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Abstract

Introduction and objective: Starling assumed that the capillary works as Poiseuille’s tube, and its wall is impermeable
to plasma proteins. Hence, fluid transfer across the capillary wall is dependent upon a balance between the capillary
hydrostatic pressure and plasma protein oncotic pressure. This study aimed to verify if starling’s law is correct by
testing if the capillary works as the Poiseuille’s tube or the new porous orifice (G) tube akin to a capillary ultrastructure
anatomy.

Material and methods: A physiological study on the hind limb of sheep was conducted using both plasma proteins and
crystalloid solutions. Each solution was run 3 times once through the artery then through the vein and back through the
artery again while monitoring for oedema formation.

Results: Oedema only occurred when the fluid is run through the vein and not through the artery irrespective of the
fluid used. This indicates that the capillary function as the G tube not Poiseuille’s tube and plasma proteins passes freely
through the pores hence has no oncotic effect implying that Starling’s law is wrong on both forces.

Conclusion: The results affirmatively prove that the normal capillary works as G tubes not Poiseuille’s tubes. Also,
plasma proteins move freely between the lumen of the capillary and the ISF space-nullifying its oncotic effect. The result
also proves that starling’s law is wrong on both of its forces and the hydrodynamic of the capillary working as the G tube
is the correct replacement for the capillary-ISF circulatory transfer.
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1. Introduction and objective

The objective of this study is to demonstrate that the capillaries work in a manner totally different from Poiseuille’s
tube as was proposed by Starling’s hypothesis reported thrice in the Lancet in 1886 [1] and a fourth in ] Physiology in
1896 [2], and hence Starling’s law is wrong. Starling’s hypothesis is based on a balance between two opposing forces of
capillary hydrostatic pressure (CHP) and plasma oncotic pressure to induce a perfusion balance that moves fluids
between the capillary lumen and the interstitial fluid (ISF) space, and back again. Starling wrongly assumed that the
CHP acts in the manner demonstrated by Poiseuille in a straight uniform brass tube in which the CHP is high positive
all along the tube causing filtration maximum near the inlet. Over the distal part the oncotic pressure becomes greater
than CHP causing absorption again wrongly assuming that the capillary wall is impermeable to plasma proteins. Neither
at the time of reporting Starling’s hypothesis (1886-96) nor at the time of transferring it into a law (1948) [3] none of
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the two brilliant remarkable discoveries on the capillary ultrastructure anatomy were known yet. Both discoveries of
the pre-capillary sphincter [4] and the wide inter cellular cleft pores [5] were reported in 1967. This makes the capillary
a porous orifice (G) tube with totally new unique hydrodynamic that is totally different from Poiseuille’s tube (Figure 1
and 2).

In the light of the G tube hydrodynamic discovery summarised in diagram (Figure 3), I evaluated the effects of both
forces of CHP and oncotic pressure on oedema formation on the isolated hind limb (thigh) of sheep using both changes
in weight (gravimetric Method) and limb girth (volumetric method) of the isolated hind limb. The evidence that the G
tube causes negative side pressure gradient along its wall that is maximum near the inlet and turns positive near the
exit is demonstrated in (Figure 4). This further induce a net negative pressure in a surrounding chamber (C) (Figure 5).
A plasma solution was compared to balanced isotonic crystalloid solution (Hartman or Ringer Solution) as circulating
fluids in causing oedema formation. The LHP of Starling’s law was also wrongly presumed to cause oedema by raising
arterial and/or venous pressure alike in the study that transferred Starling’s hypothesis into a law [3]. In every set of
experiments monitoring of the limb oedema was obtained by measuring the thigh’s girth and weight after filling the
circulatory system with the fluid before the start and after finishing the experiments. A total of sex experimental sets
was performed- 3 on each type of solutions.

