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B ac kg r o u n d

1,2

Fluid resuscitation is used widely in medical practice all over the
world today to replenish the water and electrolytes lost through
both physiological (e.g., sweating, bleeding, or fluid shifts) and
pathological processes. Routes of administration are generally
classed under oral and parenteral; the latter including intravenous
(quickest, hence suitable for severe dehydration or fluid depletion
in vascular or extracellular spaces), “rectal rehydration” (e.g.,
Murphy drip, more often used in developing countries1) and
“hypodermoclysis” (direct infusion into subcutaneous tissues:
the thorax, abdomen, thighs, and upper arms). 2 During surgery
intravenous (IV) access can replace fluid loss from evaporation,
fluid shifts, and micturition (which can be as high as 4 mL/kg/hour
in minor procedures and twice that in larger operations), and meet
basal fluid requirements.
Daily requirements for major fluid components are summarized
below, with total parenteral nutrition regimens being deployed in
those requiring more long-term fluids, that is, more than 2 days. 3
Water
Sodium
Potassium

30 mL/kg/24 hour
1 mmol/kg/24 hour
1 mmol/kg/24 hour

Glucose

3–8 gm/1 hour

As a whole, these “volume expanders” can be crystalloids
(aqueous solutions of mineral salts or water-soluble molecules)
or colloids (larger insoluble molecules, i.e., gelatin); the former
currently more widespread due to lower costs and the absence
of proven benefits of the latter. Normal, or physiological saline,
comprising 0.9% sodium chloride (or 9 gm/L), is isotonic, thus
avoiding the risk of dangerous fluid shifts, and hence remains
the only solution compatible with blood administration. For
initial administration (fluid challenge), lactated Ringer solution,
or Hartmann’s solution (sodium chloride, sodium lactate, calcium
chloride dihydrate, and potassium chloride) is the commonly
used mild hypotonic crystalloid that matches plasma, being
distributed into both intravascular and interstitial spaces
(although less used in children). In addition to restoring fluid and
electrolyte balance, it is an alkalizing agent in mild to moderate
metabolic acidosis.4,5 Dextrose is usually administered alongside
crystalloids, to maintain safe osmolality while providing less
sodium, due to its high molecular weight. 6 Blood is a colloid,
and till date, the only known fluid capable of carrying oxygen.
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As a general rule, colloids preserve high colloid pressures (though
short-lived) in blood, while crystalloids cause hemodilution.
Other colloids are albumin and plasma. 7 Developed over
the past 70 years along the principles of Starling’s law, lower
molecular weight colloids exert larger initial osmotic effects but
are cleared more readily and rapidly, thus having less sustained
effects. However, the main issue with colloids is deciding when
to administer, especially in patients with capillary leaks or
endothelial breaches, as interstitial leakage can cause pulling of
additional water through osmotic gradients. Albumin remains the
standard against which other colloids are compared; however,
pooled human albumin is in short supply, therefore, cost is an
issue. Dextrans may help prevent deep vein thrombophlebitis
and lower blood viscosity, while Hetastarch is a plasma volume
expander with albumin-equivalent results, but it can prolong
and alter activated partial thromboplastin time and prothrombin
time clotting parameters. Overall, colloids are not proven to
decrease risks of acute lung injury or improve survival compared
with crystalloids, and for now have little use outside of specific
circumstances (malnourishment, hypoproteinemic states, or
volume expansion) wherein larger amounts of fluid are not
tolerated, or orthopedic and reconstructive procedures requiring
thromboprophylaxis or leukapheresis. 8
Current oxygen-carrying blood substitutes under investigation
are classed as either hemoglobin-based oxygen carrier (HBOCs) or,
to a lesser degree, perfluorocarbon-based, both undergoing clinical
trials in Europe and the USA.9 The increased number of elective
surgeries, coupled with a small but still prevalent risk of transmission
of blood-borne pathogens, has led to a push to develop synthetic
substitutes for human red blood cells.10 Hemopure, stabilized
bovine hemoglobin, is presently available only in South Africa.11 On
a physiological note, iron release of oxygen within hemoglobin
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molecules results in oxidation, preventing further binding, and
leading to cellular damage by the hemoglobin. Red blood cells have
an enzyme, glutathione synthetase, to prevent this, thus allowing
reversible binding of oxygen. The absence of this enzyme in free
hemoglobin remains an issue with HBOCs, resulting in destruction
of both hemoglobin itself and surrounding body tissues.12
Current National Institute for Health and Care Excellence
guidelines on IV fluid therapy in adults are summarized in the
algorithm below13 (Fig. 1).
Hartmann’s is advised instead of normal saline when there is a
risk of hyperchloremic acidosis, while the latter is preferred in cases
of hypochloremia, for example, vomiting or gastric drains. Dextrose
is considered adequate and appropriate alone for fluid resuscitation
or replacement only in cases of significant water deficit, such as
those with diabetes insipidus.14

