
EDITORIAL

The primum non nocere principle

More than ever, primum non nocere (rst, do no harm)
is the main thought we all should have in our minds at this
particular moment of the human being!

Jean Guillaume Auguste Lugol, the famous French
physician who developed the "5% potassium iodide solu-
tion" (called Iodine) would never anticipate the impor-
tance of his once-known therapeutic substance when
presenting his Mémoire sur l’émploi de l’iode dans les
maladies scrofuleuses in 1829 at the Royal Academy of Sci-
ences of Paris.1 Although Professor Lugol’s original efforts
to use iodine to stop the progress of tuberculosis proved
to be unsuccessful in the following years, it was Walter
Schiller’s pioneer studies of early cervical cancer
histogenesis,2-4 after nearly 100 years, that built up a “no-
ble” place for this solution among the medical diagnostic
resources that were to come, especially for upper GI
endoscopy.

Back to chemistry lessons: Lugol’s solution contains po-
tassium iodide (KI) and a stoichiometric amount of
elemental free iodine (I2), which confers to it varying
strengths, the most commonly available from 1% to 5%.
By reacting with the I2, iodine ion (I-) forms a triiodide
ion (I3-), which is soluble in water and has its presence re-
vealed by a yellow or brown color according to its low or
high concentration in the solution, respectively.5 Having
the essential capability of reacting with glucose chains, a
signicant amounts of I3

- is “ready to work” wherever the
glucose chains are stored.

In contrast to malignant nonkeratinized epithelial cells,
the typical cells contain abundant glycogen, a polymeric
biomolecule composed of thousands of linear chains of 8
to 12 glucose units, on average.6 After Lugol’s solution is
sprayed onto stratied squamous epithelium, the
intracellular glucose chains coil up, tting inside the I3

- .
This reaction soon turns into an absorbing deep dark
brown light one, mimicking the “iodine clock reaction”
phenomenon and indicating silently (and for a short
time) the presence of a well-glycogenated normal epithe-
lium: the longer the glucose chains are, the more intense
the color reaction will be.7

Evaluating a variety of patients with an insightful eye,
Professor Walter Schiller registered areas of different
shades of brown staining on cervical mucosa. Interpreted

as Lugol positive, or Schiller negative, or simply, iodine
represented either benign conditions (eg, columnar
epithelium, atrophic squamous epithelium, ulcers, infec-
tion, hyperkeratosis, or traumatic desquamation) or the
more relevant suggestive premalignant (eg, metaplastic
epithelium, dysplastic epithelium) and malignant condi-
tions. Although not pathognomonic, his work drove the
attention of the scientic community to learn the bound-
aries of high energy-consuming epithelial lesions. “Patho-
logic epithelium, especially carcinomatous, does not take
up the stain, but instead remains light, or at most slightly
yellowish.” His words, published in 1933, remain effective
today.8

Being the seventh most common cancer in the world
(3.2% of all cases) and consisting essentially of the esoph-
ageal squamous cell carcinoma (ESCC) histiotype, esopha-
geal cancer remains in the sixth position in mortality
(5.3%) according to GLOBOCAN 2018.9 With a
geographically uneven incidence (21-fold difference be-
tween the countries with the lowest and the highest inci-
dence rates), a high lethality (89%), and a predominantly
advanced staging at diagnosis, ESCC bears the burden of
a poor overall 5-year survival rate (16.9%).10 Harmful
relationships connecting silent (often asymptomatic)
supercial lesions to subtle changes in the mucosa and
high tumor aggressiveness (cancer rapidly invades
through the wall) are among the reasons why ESCC is
easily overlooked during endoscopic examination or
diagnosed late. Therefore, the detection of precursor
lesions and/or ESCC at an earlier and potentially curable

Harmful relationships connecting silent (often
asymptomatic) supercial lesions to subtle
changes in the mucosa and high tumor
aggressiveness (cancer rapidly invades
through the wall) are among the reasons why
ESCC is easily overlooked during endoscopic
examination or is diagnosed late. Therefore,
the detection of precursor lesions and/or
ESCC at an earlier and potentially curable stage
of the disease is critical (and desirable) to
improve patient survival.
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stage of the disease is critical (and desirable) to improve
patient survival.

