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ABSTRACT

This paper reviews the characteristics of perfusion techniques in the study of intcstinal
functions by specifically examining the methods and procedures of perfusion in patients with
diarthoea duc to infection with V. cholemse 01. Because of abundant jcjunal secrction of
water and electrolytes in cholera, perfusion studies require special approaches with regard to

patient prcparation, usc of tubing matecral, selection of markcrs, and rate of perfusion. A
discussion on specific problems involved in marker perfusion techniques in cholera and on

the interpretation of the resalts is followed by practical recommendations.
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INTRODUCTION

The intestinal perfusion technique using a non-—
absorbable marker is a procedure for the quantitative
asscssment of intestinal absorption and secretion (1-
7). As such, the technigue has been applied io the
study of the following condilions: the physiology of
the exocrinc pancreas (8-17); the physiology of the
small and large intestine {18 —23); the pathophysio—
logy of the small intestine during cholera and other
diarrhoeal diseases (24-262‘; and the pathophysiology
of the colon during diarrhoea due to cholera and
shigellosis (27-29). Expcrimental models for the
study of water and solute tramsport in man have
been important for the development of oral rchydra—
tion solutions (20,30,31). The idcal model for such
investigations provides for rates of gastric emplying
and of intestinal absorption and secretion (31). At
present, the steady—state perfusion tcchnique is the
only satisfactory method for the study of regional
absorption of water and solutes in the intact human

gut (31).
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Intestinal seccretion in  cholera constitutes the
prototype for any watery diarrhoca, and the use of

rfusion technique has been the method of choice
in the study of intestinal transport of salt and water
in cholera (19,32). In severe cholera, however, the
intestinal secretion is so abundant that it poses
specific problems to the marker perfusion method
{33). This paper reviews some of these problems.

PATIENT PREPARATION

To monitor fluid —losses and fluid — requirements,
cholera patients are best managed on a "cholera cot’,
a specially — designed plastic — lmed bed supported by
a collapsible wooden frame. The bed has a hole in
the middle through which stool is collected into a
calibrated bucket. Stool losses are measured every i
to 4 hours by trained personnel to estimate the
patient’s requircments for rehydration. Before the
patieat is intubated orally, Huid losses due to
vomiting and diarrthoea must be fully replaced by
rehydration floids. Rehydration will diminish the
nausca that usually accompanies acute cholera and
will facilitate intubation. For this replaccment, a
special intravenous rehydration solution (the Dhaka
solution) developed for cholera and other diarrhoeal
patients is recommended. It contains per litre 133
mmol Na, 13 mmol K, 98 mmol Cl and 48 mmol
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bicarbonate, thus reflecting the proportional loss of
electrolytes in the rectal effluent of cholera patients
(34,35). The usual intravenous rehydration rate is 100
m]/kﬁ”lAh‘l, but will depend on the degree of
dehydration (36).

Preceding and during the perfusion procedure the
patient is given nothing by mouth, but afterward,
antibiotics and foods are allowed (37). At no time
duning perfusion procedures must the patient be left .
without professional attendance.

INTUBATION

Tubes. The basic method of perfusion studies
involves inserting a flexble, radiopaque, oro-—
intestinal, multilumen tube into the gut at specified
levels (4~6). At the tip, these tubes have a mercury
weighted balloon to aid in propulsion. The tube is
swallowed by the patient in an upright position and
then the patient lies down, face up. To ensure that
the tube has reached the jejunum, a small amount of
fluid is aspirated and is checked for alkalinity. Te
determine whether the tube lies with its tip 40 cm
beyond the duodeno - jejunal junction, the ligament
of Treitz, fluoroscopy 1s performed both before and
after each perfusion (33). The test solution that
contains a non— absorbable marker is warmed to
37°C and perfused, at a constant rate, into the
intestine through the proximal orifice in one lumen
of the tube (3,38). The solution passes down the
intestine and 1s sampled by aspiration via a distal
orifice in another lumen of the tube. The effluent is
collected on ice and kept frozen at -70°C until
used. -—

The tubes should be made of flexible material
with an inner diameter of about 2 mm, a length of
90 cm from teeth to duodenojejunal junction —
resulting in a dead space of about 6 ml and with
several openings at the collection sites to prevent
mucus plugs from blocking them (3); de —blockin
manceuvres tend to influence the composition o
subsequent samples.

