
Introduction
Catastrophes can be defined as unexpected situa-

tions that cause property damage and physical injuries. 
The available resources are always insufficient, since 
these events involve numerous social bodies, such as: 
The forces of law and order, civil defense, and medical 
personnel. This necessarily leads to organization and 
coordination among these groups.

Bomb outrages and deaths by firearms are the most 
common means of terrorism. Explosions are chemical, 
physical, or nuclear processes that produce a significant 
and fast exothermic liberation of energy. The detona-
tion is propagated at a supersonic speed within a radius 
of 5.000 m/s. From the center of the explosion emerges 
a shock wave that implies a change in atmospheric pres-
sure, and produces a mass movement called explosion 

wind. At the epicenter of the explosion originates a 
front in which pressure instantly increases to a maxi-
mum, and then exponentially lowers to a sub-atmos-
pheric level, to ultimately return to the environment 
pressure. This overpressure and thermal energy are the 
cause of the injuries by explosion [1-3].

In practice, these rules of pressure change depend-
ing on whether the explosion is outdoors or indoors. 
Primary injuries are related to proximity to the epi-
center, and they are unusual in survivors but very com-
mon to people who die instantly. The vast majority 
of survivors have secondary and tertiary injuries, and 
these are treated similar to any other traumatic lesion. 
Primary injuries only affect the anatomical structures 
that contain gas. The solid organs are more resistant to 
the shock wave, and as a result, a patient with primary 
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ABSTRACT 

Background: In recent years, we have witnessed dreadful terrorist attacks that increasingly affect us. Catastrophes imply 
physical damage and grievous bodily harm that can strain the capacity of available hospitals to provide quality healthcare. 
Materials and Methods: The authors describe and analyze the performance of the orthopedic surgery department at a 
university hospital faced with a terrorist attack that injured 1167 and killed 192 people. 
Results: The injuries are characterized by severity and tissular damage spreading, including deep wounds, blast injuries, 
and burns. 
Conclusions: The review of analyses of previous catastrophes, described by our colleagues in different studies, can be 
very useful inorder to avoid mistakes in the future.
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Introduction
DM may lead to some ischemic conditions such as 

coronary artery disease, peripheral artery disease and 
retinopathy. It is characterized by a hyperglycemia that 
may cause microvascular and/or macrovascular com-
plications over time. Although diabetic retinopathy is 
its most common complication and neovascular glau-
coma, refractive changes[1] and various corneal dis-
orders may be also seen. These include dysfunction in 
the corneal endothelium, desensitization[2], stromal 
and subbasal nerve abnormalities[3], low endothelial 
density and hexagonality[4], increased corneal autoflu-

orescence[5], fragility that is raised with the decrease 
in corneal sensitivity, recurrent epithelial erosions, 
epithelial edema, desensitization and neurotrophic ul-
cers. Following argon laser iridotomy and intraocular 
surgery, endothelial dysfunction and persistent stro-
mal edema were the other corneal disorders that we 
were found in DM patients[6, 7]. It was noticed in 
many publications[8-16] that central corneal thickness 
(CCT) is increased in adult diabetes mellitus patients. 
However, this increase was not observed in some of 
the studies, [17-19]. In the studies that were done on 
the children with T1D, it was detected that in general 
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Abstract

Objective: To evaluate the changes in the number of Langerhans Cells (LC) observed in the epithelium of 
smokeless tobacco (SLT-induced) lesions. 
Methods: Microscopic sections from biopsies carried out in the buccal mucosa of twenty patients, who were 
chronic users of smokeless tobacco (SLT), were utilized. For the control group, twenty non-SLT users of SLT 
with normal mucosa were selected. The sections were studied with routine coloring and were immunostained 
for S-100, CD1a, Ki-67 and p63. These data were statistically analyzed by the Student’s t-test to investigate the 
differences in the expression of immune markers in normal mucosa and in SLT-induced leukoplakia lesions. 
Results: There was a significant difference in the immunolabeling of all markers between normal mucosa 
and SLT-induced lesions (p<0.001). The leukoplakia lesions in chronic SLT users demonstrated a significant 
increase in the number of Langerhans cells and in the absence of epithelial dysplasia. 
Conclusion: The increase in the number of these cells represents the initial stage of leukoplakia. 
Key words: Smokeless tobacco, leukoplakic lesions, cancer, langerhans cells, chewing tobacco.

