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At present, the infection caused by SARS-CoV-2 is 
one of the most important conditions facing the world. 
The first cases of pneumonia appeared at the end of 
2019 in Wuhan, Hubei province in China, which quickly 
became an epidemic and rapidly spread to the rest of 
the world1.

On December 31, the Chinese authorities alerted the 
World Health Organization, due to the continuing rela-
tionship of emerging cases with the Hunan market, 
which was eventually closed on January 1 for sanitiza-
tion. On January 6, China’s Center for Disease Control 
and Prevention activated a Level 2 emergency; later on 
January 8, the appearance of a new coronavirus was 
announced as the cause of these cases, and on Jan-
uary 9, the first genomic sequence of the virus was 
analyzed, this was carried out by the Chinese CDC, the 
new virus was named 2019-nCoV, and later on Febru-
ary 11, the WHO changed the name to SARS-CoV2.

The first reported case outside of China was on Jan-
uary 13 in Thailand, and on January 20, the CDC con-
firmed the first case in Washington, United States, that 
was associated with a man who traveled from Wuhan. 
Given the emergence of new cases on January 23, the 
Chinese government ordered the complete closure of 
this city; on January 30, the WHO declared a global 
health emergency, and thus on March 11, a pandemic 
was declared.

Since the first reported case in Wuhan, China, the 
local and finally global expansion has rapidly reached 
alarming levels. As of May 20, 2020, more than 4 mil-
lion positive cases and more than 317,000 deaths have 
been reported globally1-3. On April 5, 2021, there were 

more than 130 million patients worldwide and more 
than 2.8 million people died of COVID-19 (Fig. 1)4.

There are currently around 300 million cumulative 
cases of COVID-19 and 5 million deaths from January 
22, 2020, to January 6, 2022; in Mexico, there are 
around 4.6 million and a total of 303 thousand de-
ceased between the same dates.

All branches of medicine and various specialties 
have seen the need to rapidly investigate this disease, 
its nosology and its propaedeutic. In addition, since it 
is a new disease, the information behaves in a chang-
ing way with respect to the time it is published3,5.

We have witnessed events in other countries such as 
China and some in Europe, whose action plan has 
been fundamental in enriching knowledge and deci-
sion-making for our country3.

Since the beginning of the pandemic, the General 
Hospital of Mexico Dr.  Eduardo Liceaga has been a 
“COVID” concentration hospital, implementing a hospi-
tal reconversion plan that allowed it to have adequate 
areas for the care of patients with COVID-19 due to the 
urgency sanitary. On March 23, 2020, the hospital re-
ceived the first case of SARS-CoV-2. Subsequently, the 
Cardiology, Angiology, and Pneumology Tower and the 
Infectious Disease Service were converted with 68 
general beds and 24 intensive care beds.

Given the increase in the demand for medical care, 
the Surgical Tower was converted, with 220 beds: 157 
general, 53 intensive care, and 10 emergencies. In this 
first stage, 1300 health professionals dedicated them-
selves exclusively to COVID-19 care.
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In addition, five respiratory triage modules have been 
installed, located in the Pneumology Tower, Obstetric 
Emergencies, Pediatric Service, Medical-Surgical 
Emergencies, and personnel entrance.

During the 1st  year of the pandemic, the General 
Hospital of Mexico “Dr.  Eduardo Liceaga” treated 
13,194 confirmed or suspected COVID-19  patients, 
thanks to the extraordinary work of its staff from differ-
ent specialties and categories.

The causative agent is a new beta-coronavirus from 
the Coronaviridae family, named for its spheri-
cal lipoprotein capsule surrounded by multiple spicules 
(S-glycoproteins) that give it the appearance of a crown. 
Its genetic material inside is a single strand of posi-
tive-sense ribonucleic acid (RNA). Its genetic proximity 
to two coronaviruses present in bats makes it likely that 
this is its origin, with the possible participation of one 
or more intermediate hosts. The virus usually enters 
through the respiratory route and is fixed by the spic-
ules to its receptor, the membrane protein angioten-
sin-converting enzyme Type 2, of Type II epithelial and 
alveolar cells. Once internalized, the RNA is released 
for transcription and replication.

The disease cycle can be divided into two parts, the 
first in which viral replication takes place and the sec-
ond in which inflammation predominates5.

Regarding laboratory studies, the elevation of inflamma-
tion markers was frequent, the presence of lymphocytope-
nia (80%) and thrombocytopenia (36%). Elevation of D-di-
mer presents in 46% of hospitalized patients and elevation 
of troponin turns out to be markers of poor prognosis. In 
addition to the above, elevations of lactic dehydrogenase, 
lactate, and aminotransferases have been described5.

As the disease developed, many patients with sus-
pected COVID-19 and who did not require an emergent 
need for hospital management could be managed at 
home with close follow-up by telephone. It was ob-
served that the greatest care was between days 11 and 
16 from the onset of the disease, which is when pa-
tients begin to have signs of pulmonary inflammation, 
oxygen desaturation, tachycardia, rapidly evolving dys-
pnea on exertion, and general malaise5.

About 15% of the cases that had severe COVID-19 
required hospitalization and of those only 3% required 
intensive care and orotracheal intubation with mechanical 
ventilation, control of associated infection, reduction of 
inflammation and management of pulmonary thrombosis, 
as well as cardiovascular and hemodynamic support 
measures and oxygen supply in its different modalities.

The systemic management of the patient in the two 
phases mentioned is important, although it becomes 

difficult, since there is still no robust experience in the 
management of some antivirals. The late phases then 
require the use of steroidal anti-inflammatory drugs, 
anticoagulants, nutrition, and antibiotics, however, 
more research is required and to think that what is valid 
today probably will not be tomorrow5.

The future of the disease will depend on prevention mea-
sures such as the use of face masks, keeping the distance 
between people, maintaining places with adequate ventila-
tion, not going to massive events, as well as avoiding crowds 
in poorly ventilated places and in patients already diag-
nosed, with suggestive symptoms or who have had contact 
with a COVID-19 patient must remain in isolation4,5.

As for health personnel, who maintain a close rela-
tionship with infected patients, using personal protec-
tive equipment is necessary and essential, but it is 
equally important to know the correct use of this equip-
ment. For this, it is necessary to start with an evaluation 
of the exposure risk related to the activities carried out 
by health personnel, to have the equipment and mate-
rial available, and to maintain their correct use3,4.

