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Abstract

Background The use of kinetic impact projectiles (KIPs) for crowd-control has increased worldwide. Despite having been
created as non-lethal weapons, significant damage to several organs, including the eye, has been reported. In this study, we
investigated cases of ocular trauma from KIPs during the civil unrest in Chile. To our knowledge, this is the largest case
series recorded in international literature.

Methods We included all patients who sought care or were referred to the Eye Trauma Unit, a national referral centre in
Santiago, Chile, during the civil unrest from October 18 to November 30, 2019. We reviewed paper medical records and
extracted data on suspected cause of trauma, type of trauma, visual acuity and sociodemographic data.

Results We included 259 patients, out of which in 182 cases (70.5%) KIPs were the suspected cause. Cases by KIPs were
predominantly male (86.6%), young (median age 26.3, interquartile range 22.0-31.4) and living in the Metropolitan Region.
Eighty-nine patients (48.9%) had severe visual impairment or were blind at the first examination. The trauma was an open-
globe injury in 20.3% of cases and 13 cases required evisceration of the ocular content. Compared to other causes of ocular
trauma, KIPs were related to a more severe loss of visual acuity and a higher frequency of open-globe injuries.
Conclusions The use of KIPs during a period of civil unrest in Chile resulted in severe ocular trauma, visual impairment and
permanent disability. KIPs should be avoided as a method of crowd-control.

Introduction

Crowd-control weapons (CCWs) are less-lethal weapons
used by law enforcement agencies as a method of limiting
the escalation of a conflict to minimize the number of
casualties. Since its introduction in 1970 [1], the use of
kinetic impact projectiles (KIPs), a type of CCW designed
to incapacitate individuals by inflicting pain or sublethal
injury [2], has been reported in a growing number of
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Santiago, which started on October 11 and grew slowly
over the subsequent days. On October 18, these mass eva-
sions escalated into a nationwide movement against abuse,
social injustice and inequality, resulting in large demon-
strations and violence in Chile’s major cities. On October
19, after a night of social riots, arson of subway stations and
vandalization of public spaces, President Sebastidn Pifiera
declared a State of Emergency, granting the Military control
of public safety.

To control the civil unrest, the Chilean police force
used water cannon trucks, tear gas and pepper spray,
batons and KIPs, i.e., “rubber bullets” (baton rounds) and
bean bag rounds. The Chilean police force controlled the
demonstrations violently, resulting in 11,180 people
injured and 1974 with gunshot wounds [9]. Ophthal-
mologists in trauma units noticed a rise in ocular trauma
already on October 19; from October 22, the Eye Trauma
Unit at the Hospital del Salvador, in association with the
Chilean Medical Association and the Chilean Society of
Ophthalmology, producing a daily report warning about
the drastic increase of cases of ocular trauma. On
November 10, the National Police Director issued an
order limiting the use of KIPs. On November 15, a study
was released of a chemical analysis of the bullets,
showing a different composition than the one declared by
the National Police Force, resulting in their partial ban on
November 19 [10]. A detailed account of the timeline of
events can be found in Table S1.

Despite its intention to inflict only superficial painful
injuries, KIPs can cause significant morbidity and mor-
tality, much of it from penetrative injuries and head, neck
and torso trauma, including severe ocular trauma [2].
Previous studies have described injuries arising from
long-term periods of civil unrest in Northern Ireland in
1970-1975 [1, 11] and Israel and the Palestinian Terri-
tories in 1987-1993 and 2000 [12-14]. More recently,
trauma from less-lethal weapons have been described in
short-term civil demonstrations in France [15], India [16],
Turkey [17] and Nepal [18]. Few of these reports have
provided an in-depth description of ocular trauma, even
though severe ocular trauma represents a significant
global health problem, being, in some series, the main
cause of monocular blindness [12].