Introduction

Among tobacco users, there is a false be-
lief that SLT is safe because it is not burned, 
which leads many people to quit cigarettes 
and start using SLT [1]. However, SLT con-
tains higher concentrations of nicotine than 
cigarettes and, in addition, nearly 30 carci-
nogenic substances, such as tobacco-specific 
N-nitrosamines (TSNA), which is formed 
during the aging process of the tobacco, [2-4] 
and which presents high carcinogenic poten-
tial. Moreover, because the tobacco has direct 

contact with the oral mucosa and creates a 
more alkaline environment, its products may 
even be more aggressive to tissue [5]. The 
percentage of SLT users is lower compared 
to cigarette users; however, usage is increasing 
among young individuals and it is therefore a 
significant and disturbing danger [6,7]. 

Initial studies on the effects of SLT on the 
oral mucosa demonstrated the formation of 
white lesions induced by chronic exposure to 
tobacco, characterized by epithelial thicken-
ing, increased vascularization, collagen altera-
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ABSTRACT 

Objective: To research whether central corneal thickness (CCT) of children with Type 1 diabetes mellitus (T1D) is different 
from healthy children at same age group and whether metabolic control has an effect on corneal thickness. 
Materials and methods: The children with T1D who applied to our outpatient department with the aim of controlling for 
possible diabetes complications and who had no diabetic retinopathy were prospectively evaluated. The healthy children 
from the same age group who applied to our outpatient setting for eye control and who had no systemic or eye disease were 
included in the control group. The CCT of all children was measured with ultrasonic pachymeter with topical anesthesia. 
Findings: While the corneal thickness for healthy children was 554.25±42.85 (500 – 678 µ), the average corneal thickness 
for diabetic children was 567.38±33.28 (487 – 628 µ). A significant difference was detected for average corneal thickness 
(Z=-2.040 p=0.041). No relation was detected between the central cornea thickness and the duration of diabetes (t=1.418 
p=0.168), average HbA1C level (t=1.261p=0.218), hyperglycemia (t=0.228 p=0.821) and hypoglycemia attack number 
(t=-0.332 p=0.743). 
Result: CCT is increased in the patients compared to the control group even before DM has developed a retinopathy. 
A relation of this increase with period of diabetes, HbA1C level and hypoglycemia attack number could not be detected. 

Key words: Central corneal thickness, type 1 diabetes mellitus
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Table 1. Types of explosion lesions.

Lesions Mechanism

Primary Gas structures

Secondary Shrapnel

Tertiary Body moving
Physical damage

Quaternary Burns
Dinitrobenzene poisoning

Table 2. Stages for social-sanitary catastrophe control.

Phase I Activation

Actions
Communication
Verification
Leadership establishment

Phase II Action

Actions

Rescue
Triage
Stabilization
Transport
Definitive treatment

Phase III Recovery

Actions

Scene normalization
Systems normalization
Victim care
Evaluation
Reconstruction

injuries may have no external sings of traumatism. This 
is better noticed in submerged patients, as the water 
spreads the waves and inhibits the movement of solid 
materials. Burns, a direct consequence of the heat from 
the explosive device or the fire of the explosion, are of-
ten observed and rarely, poisonings by dinitrobenzene 
[4] (Table 1).

These deleterious effects on human beings are 
called blast injuries. Depending on the explosive used, 
the utilization of shrapnel, the explosion environment, 
the closeness to the epicenter, and the height of the ex-
plosive compared to the victim, the injuries will be of 
different degrees and levels of seriousness.

The victims of these premeditated attacks show in-
juries that combine the lethal effects of deep trauma-
tisms with the burns and the extensive physical injuries 
caused by the explosion.

Medical attention in a catastrophe, unlike in an or-
dinary emergency, reveals a disproportionality between 
the number of injured people, the seriousness of their 
lesions and the human and material resources available. 
That’s the reason why, in these extreme situations, the 

use of resources in victims with very slim chances of 
survival, can take medical attention away from patients 
that could survive if cared for [5].

This plan of action must be applied to the highest 
number of victims, in the shortest possible time, in or-
der to save the largest number of lives and reduce physi-
cal injuries.

With this scene of mass victims, the minimum ac-
ceptable care must be given to concentrate effort on the 
largest number of viable victims; this obviously is very 
far from the daily reality of health care whose aim is the 
best medical attention. The definitive therapy will be-
gin when new victims stop arriving and we gain control 
of the situation [6] (Table 2).

