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Abstract: The purpose of this review is to provide a contextualised overview of Lithium in
the environment and the body together with its physiological effects at various
concentrations. It is hoped that the information presented here will allow policy makers at
blood transfusion services at provincial and national levels to make evidence based decisions
regarding the safety of blood products from donors who are taking lithium at therapeutic
doses. We find that extemporaneous transfusions of blood from donors that are taking
lithium at a therapeutic dose are neither toxic nor teratogenic and should therefore be
allowed and even encouraged.
Introduction
Lithium is ubiquitous: it is present in varying concentrations1 in the water we drink, in the sea, in the
food that we eat and in the rocks and soil beneath our feet. Despite being an alkaline metal, lithium
on our planet is only ever found in its ionic form as Li+ or Li+(aq). Because of lithium’s concentration
dependent effects on various biological functions it is essential that the concentration range should
be specified when mentioning an effect.
At the one extreme, experimental animals raised on a diet deprived of lithium suffer from fertility
problems, retarded development and reduced longevity. (Bowden, 2017) Although the exact
mechanisms are not known, several authors conclude that lithium is probably an essential trace
element in the diet. (Anke et al., 1991; Pickett & O’Dell, 1992; Schrauzer, 2002) At the other
extreme, ingesting lithium in sufficient quantities to raise the concentration in the blood significantly
higher than 1 mmol.dm-3 is acutely toxic. (Jakobsson et al., 2017) This upper level however is not
absolute e.g. elderly patients with impaired renal function may be more sensitive, while patients
taking lithium as an acute therapy may have serum levels up to 1.5 mmol.dm-3 (Bowden, 2017). In
South Africa the upper most therapeutic level recommended is 1.2 mmol.dm-3; however at 2.0
mmol.dm-3 and higher lithium is undeniably toxic and may lead to seizures, permanent neurological
damage, coma and death.
The levels of lithium in freshwater are highly variable depending on location. One survey (Ayotte et
al., 2011) found levels in well water at concentrations from less than 0.00014 mmol.dm-3 to greater
than 0.007 mmol.dm-3. There is no consensus as to what is the optimum level of intake of lithium for
populations or individuals; however sub-therapeutic levels of lithium may have a beneficial effect on
mood disorders. (Jakobsson et al., 2017) Interestingly, several independent studies of different
populations across the world have found an inverse statistical relation between the concentration of
lithium in the drinking water and per capita suicide rates: the more lithium in the drinking water, the
lower the suicide rate. (Schrauzer & Shrestha, 1990; Ohgami et al., 2009; Helbich et al. 2012;
Giotakos et al., 2013; Blüml et al., 2013 and Kapusta et al. 2011). Another study by Giotakos et al.
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Concentrations in this review are always given in millimols per decilitre (mmol.dm ) equivalent to millimols
per litre (mmol/L) in some publications or mEq/L in others, especially in American textbooks.
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(2015) found an inverse correlation between the concentration lithium in the drinking water and
homicide rates: the more lithium in the drinking water, the lower the rate of homicide. More
generally, Zarse et al. (2011) conclude in the title to their study that “Low-dose lithium uptake
promotes longevity in humans and metazoans.” Their study was adjusted for age and morality from
all causes, even when suicide was excluded. Of course, it would be wonderful at this point to declare
water with a low concentration of lithium as an elixir vitae, however its effects appear to be more
diverse. (See safety during pregnancy below.)
Safety of blood transfusion from a donor with a therapeutic serum level of lithium
The therapeutic serum levels of lithium used as an antimanic and/or mood stabiliser in South Africa
range from 0.6 to 1.2 mmol.dm-3. As a rule, patients in need of acute intervention are treated at a
higher dose within this range and are titrated down to a lower maintenance dose once their
condition stabilises. If a pint (450ml) of whole blood is drawn from such a patent, this same
concentration of lithium will be present in the bag; however on the very rare occasion that a
recipient reives a pint of whole blood from such a donor, the concentration of lithium in the
recipient’s blood will be diluted approximately ten-fold. Assuming that the recipient had 9 pints of
blood and had 1 pint of lithium-containing whole blood transfused, that would leave the recipient
with between 0.06 to 0.12 mmol.dm-3 of lithium in his blood. This level is too low to have any
therapeutic or toxic effect and will usually be cleared by the kidneys in a couple of days. The
elimination half-life of lithium is about 18 to 24 hours. (Bowden, 2017)
More typically, a bag of donated whole blood will be separated into its components: red blood cells,
platelets and plasma. Assuming that a bag of whole blood containing a therapeutic dose of lithium is
separated out in this way, the physical quantity of lithium in the bag will be divided roughly in half
between the plasma and the red blood cells. The amount present in the platelet fraction will be
negligibly small. Red blood cells also exhibit an efflux of lithium that is dependent on the movement
of sodium ions. (Canessa, M. et al., 1980) The ratio of intracellular to extracellular concentrations of
lithium in red blood cells is approximately one half as measured by Mendels & Frazer (1973). This
represents a further 50% dilution of lithium in the red blood cell fraction of separated blood.
Safety during pregnancy
Lithium was formerly classed by the FDA as a Category D Drug i.e. A drug with a known teratogenic
risk to a foetus, based on adverse reaction data from investigational or marketing experience or
studies in humans, but potential benefits may warrant use of the drug in pregnant women despite
potential risks. Since 2015 the former A, B, C, D, X categories were gradually phased out, replaced
with narrative sections and subsections, such as
Pregnancy (includes Labor and Delivery):