In this study, we investigated cases of ocular trauma
from KIPs during the civil unrest in Chile between
October 18 and November 30, 2019. We used data from
the national reference centre in ocular trauma (Eye
Trauma Unit) at the Hospital del Salvador in Santiago,
Chile. We described the suspected cause and visual
impairment, as well as the socio-demographic and oph-
thalmologic characteristics of the patients. This is the
largest case series of ocular injuries due to KIPs in the
international literature to date in a very short period.

SPRINGER NATURE

Methods
Study design

We carried out a cross-sectional study of all patients who
sought care or were referred to the Eye Trauma Unit at the
Hospital del Salvador in Santiago, Chile. The Eye Trauma
Unit is the national reference centre for ocular trauma and
the only ocular trauma centre in the Metropolitan Region,
covering a total of 13.4 million beneficiaries of public
health insurance (FONASA).

Participants

We analysed paper medical records of all patients with
ocular trauma occurred between October 18 and November
30, 2019.

Variables

We recorded the suspected cause of trauma based on clin-
ical history, physical examination, complementary exam-
inations and surgical findings, which had to be concordant.
We classified the trauma mechanism into open and closed
globe trauma, following the standardized classification of
ocular trauma [19].

We obtained additional information on visual acuity
(VA), type of trauma, primary and secondary diagnosis and
type of surgery when applicable. Ophthalmic technologists
(OT) measured the VA using the Electronic Early Treat-
ment for Diabetic Retinopathy Study visual acuity test with
a NIDEK SC-2000 system chart, calibrated at 5 m of dis-
tance [20]. The procedure included testing each eye sepa-
rately while wearing any current distance spectacles. If the
patient failed to see the largest optotype, the OT continued
testing for VA of counting fingers, hand movement or light
perception. The pinhole occluder was used in all cases when
VA was between 20/25 and counting fingers. We classified
VA data in seven categories using the International Clas-
sification of Diseases version 11: category O (no visual
impairment, VA 20/20 to 20/40), category 1 (mild visual
impairment, defined as VA of 20/40 to 20/70), category 2
(moderate visual impairment, defined as VA of 20/70 to 20/
200), category 3 (severe visual impairment, defined as VA
of 20/200 to 20/400), category 4 (blindness, defined as VA
of 20/400 to 20/1200 or count fingers at 1 m) and category 5
(blindness, defined as VA of 20/1200 to light perception)
and category 6 (blindness, defined as no light perception).
Categories 4-6 are considered blindness [21].

Patients were diagnosed and treated by a staff ophthal-
mologist alone or with the assistance of an ophthalmology
resident following the national protocol on severe ocular
trauma [22]. We registered whether there was a computed
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tomography (CT), B-scan ultrasonography or both. These
exams were used to identify the presence of intraocular
damage in cases in which eye fundus assessment was not
possible.

We extracted information on sociodemographic variables
from the medical records, including age, gender and area of
residence (Metropolitan Region and others). We used social
insurance as a proxy for socioeconomic status. We classi-
fied social insurance into private (ISAPRE) or public
(FONASA); the public insurance was further classified into
four categories defined by the National Health Fund: no
income (category A); monthly income lower than US$331.4
(category B); monthly income higher than USD$331.4 but
lower than USD$ 454.6 (category C) and monthly income
higher than USD$454.6 (category D).

Statistical methods

We used descriptive statistics to characterize the type of
ocular trauma, severity and sociodemographic character-
istics of patients. We used independent samples t-test to
compare continuous variables and Pearson’s chi-square test
to compare categorical variables. For time trends, we used
the date of occurrence of the trauma. We used R version
3.6.2 for all analysis. The R markdown file can be found in
the Supplementary Appendix.

Results

Between October 18 and November 30, a total of 259
patients sought care due to ocular trauma at the Eye Trauma
Unit. KIPs were the suspected cause in 182 cases (70-5%).
Other suspected causes were tear or pepper gas (36 cases);
blunt trauma with baton, fists or other tools (18 cases);
water tanks (10 cases); firearms (4 cases); and falls (1 case).
We could not establish the suspected cause in 8 cases. All
cases of ocular trauma by KIPs were secondary to the
impact of baton rounds of 8 mm diameters with a cartridge
of 12 bullets each (Fig. 1).