Patient classification allows us to establish a prior-
ity order for the use of the resources [6]. Following the 
same priority criterion, we will guarantee priority ac-
cess of the victims according to their injuries.

Materials and Methods
The performance and organization of the ortho-

pedic surgery department at the “Gregorio Marañon” 
University Hospital, faced with a terrorist attack in 
Madrid (11, March) that caused 1167 injured and 192 
deaths, is analyzed.

Terrorists detonated 10 explosives inside differ-
ent suburban trains, at 8 O’clock in the morning, on a 
working day. Each explosive device contained 5 kg of 
a high explosive, together with a significant amount of 
shrapnel.

The hospital has 1600 beds and 22 operating thea-
tres. At the time of the terrorist attack, 19 assistant 
doctors and 15 resident doctors were available in the 
orthopedic surgery department. The person in charge 
allocated tasks to the staff according to their experi-
ence; the most senior personnel positioned them-
selves at the point of victim arrival, in order to make 
a precise and quick classification, without taking part 
in the surgical procedures in the initial stage of triage 
and evaluation. They placed themselves at the entrance 
to the casualty department to meet the patients and to 
classify the seriousness of their injuries. These doctors 
went with the most critical victims to the resuscitation 
area, and they informed their colleagues in the surgical 
unit about the lesions found.

From the casualty department, depending on the 
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injuries, patients were sent to first aid, the resuscitation 
units or the available operating theatres. Multidiscipli-
nary teams made up of an anesthesiologist, orthopedic 
surgeons, general surgeons, nurses, and nursing auxilia-
ries were created. Those medical teams, determined the 
need for a more exhaustive examination by sub special-
ized units of plastic surgeons, cardiovascular surgeons, 
thoracic surgeons, neurosurgeons, urologists, and oto-
laryngologists.

For the first 6 h, the triage surgeons, reappraised all 
patients searching for lesions that were not initially di-
agnosed. Other doctors put into effect a less medical, 
though essential, task: They discharged 161 patients 
admitted in the hospital (28 of them in the orthopedic 
surgery area) to ensure sufficient beds in the event of a 
possible overcrowding. Sixty-six scheduled operations 
were cancelled and 19 operating theaters were used.

From 8 O’clock in the morning to 1 O’clock in the 
afternoon, 331 patients were looked after, representing 
25% of all victims of the terrorist attack. Of those 331 
patients, 81 (24.5%) were admitted to hospital.

Figure 1. Wound to the skin covering the cranium in a young female 
patient.

Figure 2. Catastrophic inferior limb.

Table 3. Fractures sustained by our patients.

Locomotor 
apparatus 
fractures

Open
(Gustilo’s Grade 

I‑II‑III)
Closed Total

Femur 2 (0-1-1) 0 2

Tibia-fibula 7 (0-2-5) 1 8

Foot 2 (0-2-0) 0 2

Clavicle-scapula 0 2 2

Humerus 3 (2-0-1) 0 3

Ulna-radius 3 (2-1-0) 1 4

Hand 3 (1-0-2) 1 4

Vertebra 0 4 4

Total 20 9 29

We made an Excel® (Microsoft Corporation, Red-
mond, Washington, USA) table with personal details 
and injuries of the admitted patients and we analyzed 
it with the SPSS 9.0® software (IBM, Chicago, Illinois, 
USA). We noticed that 58% of the patients were men 
and 68% had Spanish nationality. 26% had burns, 22% 
tympanic perforations, 53% pulmonary contusions, 
30% rib fractures, 5% acute abdomen, 20% craniocer-
ebral traumatisms, 6% had loose scalps (Figure 1), 26% 
had facial injuries, 5% ocular lesions, 23% open frac-
tures (Figure 2), 10% closed fractures, 5% vertebral 
fractures and just one patient had a spinal cord lesion 
(Table 3).

In order to classify the gravity of patients’ injuries, 
the abbreviated injuries scale (AIS-85) and the injuries 
severity scale (ISS) were used, based on the intensity of 
the anatomical and organic injuries.

The ISS is the only anatomical scoring system 
that gives a good correlation with mortality, morbid-
ity, hospital stay, and other parameters of severity. The 
AIS alludes to a given lesion’s threat to life, but it does 
not constitute a measure of severity [7,8]. The average 
values, in the patients admitted, of the AIS-85 and ISS 
were 11 (3-28) and 20 (9-63), respectively.

