism and is in dynamic equilibrium with its
precursor pyruvate (maintaining a ratio of L:P of
<10:1). Lactate alone is not a good marker of anaer-
obic metabolism secondary to hypoxia, because an
increase in lactate could result from increased metab-
olism, hence L:P ratio is a good indicator of ischemia
(23,24). If supply of oxygen is insufficient and anaer-
obic conditions continue to prevail, the pyruvate will
decrease resulting in an increase in L:P ratio (L:P
ratio >10:1) suggesting that oxygen delivery is inad-
equate to meet the metabolic demand of tissue.
Whereas increases in both lactate and pyruvate
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Figure 6. Microdialysis catheter.

values with preservation of normal lactate/pyruvate
ratio suggest a defect in oxidative utilisation, despite
adequate oxygen supply (due to increase in the
inactive form of pyruvate dehydrogenase enzyme
complex).

The timing of elevation of lactate and pyruvate
indicate that during hypothermic cardiopulmonary
bypass, the splanchnic perfusion remains inadequate
and the organs switch to anaerobic metabolism,
marked by elevation of lactate and pyruvate. Follow-
ing removal of cross clamp and rewarming, a reperfu-
sion phase begins that lasts for four to six hours
in the postoperative period. This phenomenon was
demonstrated in studies using gastric tonometry.
The impaired utilisation of oxygen during the post-
operative period could be the result of reperfusion
injury (secondary to oxygen free radicals etc.),
where the gut mucosal cells are unable to resume
their normal aerobic metabolism despite adequate
oxygen supply.

Glycerol is a marker of cell membrane damage
(25-28). When a cell degenerates, the phospholipids
of the cell membrane are degraded by phospholi-
pases, resulting in release of fatty acids and glycerol.
Intraperitoneal glycerol levels increased more during
CPB than in the postoperative period suggesting
cellular damage during hypoxia during CPB.
Riddington et al. (3), have demonstrated the form of
increased intestinal permeability which is a reflection
of cell membrane damage (7).

Limitations

The number of patients in this study is small, limit-
ing the conclusions that can be drawn, however, this
study confirms that microdialysis is a safe research
tool. Comparison with other established tools like
tonometry was not performed, because the aim of
the study was to assess feasibility. Future studies can
be aimed at comparing splanchnic events in patients

undergoing normothermic bypass or off-pump
CABG (OPCAB) versus hypothermia. The principle
aim of this study was to confirm the safety of
intraperitoneal microdialysis in the setting of cardiac
surgery.

Conclusions

The findings of this study confirm that anaerobic
metabolites are released intraperitoneally during
hypothermic CPB, which could be reflection of
hypoxia secondary to hypoperfusion. This intra-
operative hypoxic state is followed by a reperfusion
phase characterised by impaired utilisation of oxygen
in the postoperative period, which can lead to
impaired gut function. Microdialysis provides a real
time continuous method of monitoring intraperito-
neal metabolites. Microdialysis has the potential to
be used in measuring intraperitoneal levels of various
gut hormones, inflammatory markers, endotoxins,
etc. The real time information obtained thus can be
used to modify management and confirm the improve-
ment following intervention. We conclude that
microdialysis is safe and can play a key role in under-
standing splanchnic perfusion in future studies.
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