Table 1 shows the characteristics of patients by sus-
pected cause of trauma. Patients with ocular trauma
caused by KIPs were young (median age 26.3, inter-
quartile range 22.0-31.4), more often male and from the
Metropolitan Region. Cases were almost equally dis-
tributed among different categories of the public health
insurance and also 11.5% had private health insurance.
Thirty-three cases had total blindness and 90 cases
(49.5%) had severe visual impairment or were blind at
first examination (WHO categories 3 to 6). Around 20%
of the cases caused by KIPs had open-globe trauma.
Compared to other suspected causes of trauma, patients
with trauma caused by KIPs were younger, more often

Fig. 1 KIPs with its cartridge.Each cartridge contains twelve 8mm
baton rounds. The logo was removed using a photo editing software.

lived in other regions, had a lower VA and had more
often open-globe injuries.

Table 2 shows the ophthalmologic characteristics of the
patients. All cases were unilateral except by one case, an 18-
year-old man with an open globe injury in one eye and an
intraorbital foreign body in the contralateral eye. Closed-
globe injury was the most common primary diagnosis.
Traumatic uveitis, hyphema, vitreous haemorrhage and
eyelid laceration was the most common secondary diagnosis
in closed-globe trauma. There were 105 surgical procedures
performed in 91 patients. The most common surgical pro-
cedures was the removal of the intraorbital foreign body
(48.6%), followed by the repair of open globe injury. Thir-
teen patients required evisceration of the ocular content, and,
therefore, experienced permanent monocular blindness.

The time trends show the incidence of new cases of
ocular trauma during the study period (Fig. 2). Around half
of the cases (48.4%) due to KIPs occurred during the
beginning of the civil unrest and the State of Emergency,
with peaks on October 21, 24 and 28 and November 8, 12
and 15. Cases of ocular trauma continued despite warnings
by civil society and medical authorities (since October 22)
and the limitation in the use of KIPs issued by the police
force (on November 10). There were nine cases recorded
after the total ban on November 19.

Discussion

We investigated cases of ocular trauma from KIPs during
the civil unrest in Chile between October 18 and
November 30, 2019. We obtained data from medical
records from the national reference centre and only Eye
Trauma Unit in the Metropolitan Region. KIPs were the
largest suspected cause of ocular trauma, affecting pri-
marily young males and causing both open and closed-
globe trauma. Visual acuity at the first examination was
very poor in a large proportion of cases.

SPRINGER NATURE
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Table 1 Characteristics of 251 patients with ocular trauma at the Eye
Trauma Unit in Hospital del Salvador, Santiago, Chile, between
October 18 and November 30, 2019.

Table 2 Ophthalmologic characteristics of 182 patients with ocular
trauma by KIPs at the Eye Trauma Unit in Hospital del Salvador,
Santiago, Chile, between October 18 and November 30, 2019.

Kinetic impact Other P value
projectile mechanism
n* 182 69
Age (median (IQR)) 26.3 (22.0-31.4)  31.8 (25.3-43.0)
Age categories 0.004
Less than 18 years 15 (8.3) 5(7.2)
18-35 years 137 (75.7) 39 (56.5)
35-50 years 23 (12.7) 17 (24.6)
Over 50 years 6 (3.3) 8 (11.6)
Female, % 19 (10.4) 11 (15.9) 0.23
Residence in Metropolitan 153 (84.1) 65 (94.2) 0.034
Region, %
Type of health insurance 0.66
FONASA A 34 (18.7) 13 (18.8)
FONASA B 39 (21.4) 17 (24.6)
FONASA C 41 (22.5) 10 (14.5)
FONASA D 40 (22.0) 20 (29.0)
ISAPRE 21 (11.5) 6 (8.7)
No insurance or PRAIS 7 (3.8) 34.3)
Visual acuity 0.01
0 (no impairment) 69 (37.9) 31 (46.3)
1 (mild impairment) 11 (6.0) 9 (13.4)
2 (moderate impairment) 12 (6.6) 7 (10.4)
3 (severe impairment) 527 5(7.5)
4 (blindness) 13 (7.1) 2 (3.0
5 (blindness) 39 (21.4) 10 (14.9)
6 (blindness) 33 (18.1) 3 4.5)
Diagnosis 0.002
Open-globe 37 (20.3) 11 (15.9)
Closed trauma 141 (77.5) 49 (71.0)
Unknown 4(2.2) 9 (13.0)