An information center was set up in the teach-
ing wing of the hospital, where psychologists, social 
workers, nurses, admission staff, and police identified 
the victims and gave this information to the relatives 
through all possible media, given that visitors were 
not allowed until the situation returned to normal. 
All scheduled activities were limited during the rest of 
that week.
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Figure 3. Appearance after Friedrich’s cure.

Figure 4. External fixator in open tibia fracture.

Figure 5. Femoral supracondylar traction in a catastrophic inferior limb. Shown are the plentiful shrapnel.

Results
Thirty-one patients, one of them an expectant 

mother, were operated on by the 19 surgical teams un-
til 1:00 p.m. They had 4 laparotomies, 4 craniotomies, 5 
ocular reconstructions, 13 Friedrich’s cures (Figure 3), 
1 femoral supracondylar amputation, 1 fasciotomy of 
1 leg, 3 external fixators were implanted (Figure 4), 1 
femoral supracondylar traction (Figure 5), and 11 tho-
rax vacuum tubes.

Two intraoperative exitus, 1 craneocerebral trau-
matism and one evisceration patient were reported and 

moved to a morgue temporarily set up in the rehabilita-
tion gymnasium.

In the surgical action, antitetanic prophylaxis and 
empirical antibiotics were administered to patients ac-
cording to their type of lesion and their immune report.

We tried to probe with a non-parametric test, such 
as the Fisher test, and found a correlation between the 
existence of lesions and sample variables, but we didn’t 
notice any statistically significant association. The av-
erage ISS of the patients with fractures was 29, nine 
points higher than the total ISS of the patients admit-
ted to hospital.

Discussion
Terrorist bombs usually have a few kilograms of ex-

plosives. In the air, the intensity of the initial shock wave 
decreases with the cubed distance from the epicenter, 
and that is the reason why primary lesions are less im-
portant than the secondary lesions caused by shrapnel, 
as this is what really produces the injuries from a dis-
tance. Primary injuries vary from 1% to 76% of the vic-
tims, although as a rule, secondary and tertiary lesions 
prevail. Mortality is in the 5%, range, unless the amount 
of explosive is very large and detonation occurs indoors 
causing collapse of the building.

After an attack, a lot of wounded people, brought 
by medical staff or witnesses of the tragedy, arrive at 
the casualty department in just a few minutes. Half of 
the people affected look for a medical service within an 
hour.

At the initial stage we focus our attention on signs 
of severe breathing difficulty and hemodynamic insta-
bility. Less than 50% of victims require hospital admis-
sion. In a bomb outrage, Einav et al. [8] and Almogy et 
al. [9] in two different papers reported that just 20% 
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of the affected people needed urgent medical attention. 
The rest of the people who go to the casualty depart-
ment are not emergency cases, and this creates difficul-
ties for the examination of the seriously injured victims.

It’s very difficult to evaluate the number of victims 
initially using the information given by the emergency 
medical staffs that take victims to the hospital. The 
number of affected people outdoors depends on the lo-
cal population density, the number of bombs and the 
explosive charge; however, it’s more predictable than 
when this kind of catastrophe happens indoors. Indoor 
explosions are associated with higher morbidity and 
mortality [10].

The death rate of the survivors with significant le-
sions increases in proportion to the mass of people 
when receiving the victims [11-13], and pulmonary 
trouble is normally the most lethal lesion among the 
early survivors [11,12].

The people who wear bulletproof vests are protect-
ed against the shrapnel but not against the shock wave, 
so they will show primary lesions of varying degrees of 
seriousness [11].

In most cases, the injuries are caused by the shrap-
nel propulsion (secondary lesions) and by the violent 
movement of the victims because of the explosion 
wind (tertiary lesions)[14].

The amputation of limbs is infrequent in the survi-
vors of an explosion, being just 1.5%, however, it’s rath-
er common to those who die instantly, 19% [14]. The 
amputations happen when the persons in question are 
close to the explosion, but they are rare in the survivors. 
These amputations are localized at the level of the shaft 
of long bones, and not at the articulation level as was 
first thought. The lesions are caused by the interaction 
of the shock wave with the osseous tissue. These waves 
fracture the bone at the diaphysis level and the wind of 
the explosion will afterwards blow the fractured mem-
ber off.