Intravenous Saline and Thomas Aitchison Latta:
A Scottish Historical Perspective
The first experimental use of saline drips in human medicine
dates back to 1832, at the Edinburgh Cholera Hospital of the
Royal Infirmary (then on Infirmary Street and till today the oldest
voluntary hospital in Scotland15); during the second worldwide
pandemic of cholera, which originated in Bengal over a period of
a few years16 and traveled to Europe through ships in 1829–183017
(thereby the term “Asian cholera”). It was Thomas Aitchison Latta,
lead of a group of three doctors, all from Leith, the other two being
Thomas Craigie and Robert Lewins, who administered the saline
therapy to five patients presumed to be dying from the disease.
Interestingly, Dr Latta and Dr Craigie would later fall out over an
article published by the latter in the Edinburgh Courant for failing
to make an “honorable mention” of Dr Latta. Resulting sequelae
included an anonymous letter sent to the Edinburgh Observer, and
a subsequent episode in which Dr Craigie described allegations
against him as “false and unfounded,” culminating in an alleged
assault of him using a child whip.18 The accused was named as Mr.
John Mitchell Junior, a ship broker and close friend of Dr Latta, but
no charges were laid on either side (Fig. 2).
Till today, relatively little remains are known about the details
of Dr Latta himself and his life. What we do know was that fluids
(salt water), in an eclectic sort of way, occupied the milieu intérieur
and the milieu extérieur of his world to the extent that his life’s work
revolved around it; internally, in his trailblazing experimentation
with saline drips, and externally, sailing the high seas on ships to

Fig. 1: Current NICE guidelines

the Arctic with his friend and co-explorer, Captain William Scoresby,
a contemporary Arctic explorer.
Born in 1796 to Alexander Latta (who was either a surgeon or
local merchant in Leith,19,20 at six Union Place on Leith Walk, Thomas
Latta was granted Jessfield House near Newhaven by his father. His
exact birth date was not recorded and remains unknown, while
the absence of his name in post office directories would suggest
he never married, spending his entire life in the house granted by
his parents. Jessfield House overlooked the River Forth, providing
him with a panorama of the entire port of “Whale Brae”; where the
hardworking local fishermen carried out their work on a daily basis.
His father passed away in 1807, and Thomas moved in temporarily
with his older brother, also called Alexander, a medical student at
Edinburgh at the time who went on to set up a medical practice
in Perth. Mentions of Alexander in Thomas’ writings suggest he
was something of a mentor, and in 1815, Thomas himself became
a medical student at Edinburgh, graduating in 1819.
Thomas Latta had a keen maritime interest throughout his life,
and while a student, he traveled on an expedition to Spitzbergen
in Norway in 1818 as surgeon companion to Captain Scoresby. His
output at that time was such that he was considered sufficiently
competent to work as a doctor even before his graduation a year
later. His explorations and gatherings of specimens on the island
did not go unnoticed, being used to illuminate certain aspects of
his eventual MD thesis, titled “On Scurvy,” in which he first began
drawing conclusions of his own in the field of medicine and care of
the unwell, in this case, the welfare of the seafarers.19
A total of 10 years later, Latta, a young general practitioner at
the time, made his big contribution to saline therapy after reading
a report published in Lancet by William Brooke O’Shaughnessy,
a young medical graduate of Edinburgh who had traveled to
Sunderland at the time to study the blood of cholera patients
(himself inspired by Dr W Stevens’ observation that pathological

Fig. 2: Mr John Mitchell junior post-assault of Dr Craigie?27
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color changes seen in the blood of Yellow Fever patients in West
Indies could be reversed using saline).21 O’Shaughnessy noted that
the cause of the color changes was loss of water and salts, and tested
saline therapy on dogs in a bid to prove his hypothesis. Latta’s
subsequent reading and investigations led to his big breakthrough,
and his own results on the patients in Edinburgh were described
in his letter written to the Secretary of the Board of Health London
on 23rd May 1832 (Fig. 3).
“So soon as I learnt the result of Dr O’Shaughnessy’s analysis, I
attempted to restore the blood to its natural state, by injecting copiously
into the larger intestines warm water, holding in solution the requisite
salts, and also administered quantities from time to time by the mouth,
trusting that the power of absorption might not be altogether lost, but
by these means I produced, in no case, any permanent benefit, but, on
the contrary, I thought the tormina, vomiting, and purging, were much
aggravated thereby, to the further reduction of the little remaining
strength of the patient; finding thus, that such, in common with all the
ordinary means in use, was either useless or hurtful, I at length resolved
to throw the fluid immediately into the circulation. In this, having no
precedent to direct me, I proceeded with much caution. The first subject
of experiment was an aged female, on whom all the usual remedies had
been fully tried, without producing one good symptom; the disease,
uninterrupted, holding steadily on its course. She had apparently
reached the last moments of her earthly existence, and now nothing
could injure her—indeed, so entirely was she reduced, that I feared I
should be unable to get my apparatus ready ere she expired. Having
inserted a tube into the basilic vein, cautiously—anxiously, I watched
the effects; ounce after ounce was injected, but no visible change
was produced. Still persevering, I thought she began to breathe less
laboriously, soon the sharpened features, and sunken eye, and fallen
jaw, pale and cold, bearing the manifest impress of death’s signet, began
to glow with returning animation; the pulse, which had long ceased,
returned to the wrist; at first small and quick, by degrees it became more
and more distinct, fuller, slower, and firmer, and in the short space of
half an hour, when six pints had been injected, she expressed in firm