Pregnancy Exposure Registry



Risk Summary



Clinical Considerations



Data
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Lactation (includes Nursing Mothers)


Risk Summary



Clinical Considerations



Data

(See FDA Pregnancy Categories)
In assessing the safety of lithium during pregnancy therefore, individual subsections should be
considered rather than trying to force it into one or another former category. Epidemiological
studies by Harari et al. (2015a,b) have found a positive correlation between exposure to lithium
during pregnancy via drinking water and reduced thyroid function as well as and reduced birth
weight. In the former case the median concentration of lithium in the blood was 0.0036 mmol.dm -3
with a range of 0.000027 - 0.021 mmol.dm-3. This is several orders of magnitude below the
therapeutic dose of lithium; however it is not known whether another confounding factor was at
work in these studies or whether some other substance in the water might be causally implicated.
Rather than cautioning expectant mothers against drinking the available water the authors conclude
that “Further studies are, however, necessary to confirm these findings and to understand the
mechanisms involved.” Harari et al. (2015b) One obvious difference between the women in these
studies and a potential recipient of transfused blood containing a sub-therapeutic concentration of
lithium is that of chronicity. The women in the study were exposed to low concentrations of lithium
in their drinking water day in and day out for the entire duration of their pregnancy (and lactation)
whereas a receipt of transfused blood containing a sub-therapeutic concentration of lithium would
be a once off (extemporaneous) affair.
The deciding question for an ethics committees is whether lithium is a teratogen and more
importantly, at what dose. A review by Giles & Bannigan (2006) of the effects of lithium at
therapeutic doses on the outcome of human pregnancy concluded that “lithium is a "weak"
teratogen in humans.” Animal studies at comparable serum levels however did not evince any
abnormalities. Nevertheless, as we have seen in the discussion above, a recipient of a blood product
from a donor taking lithium at a therapeutic dose can expect to receive only on tenth to one
twentieth of the given amount of lithium, which would soon be cleared from the circulation by the
kidneys and again this would be a once off event.
Yacobi & Ornoy (2008) undertook a meta-study of all case reports as well as retrospective and
prospective studies claiming to have found a possible teratogenic link to lithium exposure. The
authors found 24 case reports, of which six infants had congenital anomalies, five having cardiac
anomalies, one of them being Ebstein’s anomaly (a congenital tricuspid valve defect). In the
retrospective studies, of 225 registered cases there were 25 anomalies, 18 of which were cardiac
and of those six had the Ebstein’s anomaly. Another retrospective study of 59 cases found 7
anomalies, 4 of which were cardiac. None of the prospective studies of 296 live births found any
increase in the rate of congenital anomalies, although two did have the Ebstein’s anomaly. All of the
case control studies for the Ebstein’s anomaly were negative. Among 222 infants with Ebstein’s
anomaly, 44 of which with tricuspid atresia (missing or abnormally developed tricuspid valve), none
of their mothers were taking lithium during pregnancy. The authors therefore conclude that,
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“Considering the serious limitations of the retrospective and case control studies that are also
retrospective, lithium does not seem to be a significant teratogen, and hence should be given, if
indicated, in pregnancy.” Hence if lithium is safe as a drug, where indicated, during pregnancy,
receiving a transfusion of at least a ten-fold diluted dose of the same is probably even safer.
Pragmatics Considerations
Our environment is already awash with lithium at micromole levels of concentration. Furthermore as
Harari et al. (2015b) point out, certain brands of bottled water contain lithium with elevated
concentrations similar to the highest levels detected in their study, and they are on the increase.
Perhaps manufactures are responding to a perceived demand for mineral water with a higher
concentration of lithium; however more likely they are driving this demand by marketing their
product as more salubrious. If the blood transfusion services were to be consistent by placing a
blanket-ban on blood with elevated levels of lithium, these consumers should be excluded from
donating.
Finally, there is the question of what to do about donations of blood containing therapeutic levels of
lithium that the blood transfusion services are unaware of. Mary and John are real donors know to
the authors; however their names have been changed to protect their identities. Both Mary and
John have O negative blood. Mary has disclosed to her branch that she is taking lithium but has
been urged by the personnel there to donate anyway. John has not disclosed that he is taking
lithium but feels duty-bound to donate his blood because he has been told that it is given to babies
and is in dire supply. We do not know how many such cases there are and testing every pint for the
presence of lithium would be prohibitively expensive. Those taking lithium however already know
the concentration of lithium in their own blood as this is checked at least every 6 months to verify
that it is at a safe but efficacious level.
Conclusion
There is no conclusive empirical research that lithium at a ten or twenty-fold less than therapeutic
dose, given as a single donation at a time, is either toxic or teratogenic. May of the older studies that
have claimed that lithium is teratogenic have failed to take into account the base rate of
deformations in the general population or have failed to take account of other medication patients
may have been taking. Others that have demonstrated a teratogenic effect have done so at
concentrations exceeding the safe, therapeutic limit in human patients. Therefore placing a blanketban on donations from patients taking lithium is unfounded when adhering to an evidence based
approach. Donations of blood from such persons should therefore be allowed and even encouraged
if they are deemed safe in all other respects.
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