The following types of tubings are commonly used
in small intestinal perfusion:

I. Tubes with praximal occluding- balloon. The
advantage of such a tube is the prevention of
artifacts that may occur as a result of reflux and
contamination by proximal secretions. Absorption
rates of solutes and water that are calculated from
aspirates taken with the balloon deflated are
ggg:rally higher than when the balloon is inflated,

use of reflux of the infusion solution proximal to
the point of infusion (38,39). A disadvantage of this
method is that the balloon might alter the absorption
rates by influencing intestinal motility and mucosal
blood flow (4,39).

1I. Tubes without occluding~balloons. There cxists
some controversy about whether to use a double—
or a triple —lumen tube. A double —lumen tube has
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one infusion port and one collection port, providing
for a combined mixing and study segment. This may
lead to improper mixing of the marker with the
solute, to an unpredictable degree of reflux, and an
over - eslimation of absorption of substances, glucose
in particular (40). Consequently, the two—Ilumen
tube technique used in the study of water and
electrolyte absorption tends to result in inaccuracies
(2). Therefore, a triple —lumen tube with a 1.6 to
1.8 mm lumen, with an infusion port (IP), a proximal
collection port (PP) and a distal port (DP) is
preferred, because it scparates the mixing segment
(between IP and PP) from the study segment
(between PP, and DP). In most studies, the length
of the mixing segment is 15 cm and that of the
study segment is 30 cm (figure). Inserting a separate
gastric tube could help prevent proximal secretions
from contaminating the study segment, with little
discomfort to the patient (23). '
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Figure: Diagram of the small intestine with a triple — lumen
tube illustrating the triple - lumen perfusion technique.

TIMING

To avoid changes in sampled fluid composition
duee to diumnal vanation, intubation and perfusion of
paticois within the same study should be carried out
at the same hours of the day (4).

RATES OF PERFUSION

The accuracy of perfusion methods is determined
by two main factors (1); 1) the degree to which the
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infused test solution mixes with _endogenous
substance; and 2) the degree to which™a steady-
state can be achicved.

Under the experimental conditions of perfusion,
involving fixed and inert tubing wmaterial and
solutions that are directly perfused into the small
intestine, the intestinal motility may differ from
normal peristalsis (3). Yet, the method assumes that
- during a steady-—state, homogeneity of intestinal
contents and a constant flow—rate are reached at
each point of the test segment. To achieve completc
cquilibrium between infusion solution and intestinal
secretion, a minimum period of infusion is required.
Conventionally, a 60— minute wash-out period has
been recommended after cach of successive solutions
§3). However, when varous ucose — electrolyte
ormulations were successively pe d in 19 cholera
. patients, intervals of only 30 minutes proved to be
sufficient to achieve steady-state conditions (FPL
van Loon, ef al., manuscript under review). Intestinal
peristalsis, endogenous secretions and reflux of the
study solution may account for some variation in the
composition of the aspirates,” but upper intestinal
secrctions should not noticeably interfere with jejunal
fluid and electrolyte absorption when gastric
secretions are aspirated separately (30). To determine
whether steady —state conditions are indeed achieved
during perfusion, one should calculate the percentage
recovery of the marker (41). It is equally important
to measure transit times over the study scgment,

especially when repeat perfusions are performed to’

comparc acute and convalescent phases of illness
(41). To assess the flow—rate over the study

segment__per study perod, aspirations should be-

performed every 5 or 10 minutes, alternatively from
the proximal and distal ports (41). This is called
"pairwisc staggering” and usually requires more than
one person to manage.

