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Abstract 

Based on clinical and experimental work two new types of volumetric overload shocks are re- 
ported: volumetric overload shock type one and type two depending on the type of fluid causing 
their induction. Volumetric overload shock type one is induced by sodium-free fluids such as gly-
cine, glucose, mannitol and sorbitol and is characterized with acute dilutional hyponatraemia. 
Volumetric overload shock type 2 is induced with sodium-based fluids normal saline and plasma 
substitutes used for resuscitation of the critically ill and has no serological marker. It presents 
with the multiple vital organs dysfunction or failure syndrome or the adult respiratory distress 
syndrome. Hypertonic sodium is an effective treatment when given early adequately. The under-
lying pathophysiology is discussed. An alternative to Starling’s law for the capillary interstitial 
fluid transfer is given. Hydrodynamic of a porous orifice tube akin to capillary with a surrounding 
Chamber akin to the interstitial fluid space demonstrated a rapid dynamic magnetic field-like flu-
id circulation between the surrounding chamber and the lumen of the G tube that represent an 
adequate replacement for Starling’s law. 
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1. Introduction 
Volumetric Overload Shock (VOS) is a condition caused by massive fluid infusions and is of two types: Type 
one (VOS1) and Type two (VOS2). VOS1 is induced by sodium-free fluid gain such as 1.5% Glycine used as ir-
rigant during the Transurethral Resection of the Prostate (TURP) [1]. It has been reported with other irrigants 
such as Glucose, Mannitol and Sorbitol. It is known as the TURP syndrome or hyponatraemic shock [2] as Hy-
ponatraemia (HN) is a marked serological marker for the condition. VOS2 is induced by massive infusion of so-
dium-based fluids such as normal saline, Ringer, Hartmann, plasma and plasma substitutes and/or blood transfu-
sions that may complicate the therapy of VOS1. VOS2 also complicates fluid therapy in critically ill patients 
suffering from other known shocks such as hypovolaemic, haemorrhagic and septicaemic and presents with the 
Multiple Vital Organs Dysfunction (MVOD) or failure syndrome. Adult Respiratory Distress Syndrome (ARDS) 
[3] is another name under which VOS2 is reported. The occurrence of massive interstitial tissue oedema with 
congestion of vital organs, pleural and peritoneal effusion, in the presence of severe hypotension shock, casted 
doubt on Starling’s law! 

2. Aetiology 
Both conditions of VOS1 and VOS2 are caused by volumetic overload. VOS1 is induced by the infusion of 3.5 
litres of Glycine irrigant through the periprostatic veins [1]. Intravenous infusions of 5% Glucose augment this 
effect. The gain of 3.5 - 5 litres induces typical VOS1. It is important to realize the significance of time; 3.5 li-
tres of fluids is a normal daily intake if gained over 24 hours but is certainly pathological if gained over one 
hour. VOS2 is induced by the gain of 12 - 14 litres of sodium-based fluids when reported in ARDS [3]. The 
problem here is that every hypotension is considered synonimus with hypovolaemia, and is treated with massive 
volume expansion. In the past VOS1 was wrongly attributed to haemorrhagic, hypovolaemic or cardiogenic 
shock hence treated with sodium-based fluids and VOS2 was induced [4].   

3. Pathophysiology 
Shock is a disturbance at the capillary cellular level impairing the capillary-interstitial fluid transfer; delivery of 
oxygen and removal of waste products. The process is governed by Starling’s law [5]. In this law the arterial 
pressure is considered the force causing capillary filtration! If this is true, how come that arterial hypertension 
though common never causes oedema? Starling based his hypothesis on Poiseuille work on strait uniform brass 
tubes. Latter evidence however demonstrated that the capillary is a porous narrow orifice (G) tube as it has a 
pre-capillary sphincter [6] and pores that allow the passage of plasma proteins [7]. Because the capillary pores 
allow the passage of plasma molecules a call for reconsideration of Starling’s hypothesis was made [8]. 

The hydrodynamics of the G tube demonstrated that the proximal (arterial) pressure induces a negative side 
pressure gradient on the wall of the G tube causing suction most prominent over the proximal half and turns into 
positive pressure over the distal half [9] (Figure 1). Incorporating the G tube in a chamber (C), representing the  

 

 
Figure 1. Shows the hydrodynamics of the porous orifice (G) tube. There is a pressure gradient at the wall 
of the G tube starting at the borifice with high suction and ending at exit with high filtration. The water 
comes out over the distal part and is sucked in over the proximal part of the G tube.                                  
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interstitial space surrounding a capillary, demonstrated a rapid dynamic magnetic field-like fluid circulation be-
tween the C and G tube lumen (Figure 2). Incorporating the G tube and C in a circulatory model driven by elec-
tric pump inducing proximal pressure similar to arterial pressure in human circulatory system; causing suction 
from C into the lumen of G tube. The pressure in C is negative (Figure 3). The pressure in the interstitial fluid 
space is also negative [10]. The distal (venous) pressure is responsible for filtration. This proves that the circu-
latory system is not an all positive pressure, the arterial pressure causes suction not filtration at the capillary in-
terstitial fluid circulation, and hence Starling’s law is wrong [9].  