This study aims to refute the effects of both forces of Starling’s hypothesis and precise its role in oedema formation. It
further proposes the G tube hydrodynamic as the correct replacement for the erroneous Starling’s law [6, 7]

2. Material and methods

The thigh of a freshly slaughtered sheep was bought from the butcher shop with adequately lengthy stump of both
femoral artery and vein that was connected to an electric water pump circulating the fluid. The thigh was tightly
wrapped in a cling film to replace the skin and prevent any leakage. The circulating fluid used was plasma protein and
balanced crystalloid solutions in turns. In every set of experiments the connection was made to allow inflow from the
artery and later swapped to allow inflow through the vein, and back to normal inflow through the artery again.

The following set of experiments were run in a consecutive order:

2.1. 1st set of experiments

Plasma protein solution was used to adequately fill up the circulatory system with arterial inflow first and ran for
adequate time to get rid of any air bubble and allow for stable circulation. The changes of the thigh were monitored for
oedema formation by measuring the girth and weighing the limb at start and finish. The same measurements were
repeated in all other experimental sets below.

2.2, 2nd get of experiments

The above was repeated using plasma solution again after swabbing the inflow and outflow between artery and vein.

2.3. 3rd set of experiments

The experiment was repeated on the above limb after swabbing the inflow back to arterial and the outflow to venous
circulation, observing what happened to the oedema accumulated in the above 2nd experimental set.

2.4. 4t set of experiments

After evacuating the system from plasma solution and filling it up with isotonic electrolytes balanced solution

(Hartmann or Ringers’ solution) the 1st set of experiments were repeated with monitoring for oedema formation.

5t set of experiments: After switching the inflow and outflow to vein and artery respectively, the experiment was
repeated with similar measurements.

2.5. 6t set of experimentsF

ollowing from the above, the circulation was switched back to normal arterial inflow and venous outflow observing
what happened to the oedema accumulated in the above 5t experimental set.
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In the 3rd and 6t sets of experiments where oedema manifested under the cling film samples were taken and analyzed
from the sub cling film to compare plasma proteins and electrolytes concentration with a sample taken from the
circulatory system.

3. Results

To appreciate the results of this physiological study a summary demonstrating the difference between the
hydrodynamic of Poiseuille’s tube (Figure 1) and that of the G tube (Figure 2) is reported here derived from physics
studies on both tubes [6,7]. The lumen pressure of Poiseuille’s tube is all positive causing filtration all along the entire
length of the tube higher near the inlet and declines gradually but never turns negative (Figure 1). The hydrodynamic
of the G tube creates a unique negative side pressure (SP) on the tube’s wall maximum near the inlet that gradually
declines and turns positive rising to positive maximum near the exit (Figure 2). The negative SP not only causes suction
over the proximal part of the G tube but also induces negative pressure in a surrounding chamber (C) diagram of (Figure
3) that is based on pictures shown in (Figures 4 and 5). The diagram (Figure 3) demonstrating the G-C circulation
simulates the capillary-ISF circulatory transfer. The physiological experiments reported here demonstrate that the real
capillary does not function as Poiseuille’s tube but rather works precisely as the G tube.

Figure 1 Poiseuille's tube hydrodynamic with positive side pressure along the entire length of the tube causing fluid to
filter out maximum near the inlet and minimum near the exit. This is what Starling had based his hypothesis on
regarding the hydrostatic pressure causing filtration maximum near the orifice. This will be compared to the
hydrodynamic of the G tube (Figure 2) built on a scale to capillary ultrastructure of pre-capillary sphincter and
intercellular clefts making wide capillary pores that allow the passage of molecules larger than plasma proteins.
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Figure 2 The hydrodynamic of the G tube with side pressure gradient lower at the inlet where it is negative and turns
into positive pressure maximum near the exit, with visible magnetic field-like circulation around it seen at your top
right-hand quarter of the photo-based on which and other photos shown below, the diagram showing the G-C circulation
was drown (Figure 3). There is negative side pressure gradient over the proximal part of G tube not shown here but is
shown in (Figure 4).