The development of a exible beroptic endoscope by
Hirschowitz et al11 dramatically changed endoscopic
practice in the late 1950s and allowed further conformable
and direct inspection of the upper GI lumen. Soon, in 1966,
Voegeli12 kicked off the era of enhanced imaging for
endoscopic esophageal investigation by reporting the rst
use of Lugol’s solution on nonkeratinized epithelial mucosa.
Subsequent ndings by Rywlin and Ortega13 in 1970
(glycogenic acanthosis), Brodmerkel3 in 1971 (diagnosis of
esophageal diseases), Nothmann et al14 in 1972
(characterization of squamocolumnar junction limits), and
Toriie et al15 in 1975 (diagnosis of esophageal diseases), to
mention some workers, helped promote the use of vital
chromoendoscopy in the differential diagnosis of
esophageal diseases. As an example, some of the terms
established by them (eg, glycogenic acanthosis) are still in
use today.

As a well-established concern, improved endoscopic
detection and delineation of the limits of high-grade
dysplasia and/or early cancerous lesions in the high-risk can-
cer population (eg, tobacco and alcohol users, patients with
already diagnosed ESCC or head-and-neck carcinoma)
should be pursued whenever optimal visualization of squa-
mous mucosal abnormalities is required.16,17 Widely (and
also wisely) available today, Lugol’s staining turned into an
invaluable tool in characterizing the esophageal epithelial
surface as a simple and quick technique of progressively
spraying the solution on the surface to stain the mucosa
with a brown pattern, except for atypical lesions.15 For
these lesions, the sensitivity for mild dysplasia, moderate
dysplasia, severe dysplasia, and cancer was 45.9%, 55.3%,
87.0%, and 97.7%, respectively.18 Given the fact that
“hidden” esophagel cancer may continue evolving
asymptomatically, especially in low-income populations, all
efforts to prompting resection of these lesions or to better
direct biopsies are worth it. That is one reason why the inex-
pensive Lugol’s solution became so important to the endos-
copy family.

On the other hand, despite the remarkable achieve-
ments and benets of iodine staining in endoscopy, its
routine use would not be without a “cost” to the patients,
ie, without having adverse effects. Regardless of the con-
centration of the free corrosive iodine component in the
solution, several studies mention mucosal irritation leading
to acute and late adverse symptoms after Lugol’s staining:
retrosternal and/or epigastric pain, chest discomfort, acute
esophageal and gastric injury (eg, chemical esophagitis, ul-
cer), and possible allergic reactions are among a broad
collection of the reported reactions.19-21 All these “friendly
re” clinical symptoms may further discourage the clinical
use of the iodine substance and decrease early identica-
tion of premalignant and malignant lesions. Like a re-
entry mechanism, in the end, they may prevent early diag-
nosis of esophageal cancer.

It is already known that sodium thiosulfate solution
(STS) eases the symptoms induced by mucosal staining
with Lugol’s solution. Therefore, it has been recommen-
ded for routine use after Lugol’s staining.22 However, not
diffusely used, it has been suggested to neutralize just
the iodine on the surface of the squamous epithelium.

At this point, would the use of the iodine solution to
clarify our “endoscopic myopia” justify the risk of pro-
moting patients’ retrosternal pain and/or chest discom-
fort and leaving these symptoms unpunished? Or
would it be possible to step outside the box, as Keith
Ferrazzi suggests, and “act the way into a new way of
thinking”? Is there any hidden solution waiting to be
found?

The nonmalecence precept, derived from the maxim
primum non nocere (do no harm) principle, is one of
the principal precepts of bioethics. It reminds healthcare
personnel to (re)consider the possible harm that any inter-
vention might do.