Vaccination changed the course of the disease, this 
measure began in November 2020, the experience of 
traditional vaccines with live-attenuated viruses and the 
development of two different mechanisms of action were 
used, based on the management of messenger RNA in 
humans, that allows the immune portion of the virus to 
induce the immune cell response to give the information 
related to the virus to the lymphocyte and for it to react 
more quickly the next time it is in contact with it; there 
are three types of biologics and each one has shown 
different levels of efficacy; as of November 2021, more 
than 5 million vaccines have been applied worldwide 
with different percentages of complete schemes, current-
ly, there is a talk of the use of a third dose that reinforces 
the aforementioned schemes. In small countries with 
resources such as Qatar and Israel, the percentage of 
vaccination is 90% of their population.

Faced with the need for a drug, multiple lines of re-
search are found recently, the drug molnupiravir is in 
Phase 3, it is a ribonucleoside analog that inhibits the 
replication of SARS-CoV-2.

The possibility of reinfection in recovered patients, the 
duration of immunity, the impact of SARS-CoV-2 mutations, 
as well as the decrease in protection that vaccines may 
have are still some problems that are still under debate.

The world is currently experiencing an unprecedented 
crisis, we are in the midst of a pandemic, but we will 
learn a lot from it. The pain of illness and loss will come, 
we will value commitment to medical care, new 
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medicines and vaccines will appear. However, we will 
learn to take care of ourselves and take care of others.
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Figure 1. Timeline from the start of the pandemic to the present.
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abstract

Objective: To identify and describe the risk factors that increase susceptibility in older adults to infection by SARS-CoV-2 
(Covid-19). Material and methods: Descriptive, cross-sectional study in adults over 60  years, patients with a positive result 
(RT-PCR) were analysed to detect SARS-CoV-2. The study was carried out from May 17 to July 21, 2020. A multiple logistic 
regression model was used to analyse the risk factors of the study population. results: 102 older adults were included with a 
mean age of 82.5 ± 8.8 years, 55 (54%) were positive and 47 (46%) were negative. When analysing the risk factors related to 
higher mortality coupled with Covid-19 infection, the statistically significant variable was frailty, with an OR of 11.6 in frail adults 
compared to robust individuals (p-value = 0.024.) Conclusion: In the vulnerable population, risk factors must be identified and 
treated, but above all, such factors must be prevented in advance; early detection, isolation, effective treatment must be carried 
out as well as follow-up of contacts and prevention of the spread of the new virus to reduce mortality in vulnerable groups.
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Introduction

The 2018 National Survey of Demographic Dynamics 
(ENADID) reports that Mexico is home to 15.4 million 
people over the age of 60, representing 12.3% of the 
total population, and seven out of ten of them have 
some type of disability or limitation. The main causes 
of mortality in the 60-74 age group are diabetes mellitus 
(DM) and in the 75-84 age group, heart disease and 
neoplasms accounted for 57.8% and 51.9% of deaths 
respectively; in the over-85 age group, heart disease, 
DM and chronic lung disease accounted for 45.2% of 
deaths1,2.

The World Health Organisation (WHO) reports that a 
new coronavirus disease (COVID-19) is evolving rapidly, 

increasing the number of patients and fatal cases, pre-
senting serious problems in terms of diagnosis, mode 
of transmission, long incubation period, increasing ca-
ses in the community along with insufficient hospital 
protection resources3,4,5.

Epidemiological data from Wuhan province mention 
a 5.1  times higher risk of dying in symptomatic older 
adults aged 60 years, the prevalence of comorbidities 
being an additional risk factor for a poor prognosis. The 
WHO mentions that eight out of ten deaths occur 
among people with at least one comorbidity including 
cardiovascular disease, hypertension and diabetes.

Older adult populations living in gerontology centres 
are at high risk of epidemics as they provide an ideal 
environment for the acquisition and spread of infection, 
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as they share common areas, food, rooms and the 
presence of external visitors in their facilities, favouring 
the transmission of infectious diseases. This is de-
monstrated by the study of an outbreak in a gerontology 
centre in Mexico City, the first case being reported in 
the nursing area and spread by cross-infection6.

This article describes the clinical course and risk 
factors of a group of older adults who participated in 
the study.

Material and Methods

Descriptive, cross-sectional study that included older 
adults aged 60 years or more from the geriatric service 
of General Hospital of Mexico “Dr.  Eduardo Liceaga” 
in  whom SARS-CoV-2 (Covid-19) infection was 
detected.

A case was defined as senior patients who tested 
positive for the reverse transcription-polymerase chain 
reaction (RT-PCR) test for SARS-CoV-2 and who 
presented with typical (fever, diarrhoea, dyspnoea, 
myalgia, chest pain) and atypical clinical symptoms 
(functional depression, absence of fever, hypoactive 
delirium) or who were asymptomatic. Upper respiratory 
tract samples were used, with nasopharyngeal swabs. 
Given the variability in viral loads and the timing of 
sampling in relation to the time of exposure to the virus, 
a negative test result did not rule out the disease and 
a clinical and radiological picture was assessed.

The different variables to be studied were collected 
from the clinical records: onset of symptoms, risk fac-
tors, laboratory and academic studies, frailty, severity 
of the disease, cure or death.

Frailty was determined for each senior patient using 
Linda Fried’s phenotype of frailty model, which includes 
variables such as unintentional weight loss, self-repor-
ted exhaustion, low energy, decreased gait speed and 
low grip strength according to established cohort points 
for the Mexican population. Those with three or more 
of the factors were considered frail. Those with one or 
two factors were deemed pre-frail and without any of 
these variables were considered non-frail or robust.

Statistical analysis

The socio-demographic and clinical data of the older 
adults included in this study were analysed according 
to whether they were positive or negative cases to the 
test (RT-PCR) to compare risk factors associated with 
susceptibility to become infected with SARS-CoV-2 and 
according to whether they were cured or died from 

Covid-19. Data are shown with mean and standard de-
viation for continuous variables and with absolute and 
relative frequency for nominal or ordinal variables. 
A  Student’s t-test for independent samples or the 
Mann-Whitney U-test was performed depending on 
whether there was normality or not in the continuous 
variable, as well as a Pearson’s chi-squared test or 
Fisher’s exact test to see if there were statistically sig-
nificant differences in a bivariate manner among cate-
gorical variables. An infection ‘curve’ of older adults 
was plotted from the first to the last day of SARS-CoV-2 
virus confirmation using RT-PCR test. The association 
of potential risk factors for death from Covid-19 was 
analysed using a multiple logistic regression model. 
Results were considered statistically significant with a 
p-value of less than 0.05.