Data are median (interquartile range (IQR)) or count (%). FONASA A,
B, C and D are the public health insurance categories. ISAPRE is the
private health insurance. PRAIS is a program for victims of torture
during the Military Dictatorship (1973-1989).

“The suspected cause was unknown in eight cases.

We observed a large number of ocular trauma cases
caused by the impact by KIPs in a very short period of time
(42 days), a phenomenon not observed previously in Chile
or the international literature. The number of cases reported
here is the largest described to date, more than those
reported in Israel during the first Intifada between 1987 and
1993 (157 cases) [12] or during the Yellow Vest demon-
strations in France between 2016 and 2019 (43 cases) [23].

Our study shows that most patients were young men.
This is in line with findings in other settings and likely
reflects the age distribution of the demonstrators. We found
a high rate of patients who were less than 18 years old
(8.1%), which has also been reported in Israel and the
Palestinian Territories and France [12, 23].

Visual acuity is the most important prognostic factor in
ocular trauma [24, 25]. The proportion of patients without
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Ocular trauma characteristics

Compromised eye Right eye: 91 (50%)
Left eye: 90 (49.5%)
Both eyes: 1 (0.5%)
Closed-globe injury: 89 (48.9%)

Intraorbital foreign body injury: 52
(28.6%)

Open-globe injury only: 20 (11%)

Primary trauma diagnosis

Open-globe injury and intraorbital
foreign body: 17 (9.3%)

Others: 4 (2.2%)

Traumatic uveitis: 45 (31.9%)
Hyphema: 42 (29.8%)

Vitreous haemorrhage: 35 (24.8%)
Eyelid laceration: 32 (22.7%)
Orbital fracture: 7 (5%)

Macular hole: 5 (3.5%)

Retinal haemorrhage: 12 (8.5%)
Corneal oedema: 7 (5%)

Berlin’s oedema: 18 (12.8%)
Commotio retinae: 34 (24.1%)
Chorioretinitis sclopetaria: 11 (7.8%)

Secondary diagnostic of closed-
globe trauma

Ocular hypertension: 7 (5%)
Retinal detachment: 5 (3.5%)
Traumatic cataract: 6 (4.3%)
Conjunctival laceration: 9 (6.4%)
Scleral partial laceration: 2 (1.4%)
Crystalline lens dislocation: 2(1.4%)
Iridodialysis: 4 (2.8%)

Corneal partial laceration: 1 (0.7%)

Removal of intraorbital foreign body: 51
(48.6%)

Repair of open-globe injury: 18 (17.1%)
Evisceration: 13 (12.4%)

Pars plana vitrectomy: 6 (5.7%)

Eyelid laceration: 5 (4.7%)

Lateral canthotomy and cantholysis:
2 (1.9%)

Conjunctival laceration: 4 (3.8%)
Others: 6 (5.7%)

Surgery

light perception (i.e., the lower level of VA) was lower
than those reported in Northern Ireland [1], Israel [14] or
France [23]. However, the proportion of cases of ocular
trauma by KIPs with VA equal or lower than 20/100 was
higher than those reported in Israel [12, 14], but lower
than those reported in France [23].