AN
NN

Figure 3 A diagrammatic representation of the hydrodynamic of G tube based on G tubes and chamber C seen in (Figure
5). This 37-years old diagrammatic representation of the hydrodynamic of G tube in chamber C is based on several
photographs some are shown here. The G tube is the plastic tube with narrow inlet and pores in its wall built on a scale
to capillary ultra-structure of precapillary sphincter and wide inter cellular cleft pores, and the chamber C around it is
another bigger plastic tube representing the interstitial fluid space to form the G-C apparatus. The diagram represents
a capillary-ISF unit that should replace Starling’s law in every future physiology, medical and surgical textbooks, and
added to chapters on hydrodynamics in physics textbooks. The numbers should read as follows

e The inflow pressure pushes fluid through the orifice.

e C(Creating fluid jet in the lumen of the G tube**.

e The fluid jet creates negative side pressure gradient causing suction maximal over the proximal part of the G
tube near the inlet that sucks fluid into lumen.

o The side pressure gradient turns positive pushing fluid out of lumen over the distal part maximally near the
outlet.

e  Thus, the fluid around G tube inside C moves in magnetic field-like circulation (5) taking an opposite direction
to lumen flow of G tube.

e The inflow pressure 1 and orifice 2 induce the negative side pressure creating the dynamic G-C circulation
phenomenon that is rapid, autonomous, and efficient in moving fluid and particles out from the G tube lumen
at 4, irrigating C at 5, then sucking it back again at 3,

e Maintaining net negative energy pressure inside chamber C.

**Note the shape of the fluid jet inside the G tube (Cone shaped), having a diameter of the inlet on right hand side and
the diameter of the exit at left hand side (G tube diameter). I lost the photo on which the fluid jet was drawn, using tea
leaves of fine that can pass through the pores and coarse sizes cannot pass through the pores. Both sizes of tea leaves
runs in the centre of G tube leaving the outer zone near the wall of G tube clear. This may explain the finding in real
capillary of the protein-free (and erythrocyte-free) sub-endothelial zone in the Glycocalyx paradigm. It was also noted
that fine tea leaves exit the distal pores in small amount maintaining a higher concentration in the circulatory system
than that in the C chamber- akin to plasma protein
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Figure 4 A rubber orifice tube's negative side pressure gradient maximum near the inlet, turning into positive pressure
maximum near the exit as shown in (Figure 2), with visible magnetic field-like circulation around it seen at your top
right-hand quarter of the photo- based on which and other photos, the diagram showing the G-C circulation was drown
(Figure 3). This rubber orifice tube was also used for measuring the flow pressure (FP) and side pressure (SP) which
are dynamic components of the lumen pressure (LP) induced by the proximal pressure (PP)- akin to arterial pressure

Figure 5 The G tube enclosed in chamber C (The G-C apparatus). The negative side pressure of G tube also creates a
negative pressure in C shown here to suck the red water from a jar 300 mm below G tube into the manometers

The observations on the above 6 set of experiments were as follows:
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3.1. 1st set of experiments

At the end of the experiment, the cling film was wrinkled and tightly stuck to the thigh indicating a negative
subcutaneous pressure under the cling film. This indicated that the capillaries worked as G tube not Poiseuille’s tube.
There was no oedema formation.

3.2. 2nd get of experiments

After some time running the circulation, the limb was swollen with oedema manifesting with girth and weight increase
due to accumulation of fluid in the ISF space and under the cling film. The capillaries acted as Poiseuille’s tube here.

3.3. 3rd set of experiments

The experiment was repeated on the swollen limb above after swabbing the inflow back to arterial and the outflow to
venous circulation. After some time, all the fluid in the ISF space and under the cling film was absorbed and oedema
disappeared by being sucked back into the circulation restoring the limb back to normal girth and weight. This means
that the capillaries’ function was restored to normal acting like the G tube again and sucking all the fluid from the ISF
and subcutaneous fluid space back into the circulatory system.

3.4. 4th set of experiments

After evacuating the system from plasma solution and filling it up with isotonic electrolytes balanced solution
(Hartmann or Ringers’ solution) the 1st set of experiments’ measurements were repeated and identical results were
obtained. This indicated that the capillaries worked as G tube not Poiseuille’s tube. There was no oedema formation
despite total absence of plasma proteins.

3.5. 5th set of experiments

After switching the inflow and outflow to vein and artery respectively, the experiment was repeated with similar
measurements. After some time, the limb was swollen with oedema manifesting with girth and weight increase due to
accumulation of fluid (Oedema) in the ISF space and under the cling film. The capillaries acted as Poiseuille’s tube here
again.