Statistical analysis was performed using STATA sta-
tistical software version 15.1.

Outcome

The study period included 102 older adults aged 
60 years and older with a mean age of 82.5 ± 8.8 years 
and 60 (58.8%) were female. 55 subjects (53.9%) were 
positive for SARS-CoV-2 virus. A Pearson’s chi-square 
test found that people whose frailty status was classified 
as frail had a higher frequency of virus infection com-
pared to people classified as robust (p-value=0.034). 
Like in the bivariate manner, Fisher’s exact test found a 
higher frequency (p-value=0.036) of SARS-CoV-2 in 
people with at least one of the following diseases: hypo-
thyroidism, dyslipidaemia, asthma, chronic kidney di-
sease or obstructive sleep apnoea syndrome compared 
to people with none of these diseases (Table 1).

Fisher’s exact test (Table 2) showed that people who 
became ill with Covid-19 and had to go to hospital were 
more likely to die than those who remained at home 
during their infection. Similarly, the higher the severity 
of the patient, the higher the mortality. Bivariate analy-
sis found no statistically significant differences between 
people who died and did not die from Covid-19 on va-
riables such as sex, diabetes mellitus, hypertension or 
obesity. Figure 1 shows the SARS-CoV-2 infection con-
firmation curve by PCR test, which occurred from 
17 May to 21 July, with the highest number of positive 
cases occurring on 2 June 2020.

P-values

Whilst analysing risk factors related to increased 
mortality and SARS-CoV-2 infection (Covid-19) using a 
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multiple logistic regression model, the variable found to 
be statistically significant was frailty, with an OR of 11.6 
in frail adults compared to robust individuals (p-va-
lue=0.024). The variables of sex, age, diabetes melli-
tus, hypertension and obesity were not found to be 
statistically significant. However, it was decided to lea-
ve them in the model as an adjustment because they 
have been widely reported in the literature to be asso-
ciated with Covid-19 mortality (Table 3).

Discussion

The World Health Organisation (WHO) reports an 
estimated statistical projection that in 2050 there will 
be 1.5 million people over the age of 65. In Mexico, the 
population is ageing rapidly. The ratio of women and 
men over 60 to the total population in 1990 was 6.6% 
and 5.1%, respectively; it is projected that in 2030, the 

incidence of women and men over 60 to the total po-
pulation will be 15.6% and 13.7%, respectively. Mexico 
City would be the place with the highest percentage in 
the country7,8.

It has been observed worldwide that the severity of 
Covid-19 disease depends on the age of the patient. 
Adults over the age of 65 account for 80% of hospita-
lisations and have a 23 times higher risk of death than 
those under 65 years of age. The predominant clinical 
features are fever, cough, dyspnoea and may progress 
to acute respiratory distress syndrome, cytokine relea-
se syndrome, endotheliitis, coagulopathy, multiple or-
gan failure and eventually death. In our series, the 
predominant symptoms were diarrhoea (32%), functio-
nal depression (19%) and fever defined as greater than 
or equal to 37.3ºC or an increase of 1.1ºC in basal 
temperature. Unfortunately, clinical data in older adults 
are mostly atypical for an infectious process and even 

Table 1. Socio‑demographic and clinical data of positive or negative test for COVID‑19 by RT‑PCR

Variable Total
(n = 102)

Positive
(n = 55)

Negative 
(n = 47)

p‑value

Mean age (SD) 82.5 (8.8) 82.6 (9.4) 82.4 (8.0) 0.918a

Sex
Females, n (%) 60 (58.8) 19 (34.5) 41 (87.2) <0.001b

Diabetes Mellitus, n (%) 36 (35.3) 20 (36.4) 16 (34.0) 0.807b

Hypertension, n (%) 73 (71.6) 35 (63.6) 38 (80.9) 0.055b

Cardiopathy, n (%) 24 (23.5) 12 (21.8) 12 (25.5) 0.659b

Obesity, n (%) 13 (12.7) 5 (9.1) 8 (17.0) 0.231b

COPD, n (%) 24 (23.5) 10 (18.2) 14 (29.8) 0.168b

Smoking
No, n (%)
Yes, n (%)
No longer smokes, n (%)

47 (46.1)
11 (10.8)
44 (43.1)

21 (38.2)
4 (7.3)

30 (54.5)

26 (55.3)
7 (14.9)

14 (29.8) 0.038c

Immunosuppression
None, n (%)
Cancer, n (%)
Immunoregulators or steroids n (%)

93 (91.2)
7 (6.9)
2 (2.0)

50 (90.9)
4 (7.3)
1 (1.8)

43 (91.5)
3 (6.4)
1 (2.1) 1.000c

Frailty
Robust, n (%)
Pre‑frail, n (%)
Frail, n (%)

35 (34.3)
38 (37.3)
29 (28.4)

14 (25.5)
20 (36.4)
21 (38.2)

21 (44.7)
18 (38.3)
8 (17.0) 0.034b

Other diseases
None, n (%)
One or more, n (%)

93 (91.2)
9 (8.8)

47 (85.5)
8 (14.5)

46 (97.9)
1 (2.1) 0.036c

aStudent’s t‑test for independent samples was performed.
bA Pearson’s Chi‑Square test was performed.
cFisher’s exact test was performed.
SD: standard deviation; COPD: chronic obstructive pulmonary disease.
Other diseases: hypothyroidism, dyslipidaemia, asthma, chronic kidney disease and obstructive sleep apnoea syndrome.
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Table 2. Socio‑demographic data in geriatric patients with a confirmed diagnosis of Covid‑19

Variables Deaths  
(n = 23)

Recovered patients  
(n = 32)

p‑value

Mean age (SD) 84.2 (11.1) 81.4 (8.0) 0.343a

Pre‑existing conditions
Diabetes Mellitus
Hypertension
Heart diseases
Obesity
COPD

7 (30.4)
15 (65.2)
7 (30.4)
2 (8.7)

6 (26.1)

13 (40.6)
20 (62.5)
5 (15.6)
3 (9.4)