We found that around 20% of cases had open-globe
trauma. This is similar to reports in Nepal [18] and lower
than previous studies in Northern Ireland, India, France
and Israel [1, 14, 16, 23]. The damage from KIPs depends
on the composition, size, weight and shooting distance.
The KIPs used by the Chilean police force were initially
said to be rubber bullets; however, ophthalmologists at
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Fig. 2 Daily number of ocular trauma cases, by suspected cause, during a period of civil unrest in Chile (October 18 — November 30, 2019). The
blue line represents cases of ocular trauma caused by KIPs, while the red line represents all other cases.

the Eye Trauma Unit noticed that the projectiles showed a
metallic density and produced a hardening and scatter
beam artefact in the CT of the orbit. A chemical study of
KIPs showed that the KIPs in Chile consisted of 20%
rubber and 80% other compounds, including silica, bar-
ium sulphate and lead. A physical analysis confirmed a
higher hardness than rubber [10]. The police protocol
instructs KIPs to be used 30 m away from the objective,
yet these results indicate that, given the hardness of the
KIPs used in Chile, these are more likely to produce
open-globe injury even if shot according to police pro-
tocol [26, 27].

We found that about half of the cases occurred during
the State of Emergency and curfew between October 19
and October 26. Cases of ocular trauma due to KIPs
continued to occur despite the warnings from the Eye
Trauma Unit, Chilean Medical Association and the Chi-
lean Society of Ophthalmology, the limitation in their use
issued by the National Police Director and even after their
total ban.

Our study has several strengths. First, we examined
cases from the largest national referral centre and the
only eye trauma unit in the Metropolitan Region. Second,
we used a standardised classification of ocular trauma,
objective scales to assess VA and all patients were
evaluated by a staff ophthalmologist alone or with
the assistance of an ophthalmology resident, reducing the
risk of measurement error. Third, as the events occurred
in a brief period of time, we are able to establish with
reasonable precision the time of ocular trauma.

However, there are limitations to this study. The Eye
Trauma Unit is a public institution and most of
the patients have public health insurance. Our data cover
74.4% of all cases in the country during the study period
[9] and, therefore, our estimates might not represent
cases in other regions or with private health insurance.
Second, more severe cases are more likely to seek health

care. Our cases are probably an underestimation of the
total number of cases and of higher severity. However,
as severe ocular trauma is covered by the Regime of
Explicit Guarantees, which guarantees treatment access
and financial protection, we considered unlikely that
patients with severe ocular injuries have not sought
health care. Third, given we measured VA at the first
examination, we cannot ascertain that all the cases of
blindness are permanent, except for those that required
evisceration.

Public health implications

Our study shows that KIPs for crowd-control are not
fulfilling their purpose to avoid severe and fatal injuries,
leading to visual impairment and eventually blindness in
a large number of cases. KIPs appear not to be safe even
if shot following the established protocol (at more than
30 m of distance and without aiming at the head), given
their unpredictable trajectory and hardness. Ocular
trauma from KIPs continued even after the warnings from
civil society and national and international media and
even after a partial and total ban of their use, indicating a
breach in the protocol by the police force and the failure
of the Chilean government to react to the violation of the
protester’s human rights. The experience of Chile pro-
vides a cautionary tale about the use of KIPs during social
protests.

Conclusions

The use of KIPs resulted in severe ocular trauma, visual
impairment and permanent disability. KIPs should be
avoided as a method of crowd-control. Future research
should explore the long-term prognosis of ocular trauma
caused by KIPs.

SPRINGER NATURE
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Summary
What was known before

e The use of kinetic impact projectiles (KIPs) for crowd-
control has increased worldwide. The KIPs can produce
damage to several organs, including the eye.

What this study adds

o This is the largest case series of ocular trauma recorded
in the international literature.

e The use of KIPS during a period of civil unrest in Chile
resulted in severe ocular trauma, visual impairment and
permanent disability.

e KIPs should be avoided as a method of crowd-control.
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