 

 
Figure 2. Shows diagram of the porous orifice (G) tube enclosed in chamber (C) demonstrating the magnet-
ic field-like G-C circulation phenomenon. The proximal inflow (arterial) pressure (1) pushes fluid through 
the orifice (2) creating fluid jet in the lumen of the G tube. The fluid jet creates negative side pressure gra-
dient causing suction maximal over the proximal half of the G tube near the inlet (3) that sucks fluid into 
lumen. The side pressure gradient turns positive pushing fluid out of lumen over the distal half maximally 
near the outlet (4). Thus the fluid around G tube inside C moves in magnetic field-like fluid circulation (5) 
taking an opposite direction to lumen flow of G. tube. The inflow (arterial) pressure 1 and orifice 2 induce 
the negative side pressure energy creating the dynamic G-C circulation phenomenon that is rapid, autonom-
ous and efficient in moving fluid out from the G tube lumen at 4, irrigating C at 5, then sucking it back again 
at 3, maintaining net negative energy pressure (7) inside C. The distal out flow (venous) pressure (6) en-
hances out flow at (4) and its elevation may turn the negative energy pressure 7 inside C into positive, in-
creasing volume and pressure inside C chamber.                                                             

 

 
Figure 3. The chamber C around the G tube is made of soft rubber which is sucked in by the negative pres-
sure gradient of the G tube. The interstitial pressure fluid has negative pressure of −7 ml water.                          
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4. Serum Markers 
Dilutional HN is a clear serological marker of VOS1. The incidence and severity of HN of the TURP syndrome 
are reported [1] [4]. HN of 130 mmol/l is transient and self correcting, down to 125 is mild, further down to 120 
is moderate, further drop is severe and manifests with a full blown condition of VOS1. A drop of serum sodium 
to a 100 mmol/l is usually lethal [4]. Unfortunately VOS2 has no clear serum marker. The only method of detec-
tion is the increase in body weight. 

5. Clinical Picture 
VOS1 has the following clinical picture before it transfers into VOS2 with a full blown picture of MVOD or 
failure or ARDS characterising both conditions. It is noted that VOS1 presents during surgery as hypotension 
shock and next day as hyponatraemic coma. 

Cerebro-nervous system: Numbness and tingling sensation, sudden bilateral blindness and clouding of con-
sciousness have been reported under spinal or epidural anaesthesia. Convulsion may occur. The patient proceeds 
into high scale coma and does not recover from general anaesthetic. 

Cardiovascular system: Hypotension and bradycardia are early features also in patients having general anaes-
thetic. Hypertension is rarely detected. Other types of disrythmia with cardiac arrest and sudden death may oc-
cur. Cardiac enzymes are elevated. Cardiovascular shock prevails. 

Respiratory system: The lungs are involved with shock lung or ARDS. 
Renal: The kidneys develop annuria which is unresponsive to diuretics. Acute renal failure occurs. Serum 

urea and creatinine rise. 
Hepatic system: The liver function tests are elevated. 
General: Trunk oedema or anasarca develope. 
The prognosis of VOS1 and VOS2 is bad; both end up in death when incorrectly diagnosed and inappro-

priately treated. With the use of treatment reported below the prognosis should tremendously improve. 

6. Treatment 
VOS1 is treated with hypertonic sodium solutions in the form of 5% Sodium chloride and if not available 8.4% 
Sodium bicarbonate is equally effective. This is given in fractionated doses of 200 ml over 10 minutes through a 
central venous line. The dose may be repeated up to 5 times. The effect of this therapy is magical [1] [4] [11]. 
The cardiovascular shock is corrected with elevation of arterial pressure. The patient recovers from coma. The 
kidneys respond with massive dieresis that should not be replaced. The treatment has proved equally effective in 
VOS2 that complicates VOS1 particularly when given early before the vital organs congestion develops into 
areas of necrosis and infarctions, and before MVOD becomes failure [4] [11]. Supportive measures on intensive 
care units are most helpful. If the kidneys do not respond by diuresis try haemodialysis—setting the net fluid 
balance to negative. Both VOS1 and VOS2 were induced in animals and treated successfully with hypertonic 
sodium [12]. 
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Abbreviations 
ARDS:  The adult respiratory distress syndrome 
VOS:  Volumetric overload shock 
VOS1:  Volumetric overload shock type one 
VOS2:  Volumetric overload shock type 2 
HN:  Hyponatraemia 
TURS:  The transurethral resection of the prostate syndrome 
MVOD: The multiple vital organs dysfunction or failure syndrome 
G Tube: The porous narrow orifice tube 
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