4 (12.5)

0.438b

0.836b

0.190b

1.000c

0.290c

Immunosuppression
Cancer
No immunosuppressive disease
Chronic treatment with immunosuppressants

3 (13.0)
20 (87.0)

0 (0.0)

1 (3.1)
30 (93.8)

1 (3.1) 0.298c

Other pre‑existing comorbidities 
None 
One or more

19 (82.6)
4 (17.4)

28 (87.5)
4 (12.5) 0.707c

Frailty
Robust
Pre‑frail
Frail

3 (13.0)
8 (34.8)

12 (52.2)

11 (34.4)
12 (37.5)
9 (28.1) 0.100c

Clinical data
Care

Home
Hospital
Asymptomatic
Mild
Moderate
Severe

4 (17.4)
19 (82.6)

2 (8.7)
0 (0.0)

8 (34.8)
13 (56.5)

22 (68.8)
10 (31.2)
16 (50.0)
5 (15.6)

10 (31.2)
1 (3.1)

<0.001c

<0.001c

aMann‑Whitney U test was performed.
bA Pearson’s Chi‑squared test was performed.
cFisher’s exact test was performed.
Comorbidity: dyslipidaemia, asthma, chronic kidney disease and obstructive sleep apnoea syndrome.
COPD: chronic obstructive pulmonary disease.

Figure 1. Covid‑19 Outbreak in the National Model Centre for Gerontology Care, Research and Training ¨Arturo Mundet¨.
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more so in frail persons. As demonstrated by multiple 
comorbidities such as heart disease, diabetes and obe-
sity, which increase mortality in older patients9.

The poor response of older patients to physiological 
stress events can be explained by the fact that the 
immune system undergoes age-related changes charac-
terised by a gradual decline called immunosenescence, 
which prevents pathogen recognition and elimination. 
This results in a chronic increase in systemic inflam-
mation, defects in the innate immune system due to in-
effective pathogen recognition and macrophage activa-
tion and reduced natural killer (NK) cell cytotoxicity, and 
in the adaptive immune system due to thymic atrophy 
and accumulation of anergic memory lymphocytes, as 
well as the presence of lymphopenia. In the aforemen-
tioned series, five (9%) patients had immunosuppressive 
factors, in addition to advanced age, such as cancer and 
chronic use of corticosteroids10.

Ageing is accompanied by a state of frailty and 
long-standing chronic degenerative diseases and leads 
to early functional deterioration, dependence, disability 
and adverse prognosis with increased mortality. Neu-
ropsychiatric disorders, the endocrine, immune and 
musculoskeletal systems are the systems most 
implicated in the onset of frailty. This variable was found 
to be statistically significant, with an OR of 11.6 in frail 
adults compared to robust individuals (p-value=0.024). 
Although Mexico is considered one of the countries with 

the highest number of obese people in the world, we 
can observe a very important contrast here, since only 
12.7% are obese, most of them being pre-frail and frail. 
The pathogenesis of frailty syndrome is involved in the 
above, with one of the most important factors being 
the loss of muscle mass associated with ageing or sar-
copenia, which is the physical characteristic of most 
adults. Follow-up assessments include falls, mobility, 
functionality, hospitalisations and death, with more ad-
verse outcomes in those categorised as frail11,12,13.

Different studies have documented that the age ran-
ge of the deaths was 38 to 97  years with a mean of 
77  years. Ninety-three percent occurred in the over 
60-age group, 57.5% had metabolic problems such as 
DM and hypo or hyperthyroidism, as well as heart di-
sease and chronic obstructive pulmonary disease 
(COPD). In our study, the mean age was higher with an 
average of 82.5 ± 8.8  years, with a predominance of 
positive cases in males with 36 (65%) and 19 (34.5%) 
females6.

Metabolic diseases such as DM coupled with hyper-
tension may face an increased risk of 2019-nCoV in-
fection and may greatly affect the development and 
prognosis of pneumonia. Studies in our population 
have reported a case fatality of 12.1% higher than the 
global average (5.2%). In addition, patients with age 
≥  60  years, DM and hypertension had six (OR=6.43, 
95% CI 2.50-16.49), ten (OR=10.03, 95% CI 3.80-26.49) 
and seven (OR=7.22, 95% CI 2.78-18.74) times the risk 
of death. In contrast to what was found in our series 
where DM occurred in 20 (36.4%) of the patients, seven 
patients (30.4%) died and 13  patients (40.6%) were 
cured, with an OR of 0.4 (p-value=0.157), although this 
was not statistically significant, possibly due to the 
small number of the study sample. However, taking into 
account these risk factors widely described as poor 
prognostic factors for the disease14,15.

We know that the greatest risk of serious illness and 
death from COVID-19 among the Mexican population 
is pre-existing comorbidities. In our study, the comor-
bidities presented by the patients were hypertension, 
diabetes mellitus, heart disease and COPD.

Meta-analyses of retrospective studies confirm that 
COPD is associated with a 5.9-fold increased risk of 
progression, with a higher risk of death identified in 
individuals who have hypertension, diabetes, cardio-
vascular disease or cerebrovascular disease16. In con-
trast to our study, the total number of residents with 
COPD was 24 (23.5%), with 10 (18.2%) positive cases 
and 6 (26.1) patients who died. We also observed that 
the predominant factors were Hypertension with an OR 

Table 3. Logistic regression model of factors associated 
with Covid‑19 survival

Variable OR CI 95% p‑value

Sex
Females
Males

 
1.0
2.5

 
‑

0.6‑10.2

 
‑

0.206

Age 1.0 0.9‑1.1 0.861

Diabetes Mellitus
No
Yes

1.0
0.4

‑
0.1‑1.5

‑
0.157

Hypertension
No
Yes

1.0
1.1

‑
0.3‑3.9

‑
0.868

Obesity
No
Yes

1.0
0.8

‑
0.1‑5.6

‑
0.802

Frailty
Robust
Pre‑frail
Frail

1.0
3.8

11.6

‑
0.6‑24.8
1.4‑97.8

‑
0.161

0.024*

*Statistically significant with a p‑value < 0.05.
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1.1, (p-value=0.868.), Obesity 0.8, (p-value=0.802.), 
with the sample size limitation associated with statisti-
cal significance17.