If the victims with limb amputations remain mo-
tionless, with no pulse and dilated pupils, they will be 
considered dead, so they won’t be attended to and we 
will give priority to the evacuation of the remaining pa-
tients. The use of laboratory tests will be minimized or 
eliminated until no new victims are arriving at hospi-
tals. Since we don’t usually know the nature and extent 

of the terrorist attacks, we should always have a plan 
prepared, focused on moving patients that have already 
been treated to other hospitals, in order to have enough 
room for more possible victims [15,16]. The hospital 
examined used portable image intensifiers in the op-
erating theaters, so as not to jam the x-ray unit and to 
obtain diagnosis quickly. The anesthesiologist’s role as 
a resuscitator was vital to keep the patients who were 
operated on stable.

These patterns of lesions require detailed medical 
attention to patients, given that for example, the same 
victim may have, on the one hand, a burn and a fracture 
of a long bone that require a recovery of volume, and 
on the other hand, a pulmonary contusion that needs 
liquid restrictions [17].

The accordion approach is essential to reappraise 
the situation of these patients constantly, and to give 
their lesions medical care at the same time. This way, 
we can uncover hidden injuries that could endanger the 
life or the limbs of the victims that had initially been 
classified as not seriously ill.

Unlike other authors, we don’t find a statistically 
significant connection between the existence of tym-
panic lesions and life-threatening injuries.

In spite of the high percentage of patients having 
a pulmonary contusion, we didn’t detect the develop-
ment of important respiratory distress.

Some determining factors were very important for 
a favorable medical outcome, such as efficient triage 
at the scene of the incident, the possibility of quickly 
moving the injured from the place of the terrorist attack 
due to the closeness to the hospital, and the low average 
age of the patients favoring the absence of a previous 
additional pathology.

We consider that the chronology of the explo-
sions was essential for the correct medical attention 
given to the victims. It was thanks to the fact that the 
scheduled surgeries hadn’t yet begun that we could es-
tablish a Level II of hospital treatment, and it wasn’t 
necessary to go on to Level III, which implies moving 
patients to other hospitals, owing to a healthcare col-
lapse (Table 4).

The horizontal work, carried out by multidiscipli-
nary teams of experienced doctors, is vertically con-
trolled from the resuscitation units and headed by very 

Year 2015 | Volume 4 | Issue 1 | 14-20
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qualified and clearly defined persons in charge.
It can give us very good results in circumstances 

where there is a disproportion between the number of 
victims, the seriousness of their injuries and the exist-
ing resources.

Our facts agree with studies of terrorist attacks in 
Ireland and Israel, where a higher rate of serious le-
sions than in unintentional traumatisms was described, 
because of the great impact of internal lesions (30%) 
[5,9,17]. The most affected parts of the body are the 
head and the extremities, and the most common inter-
nal lesion is the pulmonary one (54%), due to the ma-
jority of explosions happening indoors [9].

We haven’t detected any difference with regards to 
the hospital death rate of the explosion victims in re-
lation to gunshot victims, although persons wounded 
by firearms have a larger percentage of mortality in the 
first 24 h. For this reason, there is a longer average stay 
in the intensive care unit for the victims of an explo-
sion [9], and these data are important in order to plan a 
proper medical management.

We could criticize the ISS since it only takes into 
consideration the three most altered parameters of the 
patient, and this system can underestimate the overall 
condition of the victim, given that these patients usu-
ally have more than three lesions, and besides, the ISS 
doesn’t explicitly distinguish between open and closed 
fractures.

The critical analysis of former catastrophes can be 
very useful to avoid mistakes in the future. After the ac-
tions in the attack against the Murrah Federal Building 
in Oklahoma, it was recommended to avoid the addi-
tional triage load, and to give priority to the patients 
with moderate injuries to the detriment of those with 
severe lesions, as well as to restrict or eliminate imaging 
tests [17].

Considering that we are poorly prepared for giving 
medical attention to a large group of critical patients, 
it would be very helpful if we could have a predeter-

Table 4. Hospital assistance standards.

Level I Usual assistance

Level II Programmed assistance cancellation

Level III Patient transfer to other hospitals owing to collapse

mined and updated plan for a coordinated approach, 
based on the number of experienced doctors in every 
single hospital.
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