Absorption 'as measured from a column. of fluid
in a state of equilibrium is probably different from
the absorption of a meal or a normally ingested
solution. In addition, true steady—state conditions
are vittually impossible to achieve and in practice
collections are made over periods of 10 to 15
minutes, to level out the effect of short—term
variations. Steady —state is assumed to have existed
during the procedure when, aficr laboratory analysis,
marker concentrations appear to have been constant
during four subsequent time intervals (42). Once
that is the case, the nét absorption rate of water and
solutes can be calculated from the perfusion rate on
the one hand, and the marker and solute
concentrations from the paired proximal and distal
aspirates on the other hand (33). Under high
infusion rates, however, laminar flows may develop in
the perfused segment causing the composition of the
central liquid column to difler from the Jateral fluid
column along the luminal wall (3). Flow - rates,
thus, influence the concentrations of the aspirated
substances (30,42). Steady—state perfusion is usually
performed at a rate of 7 ml per minute or more, so
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that flow—rate and concentration at each point of
the perfusion segment remain almost constant. In
whole — gut perfusion studies, initially identical flow—
rates of different solutions appear to  gradually
change as they moved down the intestine (42). For
the study of substances with a high turn—over at the
enterocyte surface, slow —marker perfusion performed
at a rate of 0.5 to 5 ml per minute might, however,
be more appropriate, provided that the results are
reproducible (24,30).

Net water and electrolyte absorption and flow
rates at the proximal and distal collecting sites are
calculated witE the following non — absorbable marker
equations (33), in which F, = flow entering study
segment (ml/min), Fj = flow rate leaving study
scgment (ml/min), [ = infusion rate (ml/min),
M;,q = marker concentration in the infusion
soliftion and at proximal port (P) and distal port
(D) respectively (g/!), and AH2O = net transmural

fluid transport rate (mlhour~Lem—1), A =
aspiration rate (ml/min):
M)
F, =1 X — -A
M,
[M]
3 =F, X —
Ml
FI - F
AH0 =——— X 6
30
F, X Nag — F, X Nay
ANa = — d ¢ X 60 X 1000
30
Positive values indicate mnet secretion, while

negative values indicate net absorption of fluid.
Secrction means a net gain of fluid within the
intestinal lumen, but does not indicate whether this
process is active or passive. SNa, and similarly AK,
ACl and AHCOq correspond to net transmural
transport rates of sodiuri;, potassium, chloride, and
bicarbonate (umolhour ~Lem ™'} respectively. Given
the circumstances of countries where cholera is
studied, batiery—run pumps are advised to warrant
uninterrupted electric power supply and constant
infusion rates.

Manual aspiration of fluid samples is preferred to
suction by pump or siphonage, bccause using a
ump may lead to suctioning of the tube onto the
{)umina] wall, and siphoning may influence the
composition of the rectal effluent and make study
parameters in the stool unreliable.

MARKERS

An ideal internal marker should meet the
following requirements (38): it should not be subject
to absorption or destruction in the intestine; it
should be homogenously distributed within the



136 J Diarrhoeal Dis Res Scp 1992

intestinal lumen and not be trapped in the intestinal
contents, such as mucus; it should be indifferent to
intestinal contents or motility; it should not interfere
with the digestion of the substance unrder study; and
it should lend itself to easy and accurate estimation
in the laboratory. Markers are, therefore, usually
water — soluble substances of high molecular weight.
Radioactive markers are genera%ly not accepted for
studies in countries where cholera occurs.

Bromosulphophthalein (BSP) is a reliable marker
when the intestinal fluid pH remains within the
narrow range of 62 to 68 BSP colorimetry is
highly accurate in the absence of bile; " the
measurement of polyethylene glycol (mostly PEG
4000} by turbidimetry is reliable at any pH, but
lengthy and cumbersome in practice (4,43). The
marker phenolsulphonphthalein (PSP,. "phenol red"
has the disadvantage of -binding to proteins, such as
albumin, which results in an uneven distribution
within the intestinal content (4).

SOLUTES

Perfusion solutions ought to be isotonic (300
mOsm/]) to prevent osmotic shifis of fluids. In a
sequential perfusion procedure, one may want to
regain "baseline conditions”, by perfusing balanced
salt solution (BSS) prior to, and following, the
perfusion  of the experimental solutions. This
"sandwich technique” enables the researcher 1o
correct for temporal shifts in solute concentrations
during the natural course of cholera. BSS has a
composition similar to plasma (Na 145 mmol/l, K §
mmol/l, Cl 135 mmol/fl, 15 HCO3 mmol/l) and thus
serves as reference for the actual solutions under
study.

The following paragraph discusses solutes of
relevance for the interpretation of perfusion study
results, in particular when performed for the
development of new oral rehydration solutions.