Several European countries have reported that heal-
thcare workers account for more than 20% of all 
confirmed positive cases. In China, it has been docu-
mented that 63% of healthcare workers acquired the 
disease during the period when there were no protocols 
for the use of personal protective equipment18.

Conclusion

COVID-19 infection presents a daily challenge against 
time to avoid the contagion, morbidity and mortality it 
causes worldwide. Despite the fact that scientific advan-
ces represent an important effort for the knowledge of 
the virus, its diagnosis and treatment, information con-
tinues to be biased and the cases of infection and dea-
ths have been increasing exponentially. Concomitantly, 
we are able to recognise that one of the most vulnerable 
populations is that of the elderly. It is necessary to dis-
close and go deeper into the risk factors that resulted 
in this study, as well as taking into account that this 
population has medical and health conditions apart from 
the pandemic, such as social abandonment, chronic 
illnesses, psychiatric and cognitive conditions that could 
further limit their survival. We must involve family mem-
bers, caregivers and medical personnel around the el-
derly and instil prevention of these risk factors in order 
to contribute to a decrease in COVID-19 mortality.
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Surgical clinical characteristics of acute arterial thrombosis of 
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abstract

Objective: To determine the clinical-surgical features of critical limb ischaemia (CLI) within the context of infection by 
SARS-CoV-2. Methods: Cross-sectional, retrospective, observational, descriptive study, with clinical data obtained from printed 
and electronic records of patients with CLI treated by the Angiology and Vascular Surgery Service of the General Hospital 
of Mexico in the period between January 2020 and July 2021. results: We evaluated the data of 33 patients with critical 
limb ischaemia of which 15 were positive for SARS-CoV-2 in the period from January 2020 to July 2021, females were the 
most affected representing the 53.3% of the total, patients under 60 years old accounted for 26.67%. Twenty-six percent of 
the patients presented critical limb ischaemia without having previous comorbidities, 60% of these presented with an ad-
vanced state of the disease and a delay in specialised medical care of more than 6 hours after the onset of symptoms, which 
warranted a major amputation in 37% of cases, the lower extremities represented 90% of the affected anatomical regions. 
Conclusions: the outcomes in our study show that the incidence of critical limb ischaemia during the SARS-CoV2 pandem-
ic period occurred in an atypical way in a segment of young patients and without known event-generating comorbidities. 
Thromboembolic events, probably associated with the hypercoagulable state generated by this infection, also evolved rap-
idly and aggressively from the onset of symptoms despite prompt treatment.
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Introduction

The disease caused by the SARS-CoV-2 (Covid-19) 
coronavirus infection, declared a pandemic by the 
WHO on 11 March 2020, has become the most impor-
tant health problem of this century and has posed cha-
llenges to the medical and scientific community of all 
nations since its onset in terms of identifying its multiple 
manifestations, which were initially poorly unders-
tood1,2. Although SARS-CoV-2 infection is most often 
characterised by clinical symptoms such as fever, cou-
gh, myalgia and fatigue, severely ill patients may 

develop acute respiratory distress syndrome and va-
rious extrapulmonary manifestations, such as acute 
cardiac lesions, neurological manifestations or compli-
cations due to secondary infections. Because ACE2, 
the entry receptor for the causative SARS-CoV-2 coro-
navirus, is expressed in multiple extrapulmonary tis-
sues, direct viral tissue damage is a plausible mecha-
nism of injury3,4. Critically ill patients have impaired 
coagulation function, which leads to consumption coa-
gulopathy and arterial and venous thromboembolic 
complications5,6,7. ACE2 expression has been demons-
trated in the arterial and venous endothelium of several 
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organs, and histopathological studies have found mi-
croscopic evidence of SARS-CoV-2 viral particles in 
endothelial cells of the kidneys and lungs. Infection-me-
diated endothelial injury and endotheliitis, found in mul-
tiple vascular beds (including lungs, kidney, heart, sma-
ll intestine and liver) in patients with COVID-19, can 
trigger excessive thrombin production, inhibit fibrinoly-
sis and activate complement pathways, initiating throm-
boinflammation and ultimately leading to microthrombi 
deposition and microvascular dysfunction3.

Material and Methods

Cross-sectional, retrospective, observational, des-
criptive study with clinical data obtained from printed 
and electronic records of patients with critical limb is-
chaemia (CLI) who arrived at the emergency depart-
ment or already admitted who required emergency 
treatment as a measure to salvage the affected limb. 
The Department of Angiology and Vascular Surgery of 
the General Hospital of Mexico assessed these pa-
tients in the period from January 2020 to July 2021. 
The primary outcomes were based on treatment used 
for limb salvage, most frequent anatomical site of is-
chaemia involvement, comorbidities, clinical stage of 
disease at the time of assessment and delay of spe-
cialised medical care. Inclusion criteria were patients 
with critical limb ischaemia, who also had positive PCR 
tests or laboratory swabs for SARS-CoV-2 infection 
seen initially at the General Hospital of Mexico. 
Exclusion criteria were patients who did not meet the 

operational definition for Covid-19, patients with trau-
ma-associated ischaemia and patients who were not 
assessed by the vascular surgery department.

Outcome

A total of 33 patients were evaluated, 17 (51.52%) of 
whom were male and 16  (48.48%) female with critical 
limb ischaemia, 15 of whom tested positive for 
SARS-CoV-2 in the period from January 2020 to July 
2021; females were the most affected with eight cases, 
representing 53.3% of the total. Patients under 60 years 
of age accounted for 26.67% of the cases (6.67% from 
18 to 39 years and 20% from 40 to 59 years) and 73.33% 
from 60 to 79 years. In terms of comorbidities, 32% had 
hypertension, 16% had diabetes mellitus, 16% had atrial 
fibrillation, 10% were smokers and 26% of the patients 
had critical limb ischaemia with no previous comorbidi-
ties. Of these patients without previous comorbidity, 60% 
presented with advanced disease and with a delay in 
specialised medical care of more than 6 hours after the 
onset of symptoms (Fig. 1), warranting major amputation 
in 37 % of cases. The therapy used in 50% of the total 
was anticoagulation and in 13% Fogarty balloon throm-
bectomy. The lower extremities accounted for 90 % of 
the anatomical regions affected (Fig. 2).