voice that she was free from all uneasiness, actually became jocular,
and fancied all she needed was a little sleep; her extremities were warm,
and every feature bore the aspect of comfort and health.”
Sadly, Latta’s IV saline findings were forgotten for over seventy
years until 190217 due to a lack of understanding of electrolyte
balance and hypovolemic shock, or prevention of hemolysis, as
well as general medical skepticism, poor patient selection, and a
lack of further pandemics.22
Indeed, it would be another 20 years until John Snow
proved beyond reasonable doubt that the cause of cholera
was contaminated water, and while therapies still remained
controversial, blood donation was the staple. Yet Latta’s theories
and successes were refused credit even by professors at Edinburgh,
namely James Gregory, the Chair of Practice of Physic, and scion
of an academic dynasty that dated back around two centuries,
who himself had drawn conclusions based more on Aristotelian
logic than modern medical science, believing that expelled water
and salts in diarrhea were results of excess rather than causing a
deficiency; and subsequently urging physicians at the time to “seize
nature by the throat” through “free bloodletting, cool affusion,
brisk purging, frequent blisters, and vomits of tartar emetic” (Fig. 4).
It could be hypothesized that the unwillingness to listen to Latta
was partly attributable to his lack of social and academic standing,
not dissimilar to the struggles faced by fellow Scot James Young
Simpson, who discovered the anesthetic properties of chloroform
fifteen years later at the age of 36.23
Thomas Latta died unsung on 19th October 1833, having
battled tuberculosis for several years20,24 just a year after his
breakthrough. Though uncertain, he is thought to be buried in Leith
Parish Church on Madeira Street in Leith then and part of Edinburgh
since 1920 (Fig. 5). A small church dating back almost 800 years, its
colorful history includes a period when it was used by Henry VIII as
a refuge during the “rough wooing of Scotland.” In later eras, Oliver
Cromwell’s troops used the church briefly as a “magasin,” after
which it was restored as a burial ground, predominantly comprising
graves of pre-/WW1 soldiers.25
The exact site of Latta’s actual grave remains unknown, and
may never be located. In 2014, a new residential street on the site
of the old Eastern General Hospital in Leith, whose closure was
announced in 2007, was named “Latta Place“26 This may represent
the last reminder in Leith of a man whose idea would develop over
centuries to become a necessity in today’s medical practice.

Fig. 3: Apparatus used by Dr Latta during his procedures19

Fig. 4: Fluid balance without tears and Dr Thomas Latta30
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Flowchart 1: IV Infusions at Edinburgh Royal Infirmary, 1970s24
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Fig. 5: Leith Parish Church

Postscript
Between 1882 and 1885 Sydney Ringer, a physiologist at UCL and
Great Ormond Street Hospital, ran out of distilled water while
carrying out experiments on frogs’ hearts. Using tap water instead,
he noticed increased contractility in the organ and deduced that
calcium was the causative agent. Half a century later, Sir Leonard
Rogers, one of the key figures in the founding of Calcutta School of
Tropical Medicine in India, pioneered the use of hypertonic saline
in the treatment of cholera. And in the 1930s, Alexis Hartmann, an
American pediatrician, modified Ringer’s original solution, adding
lactate so that his intravenous fluid reduced risk of fluid-induced
acidosis.27
Today, both saline and Hartmann’s (Ringer lactate) are profusely
used as IV fluid replacement, not only in cholera, but for any acutely
unwell patient who is dehydrated or at risk of dehydration.28
Meanwhile, Latta’s name may continue to hold little significance
with regards to IV saline use in modern clinical practice, but it would
be remiss not to appreciate the brave actions and groundbreaking
discoveries of the 35-year-old Scotsman who paved the way for
IV fluid therapy in humans (Flowchart 1). Prior to his experiments,
several doctors had speculated on intravenous saline therapy, but
none ever attempted to administer it. That Latta himself presumably
did not benefit from his cutting edge work is another tragic irony
in the detail of his short life. However, what he did has not been in
vain, given that millions of lives, especially in the developing world,
continue to be saved even today. Posterity will surely acknowledge
this true pioneering spirit from not too far away in the former but
not forgotten port town of Leith.
“I pass with relief from the tossing sea of Cause and Theory to the
firm ground of Result and Fact.”
- Winston S Churchill, The Story of the Malakand Field29
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