
ACID BASE AND NEUROTRAUMA: 
unravelling the effects of hypertonic 

saline



CASE
•  78y – fall from stairs, 6 meter, found after unknown time delay

•No previous medical history

•SpO2 unmeasurable, normotensive

•Lethargic, external bleeding head wound, light reactive pupils

--> Intubation and transport to hospital

Hypotensive during transport: what fluids to give?



TREATMENT: fluid resuscitation

Strong: Prevent hypotension & resuscitate with isotonic/blood products

Weak: Hypertonic fluid resuscitation for GCS<8 with suspected ICP↑

TREATMENT: hyperosmolar therapy for suspected increased intracranial pressure

Weak: No prophylactic hypertonic fluids for suspected ICP↑/cerebral herniation

But: studies on which the guidelines are based use different concentrations and protocols

 3%, 7.2%, 7.5%, 10%, and 23.4% ⟶ no evidence for optimal % 

WHAT DO THE GUIDELINES RECOMMEND?



HYPEROSMOLAR SOLUTIONS: MANNITOL VS. 
HYPERTONIC SALINE 

•No statistical differences in mortality and neurological outcomes

•But significantly lower ICP & higher CPP higher with hypertonic saline

•Conclusion: Hypertonic saline might be superior and is safe & well-tolerated





TO GIVE OR NOT TO GIVE HYPERTONIC SALINE?

↓↓ ICP
↑↑ CPP

Safe and well 
tolerated

No improvement in survival and 
neurology

What concentration and volume?
What population?



CASE
78y, 6m fall from stairs
2 x 100cc 10% NaCl

• Chest X ray: traumatic hemopneumothorax ⟶ chest tube

• During admission unexpected IHCA ⟶ dead after 20 

minutes

• Post-mortem CT:

Hemopneumothorax, lung contusion, adequately placed 

chest tube

Femur fracture

Non-displaced temporal bone fracture

Small epidural hematoma + small trace of subarachnoid 

bleeding



Severe combined respiratory and metabolic acidosis

CASE



CASE

Also:
• Anion gap = 158 - 126 - 10.2 = 

21.8, but < 12 (normal) 
corrected for lactate → NAGMA 
from hyperchloremia

• Hypernatremia 158 with 
calculated osmolality of 337

SID
158 – 126 = 32 

(corrected normal value 
= 43, so 43-32=11 mmol 
explained by chloride)

Albumin is 
unknown, 

presumably 
normal

BE -21.8, of which 
10.4 explained by 

lactate ⟶ 11.4 
remaining acid



How to simulate the individual effects of every acid -base 
disturbance in this case?

- SID / chloride effect based on Base Excess contribution of 11.4

- pCO2 based on the case

- Atot based on minimal dilution and healthy invidual

--> simulate as a function of lactate 





Does acidosis matter?
Cardiac contractility Coagulation 

ICP

CPP

CBF
Neuronal damage



Does the osmolality rise matter?
Unlikely this much TBW was 

lost in this case

⟶ Delayed equilibration 

of Na in shock



Does the osmolality rise matter?
• Too rapid correction of chronic hyponatremia --> osmotic demyelination 

syndrome

• Maximum increase of Na 10 mOsm/L per 24 hours  

• Osmolality rise in this case was >42 mOsm/L in just hours



Alternatives?
1) 3% hypertonic saline

No difference when compared with other outcomes

Potentially better ΔICP en ΔGCS

Less metabolic consequences

2) 8.4% NaHCO3-

High osmolarity

Alkalinising

Frequently present in prehospital equipment

3) Hypertonic lactate / acetate / beta hydroxy buterate

Less risk of acidosis

Neuroprotective due to high available energyflux

Decrease in ICP when compared with mannitol

  





Not just one case



•Stewart light helps us to understand acid-base disturbances caused by fluids

•Very limited evidence of prehospital 10% NaCl in TBI

⟶ Improved markers ICP & CPP, no improvement in neurology and survival

•Attributable to properties of hypertonic saline?

⟶ Hyperchloremic acidosis

⟶ Osmolarity rise

⟶ Both particularly prominent in hypovolemia

•Alternatives?

⟶ NaCl 3%

⟶ NaHCO3, NaLac, NaBHB?

Conclusion