Sodium. The intestinal sodium transfer rate from
sodium containing solutions is related to the sodium
concentration in the lumen and is dependent on
water movements predominantly in the proximal
small intestine (6). In the jejunum, sodium absorption
is stimulated by glucose, bicarbonate, and a number
of amino acids, and water, ordinarily coupled in a
given proportion to the total solute concentration,
follows passively the osmotic gradient (23,45 - 48).
Sodium  cotransport, .which takes place in the
superficial cells, is proportional to the intraluminal
bicarbonate concentration, but sodium secretion,
which occurs in the crypt cells, is not (6). The
luminal concentration of organic solutes is not the
only determinant  for  electrolyte and  water
absorption; other factors such as the concentration of
sodiurn, and the osmolality and pH of the solutions
also play a role (46).

Sugars. Flow—rate and initial glucase concentration
determine sodium and water movements (46).
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Increasing flow rates of glucose containing solutions
result in an increase in glucose absorption up to its
saturation level of 133mM/I, in an increase of watcr
absorption, and in an increase in sodium absorption
and potassium secretion (30). Nearly all ingested
glucose is absorbed in the jejunum, irrespective of
the initial concentration (41,45,46).

Table 1. Recommendations for Small Intestinal
Marker Perfusion Studies in Cholera

1. Patients should be placed on a cholera cot in order to
accurately monitor fluid losses.

2. Intravenous rehydration (Dhaka solution) should be
administered for proper fluid balance maintenance.

3. Detailed explanation to and extensive communication
should take place with the patient and his/her
attendants prior to and during the procedure; informed
written consent must be oblained.

4. The patient should be kept fasting.

5. A flexible radiopaquec triple~lumen tube without
proximal occluding balloon should be prepared with
multiple openings at the  collection sites, a mixing
scgment of 15 ¢m, a study segment of 30 cm and a
mercury weight at the tip; the patency of the tube
should be checked before cach procedure.

6. The tube should be inserted with its tip 40 cm beyond
the ligament of Treitz and its correct position
determined based on the alkalinity of the aspirate and
on fluoroscopy both before and after the procedure. An
additional gastric tube is recommended to prevent
gastric juice contamination. .

7. A power-—checked, battery - run peristaltic pump should
be used to warrant a constant perfusion rate.

8. Al] vials should be sorted and labelled.

9. Samples should be coilected on ice and immediately
stored at —20 Centigrade. Dry—- freezing is advised
in case of laboratory analysis abroad,

10. A standard flow sheet should be used; watches should
be at hand.

11. Separate syringes are preferred for proximal and  distal
aspiration,

12. The perfusion fluids and the marker should be freshly
prepared as isotonic solutions at a pH of 6 and
infused at body temperature.

13. It is recommended to “sandwich® the experimental and
control solutions between “balanced salt— solutions'.

14, Gastric and jejunal secretions should be separately and
manually collected. .

15. To warrant steady~state conditions during perfusion of
successive solutions, a 30-min equilibration period s
recommended at the beginning of the study, and a 30~
min wash —out with the subsequent solution is advised
in between sampling periods.

16. Pilot studies are advised to adapt the perfusion
technique to the specific rescarch questions to be
addressed.

17. To determine the percentage recovery and to correct for
intestinal volume losses, the concentrations of both
marker and electrolytes [sodium, potassium, chioride and
bicarbonate] should be measured in cach sample.

18. A steady~ state perfusion (infusion rate > = 7 ml/min)
is preferred to slow-marker perfusion (infusion rate
<= 5 ml/min}.

19. A repeat perfusion is advised during convalescence when
the patient serves as his/her own control (41).

20. Patient should be left at no time without professional
attendance.
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RESERVATIONS

Scquential small - intestinal perfusion. studies in
cholera have been important for the development of s
oral rehydration solutions. However, it is not only
the jejunum that is affected in cholera but the large
intestine to some extent as well (27). Consequently,
conclusions drawn from small —intestinal perfusion
studies cannot be entirely extrapolated te clinical
cholera and its treatment. Besides sequential 17,
perfusions, whole ~gut perfusions have recently been

performed to evaluate the efficacy of oral of a Cholecystokinin receptor antagonist on intestinal phase

rehydration solutions (42)_ of pancreatic and biliary responses in man. J Clin Invest
1990;85:640 - 6.
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