In this issue of Gastrointestinal Endoscopy, the study
by Jin et al,23 “The safety and efcacy of 2% vitamin C
solution (VCS) spray for relief of mucosal irritation
caused by Lugol chromoendoscopy: a multicenter,
randomized, double-blind, parallel trial,” may shed light
on relieving the discomfort of symptoms from the topical
application of Lugol’s solution. Following an old statement
that says “to have something new, somebody needs to do
something never tried before,” the authors tested spraying
VCS on mucosal surface after iodine solution and proved
that it also neutralizes free iodine, relieving the subsequent
adverse symptoms.

Commended on having rst tested the effect of
different concentrations of vitamin C both in vitro and
ex vivo (experiments on pig esophageal specimens), the
authors observed that a 2% VCS had an optimal discolor-
ation effect on the esophageal brown iodine-stained mu-
cosa without histologic damage.23 Only then did they
translate the results of these bench studies into a
noninferiority randomized translational trial. Washing the
esophageal mucosa of patients undergoing Lugol
chromoendoscopy (10 mL 2% Lugol iodine solution)
with a different solution, and evaluating patients’
descriptions of their clinical symptoms after 5 and 35
minutes of ending the examinations, they compared the
improving symptoms in 3 distinct groups of 80 patients
each, using in the normal saline (NS) group an NS
solution (20 mL), in the STS group a 5% STS, and, nally,
in the VCS group, a 2% VCS.23

With the reduction of acute and late adverse symptom
severity scores as primary endpoints and the discoloration
effect of esophageal brown iodine-stained mucosa as a
secondary endpoint, they found no difference between
the STS and VCS groups regarding the reduction of
both acute and late adverse symptom scores except
when they were determined against NS, where both
were superior.23
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Interestingly, the authors also found that VCS better
alleviated acute acid regurgitation and late retrosternal
discomfort or pain when compared with STS. VCS and
STS quickly discolored the iodine-stained mucosa in a
similar way, performing better than NS.23

Despite the encouraging results obtained with VCS, one
must remember that this trial was designed as a noninfer-
iority comparison, ie, the study aimed to demonstrate that
an experimental treatment is not substantially worse than a
control treatment (placebo or active control). Noninferior-
ity trials may be performed in situations where conducting
a placebo control trial is unethical.22 Moreover, in favor of
the authors’ choice of protocol design, the noninferiority
trials may also be used in the investigation of important
advantages of the new treatment over the standard ones,
especially in terms of improved safety, convenience,
better compliance, or cost.

Currently considered the best experimental design to
assess issues related to treatment and prevention, noninfer-
iority trials have gained popularity within the past decades
and are more complex to design, conduct, and interpret
than conventional superiority trials. There are some compli-
cated issues with trials of this type that make them less reli-
able than typical superiority trials.24 Among others,
noninferiority margin (the maximum acceptable extent of
clinical noninferiority of an experimental treatment), assay
sensitivity (the ability to distinguish effective treatments
from those that are less effective or ineffective), and
sample size are important factors to consider.24

As for the study by Jin et al,23 the authors found that
acid regurgitation/heartburn was experienced by 33% and
15% of the patients in the STS and VCS groups,
respectively, generating statistical signicance (P Z
.017).23 Digging into this result, it should be interpreted
with caution because it could be a false positive result,
representing a complicated issue as mentioned above.
Accordingly, in a superiority trial, a sample size of 120
patients in each group would be needed to detect this
same difference (ie, 33% vs 15% in a dichotomous
endpoint).

Therefore, the fair conclusion (along with the take-
home message) is that VCS is noninferior compared with
STS in preventing the adverse events related to Lugol
spraying of the esophageal mucosa. On the basis of the re-
sults obtained by Jin et al23 with the use of NS, it is also
noteworthy that an “antidote” solution, either VCS or
STS, should be used as an integral part of Lugol
chromoendoscopy for the sake of our patients’ comfort.
Not less important, availability and costs will certainly
inuence the choice of VCS or STS solutions in the
different endoscopy services worldwide.

Finally, keeping alive the principle of the primum non
nocere in their research, we thank the authors for expand-
ing our arsenal of drugs to mitigate patient discomfort
caused by Lugol’s chromoendoscopy.
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