Discussion

During the SARS-CoV-2 pandemic period, an increa-
se in cases of arterial ischaemia has been seen 

Figure 1. Rutherford Classification in positive COVID‑19 cases.
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Figure 2. Anatomical region of ischaemia.

especially in critically ill and elderly patients, but also 
in young patients without associated comorbidities. 
This was observed in follow-up studies by Perini P. 
et  al.8, where they reported two cases of critical limb 
ischaemia in young patients with Covid-19 and no co-
morbidities with a characteristic aggressive presenta-
tion. As in the systematic review of the European So-
ciety for Vascular Surgery, it was identified that critical 
limb ischaemia during the pandemic affects younger 
people with fewer comorbidities with worse outcomes 
compared to patients without COVID-19 as well as he-
parin resistance has been observed more frequently9.

In our study, we were able to assess the rapid evolution 
of these patients towards irreversible ischaemia, which led 
to amputation as a therapeutic measure in 37% of cases. 
In a study by Bellosta R. et al.9, the success of revascu-
larisation was low in patients with Covid-19 compared to 
patients in previous reported series. This is thought to be 
due to the impossibility of obtaining effective distal revas-
cularisation and recurrent episodes of thrombosis of the 
treated segments, which led to a change in their treatment 
protocol to include a more aggressive regimen with throm-
bolysis and continuous heparin infusion10.

Furthermore, because of the saturation of hospitals 
due to the health contingency, 60% of the patients were 
in advanced stages of ischaemia at the time of assess-
ment by the specialist. Similarly, we could see that pa-
tients in intensive care developed aggressive arterial 
ischaemia despite the prophylactic antithrombotic treat-
ment given during their stay in intensive care, probably 
due to the immobilisation to which they were forced, the 

state of hypercoagulability and endothelial damage in-
duced by SARS-CoV-2 infection.

Thrombotic events occur in 11.5% of non-ICU patients 
and in 29.4% of ICU patients affected by COVID-19. 
Arterial thrombosis, including lower limb ischaemia, 
has been reported in patients diagnosed with COVID-19 
and in 18.6% of critically ill patients11.

Coagulopathy in Covid-19 positive patients appears 
to be the result of the inflammatory response to 
infection, which is more evident and aggressive in cri-
tically ill patients. Therefore, patients who develop ar-
terial thrombosis are at high risk of mortality, but if 
treated appropriately there is an improvement in overall 
survival especially in younger patients12.

Conclusions

The outcomes obtained in our study demonstrate that 
the incidence of critical limb ischaemia during the 
SARS-CoV2 pandemic period was atypical in a seg-
ment of young patients with no known comorbidities that 
generated thromboembolic events. This was probably 
associated with the hypercoagulable state generated by 
this infection, which also evolved rapidly and aggressively 
from the onset of symptoms despite timely treatment.
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abstract

Objective: Intensive care units (ICUs) collapsed under the global wave of coronavirus disease 2019 (COVID-19). Thus, we 
designed a clinical decision-making model that can help predict at hospital admission what patients with COVID-19 are at 
higher risk of requiring critical care. Methods: This was a cross-sectional study in 119 patients that met hospitalization cri-
teria for COVID-19 including less than 30 breaths per minute, peripheral oxygen saturation < 93%, and/or ≥ 50% lung in-
volvement on imaging. Depending on the need for critical care, patients were retrospectively assigned to ICU and non-ICU 
groups. Demographic, clinical, and laboratory parameters were collected at admission and analyzed by classification and 
regression tree (CRT). results: Forty-five patients were admitted to ICU and 80% of them were men older than 57.13 ± 
12.80 years on average. The leading comorbidity in ICU patients was hypertension. The CRT revealed that direct bilirubin 
(DB) > 0.315 mg/dl together with the neutrophil-to-monocyte ratio (NMR) > 15.90 predicted up to correctly in 92% of the 
patients the requirement of intensive care management, with sensitivity of 93.2%. Preexisting comorbidities did not influence 
on the tree growing. Conclusions: At hospital admission, DB and NMR can help identify nine in 10 patients with COVID-19 
at higher risk of ICU admission.
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Introduction

Coronavirus disease 2019 (COVID-19) is an infec-
tious illness caused by the novel severe acute respira-
tory syndrome coronavirus-2 (SARS-CoV-2) that was 
first identified in Wuhan, China, and has rapidly spread 
to the rest of the world1. The vast majority of patients 
with COVID-19 experience a mild disease that self-lim-
its in < 2  weeks, however, up to 15% of patients can 
develop severe forms of the disease including respira-
tory failure, multiple organ failure, and death2. Several 

studies have consistently reported that near 30% of 
patients with severe SARS-CoV-2 infection requires 
critical care, which alarmingly overwhelmed intensive 
care units (ICUs) during the first global wave of 
COVID-19 and is expected to happen now during the 
second wave of this infectious disease3.

Quick admission to ICU clearly decreases mortality 
rates of patients seriously ill with COVID-194. For this 
reason, there is a deep need for simple decision-mak-
ing models that allow clinicians predicting from the very 
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first moment of hospital admission what patients with 
severe SARS-CoV-2 infection might be ICU candidates. 
Recently, we demonstrated that risk factors such as the 
neutrophil-to-monocyte ratio (NMR) at admission can 
accurately predict in-hospital mortality in patients seri-
ously ill with COVID-19 without having yet explored their 
utility in prioritizing ICU admission5.

Classification and regression trees (CRTs) are pre-
dictive algorithms that provide decision-making models 
based on analyzing the influence of several indepen-
dent numerical variables on a target variable6. More-
over, CRT can also model the potential influence of 
categorical variables on the main clinical outcome, 
which has recently popularized the use of these deci-
sion algorithms in clinical research7,8. In addition, CRT 
algorithms are able to predict a clinical outcome as-
suming that the relationship between dependent and 
independent variables occurs in a non-linear form, as 
previously reported for the development of complex 
human diseases9. Thus, we hypothesize that CRT 
might be a powerful tool in developing a clinical deci-
sion-making model that can help clinicians predict ICU 
admission in patients with severe SARS-CoV-2 infec-
tion. The purpose of this study was to analyze the most 
important demographic, clinical, and laboratory risk 
factors for designing a clinical decision-making model 
that can predict at hospital admission the need for crit-
ical care in patients with severe COVID-19.

