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Substantial evidence currently exists to demonstrate that Star-
ling’s law is wrong [1], the revised Starling Principle is a misnomer 
[2] and all the formulae that goes with it are also wrong. Persistent 
to defend such erroneous concepts is a futile attempt to defend 
fraudulent science. It is well known that Starling’s law dictates the 
rules on fluid therapy for the management of shock which misleads 
physicians, and particularly anaesthetists and surgeons, into giving 
to much fluid during shock resuscitation, induction of anaesthesia 
and prolonged major surgery [3]. This practice induces the newly 
recognized volumetric overload shocks (VOS) that cause ARDS and 
hundreds of thousands of patients death per year [4-6] though re-
main unrecognized and underestimated.

Starling reported his hypothesis in 3 articles in the Lancet in 
1886 and a fourth in J Physiology in 1896 [7,8]. He neither pro-
posed a law nor equation. He proposed that fluid exchange across 
the capillary wall is dependent upon the balance of two main op-
posing forces: The hydrostatic pressure pushing fluid out and the 
oncotic pressure withdrawing fluid into the capillary lumen. The 
hydrostatic pressure is a function of the arterial pressure and is 
higher near the capillary inlet that pushes fluid out over the proxi-
mal part as based on Poiseuille’s work on strait uniform brass 
tubes. The oncotic pressure of plasma proteins becomes higher 
near the capillary exit and sucks fluid in over the distal part.

Starling’s hypothesis became a law later after the report by Pap-
penheimer and SotoRivera in (1948) [9]. A serious experimental 

error by the authors occurred: The authors thought that elevating 
the capillary pressure may be achieved by elevating the venous 
pressure or arterial pressure alike, matching mmHg for mmHg. 
However, this has proved wrong, based on evidence from clinical 
practice: Elevating distal pressure (DP) akin to venous pressure 
augments capillary filtration as well known in in clinical practice 
causing oedema formation while elevating proximal pressure (PP) 
akin to arterial pressure does not, it enhances suction or absorp-
tion via the negative side pressure (SP) maximum near the inlet as 
demonstrated in the porous orifice (G) tube (Figure 1). 

In support of the above fact is: High venous pressure, or obstruc-
tion, is the main cause of the most common clinical oedema but ar-
terial hypertension though quite common it never causes oedema. 
Off course neither Starling nor any of the authors who transferred 
his hypothesis into a law were aware of the brilliant discoveries of 
precapillary sphincter [10] and wide porous wall of intercellular 
clefts [11] of the capillary that allow the passage of plasma proteins 
thus nullifies oncotic pressure in vivo that were discovered later 
in 1967. The G tube discovery demonstrates that PP akin to arte-
rial pressure induce negative SP gradient exerted on the tube’s wall 
that is maximum near the inlet causing suction or absorption. In 
addition to this I have reported 21 reasons that prove starling’s law 
wrong [12]. So, both Starling’s forces are wrong and the equations. 
It is time to say: Goodbye Starling's law, hello G tube [13].
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Figure 1: Shows a diagrammatic representation of the hydrodynamic of G tube based on G tubes and chamber C. This 37-years old 
diagrammatic representation of the hydrodynamic of G tube in chamber C is based on several photographs. The G tube is the plastic 

tube with narrow inlet and pores in its wall built on a scale to capillary ultra-structure of pre-capillary sphincter and wide inter 
cellular cleft pores, and the chamber C around it is another bigger plastic tube to form the G-C apparatus. The chamber C represents 
the ISF space. 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:

1. The inflow pressure pushes fluid through the orifice.

2. Creating fluid jet in the lumen of the G tube**.

3. 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.

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

5. 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.

6. 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.

7. 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 and coarse sizes 
that run 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 
proteins.

Funding
None.

Bibliography

1.	 Ghanem AN. “Final Affirmative Proof Starling’s Law Wrong 
and G Tube Hydrodynamic is the Correct Replacement: New 

02

Fraudulent Science and Starling’s Law for the Capillary-interstitial Fluid Transfer

Citation: Ahmed N M Ghanem. “Fraudulent Science and Starling’s Law for the Capillary-interstitial Fluid Transfer". Acta Scientific Neurology 4.10 (2021): 
01-03.

https://biomedres.us/pdfs/BJSTR.MS.ID.005460.pdf
https://biomedres.us/pdfs/BJSTR.MS.ID.005460.pdf


Results and Critical Analytical Criticisms of Impactful Land-
mark Articles”. Biomedical Journal of Scientific and Technical 
Research 33.5 (2021).

2.	 Ghanem AN and Ghanem KA. “Revised Starling’s Principle 
(RSP): a misnomer as Starling’s law is proved wrong”. Medico 
Research Chronicles (2020).

3.	 Ghanem AN. “What is Misleading Physicians into giving too 
much Fluid during Resuscitation of Shock and Surgery that 
Induces ARDS and/or AKI?” Asploro Journal of Biomedical and 
Clinical Case Reports 3 (2020): 90-98.

4.	 Ghanem. “Why and how Starling’s law is killing patients in 
clinical practice in hundreds of thousands per year?” Journal of 
Anatomy and Physiology 2 (2021): 41-44.

5.	 Ghanem AN. “Volumetric Overload Shocks Cause the Acute Re-
spiratory Distress Syndrome: The Plenary Evidence on Patho-
Aetiology and Therapy”. Open Access Journal of Biomedical En-
gineering 1.4 (2020).

6.	 Ghanem AN. “Volumetric Overload Shocks Cause the Acute 
Respiratory Distress Syndrome: Building the Bridge Between 
Physics, Physiology, Biochemistry, and Medicine”. Biomedical 
Journal of Scientific and Technical Research 29.1 (2020).