3.6. 6th set of experiments

Following from the above using the oedematous limb, the circulation was switched back to normal arterial inflow and
venous outflow. The oedema disappeared by sucking all the excess fluid back into the circulatory system. The limb
returned to normal girth and weight with the cling film tightly stuck to the flesh indicating normal capillary-ISF transfer
under negative pressure meaning the capillaries working as the G tube again.

The plasma protein concentration in the sample taken from under the cling film of the second experimental set were
identical to that taken from the circulatory system. This means that plasma protein passes freely through the capillary
pores and there is no oncotic effect across the capillary membrane.

4. Discussion

The above reported result indicate that the capillaries work under normal conditions as the G Tube not Poiseuille’s tube
in which raising the arterial pressure causes suction not filtration while raising the venous pressure induces massive
filtration and oedema formation. The mode of the capillary-ISF transfer is exactly as shown in the G tube diagram (Figure
3) which represent a simulation of the capillary-ISF circulatory transfer.

It is worth noting that reversing the direction of fluid flow inside the G tube makes it function like Poiseuille’s tube as
observed in the 2nd and 5t set of experiments. In Poiseuille’s tube the lumen pressure is all positive causing only
filtration all along the tube and inducing oedema formation irrespective of the presence or absence of plasma proteins.
In the 1st experimental set, it is wrong to assume that plasma protein is responsible for the negative pressure in the ISF
space that prevent the formation of oedema. The evidence for that is the 4t set of experiments in which only crystalloid
fluid was used in total absence of plasma proteins and still no oedema occurred. The explanation of the negative ISF and
subcutaneous pressure can only be attained by the G tube function of the capillaries. This negative pressure in the
subcutaneous space was elegantly measured by Guyton and Colman to be a minus -7 cm water [8]. The capillaries may
lose its normal function as G tube when the precapillary sphincters lose its tone, and the normal smooth inner surface
of the capillaries of glycocalyx becomes irregular [9]. Both situations occur in clinical practice in sepsis and septic shock.
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The presented evidence demonstrates that both forces of Starling’s law are wrong: The normal capillary tubes do not
function as Poiseuille’s tube, and the oncotic pressure does not work on the normal capillary membrane with wide
intercellular cleft pores. I had previously reported 21 reasons why Starling’s law is wrong [10]. I also documented that
a gross experimental error occurred in the study that transferred Starling’s hypothesis into a law [3, 7]. The authors
wrongly though that raising the capillary pressure may be achieved by raising the arterial and venous pressure alike
(mmHg for mmHg) [3]. This is clearly not the case as demonstrated in the above results: A high venous pressure causes
oedema as the capillary works as Poiseuille’s tube with all positive LHP along its entire length, while high arterial
pressure does not- it causes suction over the proximal part. It causes suction as the capillary works as the G tube. This
should be the new scientific foundation for fluid therapy in shock management [11, 12] based on which new
recommendations for the management of shock should be planned as evidence-based medicine. This should be an
urgent priority to save the hundreds of thousands of patients killed per year because the faulty Starling’s law dictating
the faulty rules on fluid therapy for shock management [13]. It kills patients by inducing volumetric overload shocks
[14] and causing ARDS [15]. The revised starling Principle is also a misnomer and wrong [16]. It is indeed time to say:
“Goodbye Starling’s law, hello G tube” [17].

5. Conclusion

A physiological study on the hind limb of sheep was conducted using both plasma proteins and crystalloid solutions and
the results are presented. Each solution was run in 3 experimental sets: The inflow is run once through the artery then
through the vein and back through the artery again while monitoring for oedema formation using both girth
measurement and weight changes. The results affirmatively prove that the capillary works as G tube not Poiseuille’s
tubes. Also, plasma proteins move freely between the lumen of the capillary and the ISF space-nullifying its oncotic
effect. The result of this study affirmatively proves that starling’s law is wrong on both of its forces and the
hydrodynamic of the capillary working as the G tube is the correct replacement for the capillary-ISF circulatory transfer.
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