Materials and Methods

Patients and study design

It was a cross-sectional, prospective, and analytical 
study in 119 individuals of both sexes, aged 18  years 
and older that met at least one of the following criteria 
of severe COVID-19: oxygen saturation levels (SpO2) ≤ 
93% on room air, respiratory distress ≥ 30 breaths per 
minute, and/or ≥ 50% lung involvement on imaging. 
Diagnosis of COVID-19 was confirmed by quantitative 
polymerase chain reaction following the World Health 
Organization technical guidance10. All eligible patients 
were originally admitted to the Emergency Department 
from October 5, 2020, to February 26, 2021, and de-
pending on the clinical evolution were transferred to the 
ICU for ventilatory support. Patients were retrospective-
ly grouped into two different clusters depending on the 
need for invasive mechanical ventilation in ICU accord-
ing to the Clinical Care Guidelines for Influenza and 
SARS-CoV-2 of the Centers for Disease Control and 
Prevention11. Patients that met criteria of severe 

COVID-19 were enrolled in the study if they agreed to 
provide written informed consent previously approved 
by the Institutional Ethical Committee with registration 
number of the ethical code approval: DI/20/501/03/17. 
The study was conducted in rigorous adherence to the 
principles described in the 1964 Declaration of Helsinki 
and its posterior amendment in 2013. This study is re-
ported in compliant with the Strengthening the Report-
ing of Observational Studies in Epidemiology (STROBE) 
guidelines. Patients were excluded from the study if they 
had previous diagnosis of chronic liver disease, endo-
crine disorders, and infectious diseases. Patients un-
able to provide written informed consent and pregnant 
or lactating women were also excluded from the study.

Demographic, clinical, and laboratory data

Demographic information, clinical data, and laborato-
ry measurements were recorded at hospital admission. 
Demographic data included gender and age. Clinical 
data included previous diagnosis of obesity with body 
mass index ≥ 30  kg/m2, Type  2 diabetes (T2D), high 
blood pressure ≥ 130/80 mmHg, chronic kidney disease 
(CKD), coronary heart disease (CHD), autoimmune dis-
ease, cancer, smoking, alcoholism, peripheral oxygen 
saturation, breath rate, heart rate, body temperature, 
odynophagia, chest pain, diarrhea, inpatient days, date 
of discharge or death, and drug therapy for COVID-19. 
Laboratory data were collected using the digital version 
of the electronic health record of the hospital and in-
cluded blood glucose, lipid profile, liver function tests, 
kidney function tests, coagulation markers, hematic bi-
ometry, C-reactive protein, troponin I, ferritin, procalci-
tonin, myoglobin, and D-dimer. NMR resulted of dividing 
the total neutrophil count by the total monocyte count.

Statistics and CRT

Assessment of normality was performed using the 
Shapiro–Wilk test. Categorical variables were analyzed 
by the Chi-square test and are expressed as absolute 
values and percentages. Numerical variables were an-
alyzed by the unpaired Student’s t-test and are ex-
pressed as mean ± standard deviation. These statisti-
cal analyses were performed using the GraphPad 
Prism 6.01 software (GraphPad Software, La Jolla, CA 
92037, USA) and differences were considered signifi-
cant when p < 0.05. Numerical variables were used to 
build a CRT considering ICU admission as dependent 
variable. Then, the CRT was explored by categorical 
variables such as gender, obesity, T2D, hypertension, 
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CKD, and CHD that may influence the decision algo-
rithm. The CRT was performed with the minimum num-
ber of cases in the parent node of 20% of the sample 
size, stopping rule for terminal nodes of 10%, 10-fold 
cross-validation, and tree pruning with a maximum ac-
ceptable difference in risk between the pruned tree and 
the sub-tree of 1 standard error. The CRT contained a 
root node, four terminal nodes, and three levels. Cutoff 
point, sensitivity, specificity, odds ratio (OR), and 95% 

confidence interval were calculated for each predicting 
variable of the CRT using the IBM SPSS Statistics Ver-
sion 26.0 (IBM, Armonk, NY, USA).

results

The selection process of patients enrolled in the study 
is shown in figure 1. After being admitted to the Depart-
ment of Pneumology, 37.8% (n = 45) of patients with 

Figure 1. Schematic flowchart showing the selection process of patients enrolled in the study based on the inclusion 
and exclusion criteria. SpO2: oxygen saturation level; SARS‑CoV‑2: novel severe acute respiratory syndrome 
coronavirus‑2; qPCR: quantitative polymerase chain reaction; HIV: human immunodeficiency virus; HCV: hepatitis C 
virus; HBV: hepatitis B virus; COVID‑19: coronavirus disease 2019.
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Table 1. Demographic, clinical, and laboratory parameters in patients with severe COVID‑19