7.	 Starling EH. “Factors involved in the causation of dropsy”. Lan-
cet 2 (1886): 1266-1270, 1330-1334, 1406-1410. 

8.	 Starling EH. “On the absorption of fluids from connective tissue 
spaces”. Journal of Physiology 19 (1896): 312-326. 

9.	 PAPPENHEIMER JR and SOTO-RIVERA A. “Effective osmotic 
pressure of the plasma proteins and other quantities associ-
ated with the capillary circulation in the hindlimbs of cats and 
dogs”. American Journal of Physiology 152.3 (1948): 471-491.

10.	 Rhodin JA. “The ultra-structure of mammalian arterioles and 
pre-capillary sphincters”. Journal of Ultrastructure Research 18 
(1967): 181-222. 

11.	 Karnovesky MJ. “The ultra-structural basis of capillary perme-
ability studied with peroxidase as a tracer”. Journal of Cell Biol-
ogy 35 (1967): 213-236. 

12.	 Ghanem AN. “Twenty-one reasons affirming Starling’s law on 
the capillary-interstitial fluid (ISF) transfer wrong and the cor-

rect replacement is the hydrodynamic of the porous orifice 
(G) tube”. Journal of Clinical Case Reports is an Open Access 1.1 
(2020): 8-11.

13.	 Ghanem AN. “Goodbye Starling’s law, hello G tube”. Journal of 
Urology and Nephrology 5.1 (2020): 000175.

Volume 4 Issue 10 October 2021
©  All rights are reserved by Ahmed N M Ghanem.

03

Fraudulent Science and Starling’s Law for the Capillary-interstitial Fluid Transfer

Citation: Ahmed N M Ghanem. “Fraudulent Science and Starling’s Law for the Capillary-interstitial Fluid Transfer". Acta Scientific Neurology 4.10 (2021): 
01-03.

https://biomedres.us/pdfs/BJSTR.MS.ID.005460.pdf
https://biomedres.us/pdfs/BJSTR.MS.ID.005460.pdf
https://biomedres.us/pdfs/BJSTR.MS.ID.005460.pdf
https://asploro.com/what-is-misleading-physicians-into-giving-too-much-fluid-during-resuscitation-of-shock-and-surgery-that-induces-ards-and-or-aki/
https://asploro.com/what-is-misleading-physicians-into-giving-too-much-fluid-during-resuscitation-of-shock-and-surgery-that-induces-ards-and-or-aki/
https://asploro.com/what-is-misleading-physicians-into-giving-too-much-fluid-during-resuscitation-of-shock-and-surgery-that-induces-ards-and-or-aki/
https://asploro.com/what-is-misleading-physicians-into-giving-too-much-fluid-during-resuscitation-of-shock-and-surgery-that-induces-ards-and-or-aki/
https://econpapers.repec.org/article/abfjournl/v_3a29_3ay_3a2020_3ai_3a1_3ap_3a22197-22209.htm
https://econpapers.repec.org/article/abfjournl/v_3a29_3ay_3a2020_3ai_3a1_3ap_3a22197-22209.htm
https://econpapers.repec.org/article/abfjournl/v_3a29_3ay_3a2020_3ai_3a1_3ap_3a22197-22209.htm
https://econpapers.repec.org/article/abfjournl/v_3a29_3ay_3a2020_3ai_3a1_3ap_3a22197-22209.htm
https://pubmed.ncbi.nlm.nih.gov/18863145/
https://pubmed.ncbi.nlm.nih.gov/18863145/
https://pubmed.ncbi.nlm.nih.gov/18863145/
https://pubmed.ncbi.nlm.nih.gov/18863145/
https://pubmed.ncbi.nlm.nih.gov/5337871/
https://pubmed.ncbi.nlm.nih.gov/5337871/
https://pubmed.ncbi.nlm.nih.gov/5337871/
https://pubmed.ncbi.nlm.nih.gov/6061717/
https://pubmed.ncbi.nlm.nih.gov/6061717/
https://pubmed.ncbi.nlm.nih.gov/6061717/
https://www.researchgate.net/publication/347408445_Twenty-one_Reasons_Affirming_Starling%27s_Law_on_the_Capillary-interstitial_Fluid_Transfer_Wrong_and_the_Correct_Replacement_is_the_Hydrodynamic_of_the_Porous_Orifice_G_Tube
https://www.researchgate.net/publication/347408445_Twenty-one_Reasons_Affirming_Starling%27s_Law_on_the_Capillary-interstitial_Fluid_Transfer_Wrong_and_the_Correct_Replacement_is_the_Hydrodynamic_of_the_Porous_Orifice_G_Tube
https://www.researchgate.net/publication/347408445_Twenty-one_Reasons_Affirming_Starling%27s_Law_on_the_Capillary-interstitial_Fluid_Transfer_Wrong_and_the_Correct_Replacement_is_the_Hydrodynamic_of_the_Porous_Orifice_G_Tube
https://www.researchgate.net/publication/347408445_Twenty-one_Reasons_Affirming_Starling%27s_Law_on_the_Capillary-interstitial_Fluid_Transfer_Wrong_and_the_Correct_Replacement_is_the_Hydrodynamic_of_the_Porous_Orifice_G_Tube
https://www.researchgate.net/publication/347408445_Twenty-one_Reasons_Affirming_Starling%27s_Law_on_the_Capillary-interstitial_Fluid_Transfer_Wrong_and_the_Correct_Replacement_is_the_Hydrodynamic_of_the_Porous_Orifice_G_Tube

	_GoBack