Parameters Total (n = 119) Non‑ICU (n = 74) ICU (n = 45) p‑value

Gender (W/M) 33/86 24/50 9/36 0.142

Age (years) 54.46 ± 11.98 52.84 ± 11.24 57.13 ± 12.80 0.058

Obesity prevalence (%) 60 (50.4) 37 (50) 23 (51.1) 0.920

Comorbidities prevalence (%) 81 (68.1) 53 (71.6) 28 (62.2) 0.286

T2D prevalence (%) 62 (52.1) 40 (54.1) 22 (48.9) 0.584

Hypertension prevalence (%) 36 (30.3) 29 (39.2) 7 (15.6) 0.006*

Chronic kidney disease (%) 5 (4.2) 5 (6.8) 0 (0) 0.075

Coronary heart disease (%) 2 (1.7) 0 (0) 2 (4.4) 0.067

Autoimmune diseases (%) 3 (2.5) 1 (1.4) 2 (4.4) 0.297

Cancer (%) 1 (0.8) 1 (1.4) 0 (0) 0.434

Smoking (%) 27 (22.7) 17 (23.0) 10 (22.2) 0.807

Alcoholism (%) 16 (13.4) 10 (13.5) 6 (13.3) 0.978

Peripheral oxygen saturation (%) 82.61 ± 6.54 84.08 ± 5.62 80.18 ± 7.26 0.001*

Temperature (°C) 36.99 ± 0.562 37.01 ± 0.577 36.94 ± 0.539 0.513

Heart rate (breaths/min) 90.18 ± 12.24 88.30 ± 12.13 93.29 ± 11.91 0.030*

Breath rate (beats/min) 24.50 ± 3.72 23.95 ± 3.97 25.42 ± 3.11 0.035*

Dyspnea 106 (89.1) 64 (86.5) 42 (93.3) 0.246

Cough 102 (85.7) 62 (83.8) 40 (88.9) 0.440

Fever (≥37.3°C) 100 (84.0) 59 (79.7) 41 (91.1) 0.100

Myalgia 81 (68.1) 56 (75.7) 25 (55.6) 0.022*

Headache 48 (40.3) 31 (41.9) 17 (37.8) 0.657

Odynophagia 50 (42.0) 30 (40.5) 20 (44.4) 0.676

Chest pain 23 (19.5) 13 (17.6) 10 (22.7) 0.494

Diarrhea 34 (28.6) 23 (31.1) 11 (24.4) 0.437

Neutrophils (×103/uL) 7.37 ± 3.25 6.87 ± 3.02 8.19 ± 3.47 0.030*

Lymphocytes (×103/uL) 0.913 ± 0.425 0.992 ± 0.439 0.784 ± 0.371 0.009*

Monocytes (×103/uL) 0.439 ± 0.231 0.467 ± 0.238 3922 ± 0.213 0.086

Neutrophil percentage (%) 81.86 ± 9.29 80.00 ± 9.73 84.93 ± 7.71 0.005*

Lymphocyte percentage (%) 12.27 ± 7.62 13.66 ± 8.25 9.99 ± 5.86 0.010*

Monocyte percentage (%) 5.56 ± 3.39 6.16 ± 3.65 4.57 ± 2.68 0.012*

Total bilirubin (mg/dL) 0.744 ± 0.461 0.641 ± 0.283 0.913 ± 0.625 0.002*

Direct bilirubin (mg/dL) 0.278 ± 0.285 0.212 ± 0.169 0.388 ± 0.388 0.001*

Indirect bilirubin (mg/dL) 0.465 ± 0.214 0.429 ± 0.164 0.525 ± 0.269 0.017*

AST (IU/L) 47.48 ± 30.59 42.87 ± 25.33 54.96 ± 36.69 0.037*

LDH (IU/L) 450.61 ± 185.87 417.43 ± 144.39 505.16 ± 230.59 0.012*

Prothrombin time (s) 11.82 ± 1.29 11.63 ± 1.04 12.12 ± 1.59 0.045*

(Continues)
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severe COVID-19 needed being transferred to ICU  (Ta-
ble 1). Among patients admitted to ICU, 80% (n = 36) 
were men (Table 1). Patients that required critical care 
were, on average, 5 years older and showed lower hy-
pertension prevalence than patients treated in non-ICU 
facilities (Table 1). There were no significant differences 
between non-ICU and ICU patients with respect to 
dyspnea, cough, headache, chest pain, diarrhea, pe-
ripheral oxygen saturation, and body temperature 
(Table 1). In contrast, heart rate significantly increased 
in ICU patients as compared to non-ICU patients 
(Table 1). Function liver tests including conjugated and 
unconjugated bilirubin and AST were significantly high-
er in ICU patients than non-ICU patients. Similarly, 
there were significant differences between non-ICU 
and ICU patients with respect to LDH, prothrombin 
time, and cell counts of lymphocytes, monocytes, and 
neutrophils (Table  1). Notably, NMR was 1.5-fold in-
crease in ICU patients as compared to non-ICU pa-
tients (Table  1). Hospitalization days were longer in 
patients admitted to ICU, who also showed higher 
in-hospital mortality than patients treated in non-ICU 
facilities. There were no significant differences between 
non-ICU and ICU patients with respect to the six-drug 
regimen used to treat them that included azithromycin, 
ceftriaxone, oseltamivir, enoxaparin sodium, dexameth-
asone, and acetaminophen (Table 1).

The CRT decision algorithm for prioritizing ICU ad-
mission of patients with severe COVID-19 is shown in 
figure  2. The root node contains the total of 119  pa-
tients, where 37.8% (n = 45) required being admitted to 
the ICU. From the analysis of 59 parameters used to 
build the CRT, the value of direct bilirubin (DB) at hos-
pital admission was the most important risk factor to 
allocate patients with severe COVID-19 to the ICU. In 

fact, the node 1 shows that DB with cutoff point > 
0.315 mg/dl can initially help to triage up to 46% (n = 21) 
of patients with COVID-19 to the ICU with sensitivity of 
46.7%, specificity of 89.2%, and OR of 7.219 (95% CI, 
2.823-18.458) (Fig.  2). The node 2 indicates that pa-
tients who apparently did not meet ICU admission cri-
teria by having DB ≤ 0.315  mg/dl can be additionally 
explored using the value of NMR with cutoff point > 
15.90 at hospital admission (Fig. 2). The node 3 shows 
that NMR > 15.90 can be used as a complementary risk 
factor to triage another 46% (n = 21) of patients from 
the total population at risk of requiring ventilatory sup-
port (Fig. 2). In this way, the node 4 shows that values 
of DB and NMR at hospital admission allow predicting 
up to 92% (n = 116) of patients with severe COVID-19 
that might require critical care, with sensitivity of 93.2%, 
specificity of 26.7%, and OR of 5.018  (95% CI, 1.633-
15.422) (Fig. 2). Neither gender nor comorbidities such 
as obesity, T2D, hypertension, CKD, and CHD had an 
influence on the tree growing (data not shown).

Discussion

The first global wave of COVID-19 reached a peak in 
the months of March, April, May, and June of this year 
with thousands of patients admitted to critical care units 
across Europe, America, and the rest of the world12-15. 
Nowadays, the entire world is experiencing a second 
wave of COVID-19 that once again is alarmingly over-
whelming ICUs16-18. For this reason, there is a strong 
sense of urgency to develop simple clinical models that 
allow predicting what patients with severe COVID-19 
are at higher risk of requiring critical care with the 
aim of increasing patient’s survival and optimizing ICU 
resources.

Table 1. Demographic, clinical, and laboratory parameters in patients with severe COVID‑19 (Continued)

Parameters Total (n = 119) Non‑ICU (n = 74) ICU (n = 45) p‑value

Base excess – 3.18 ± 4.13 – 3.86 ± 3.63 – 2.07 ± 4.68 0.021*

NMR 23.77 ± 23.06 19.44 ± 14.13 30.88 ± 31.81 0.008*

Inpatient days 14.79 ± 9.23 12.66 ± 5.99 18.29 ± 12.22 0.001*

Mortality 43 (36.1) 12 (16.2) 31 (68.9) 0.000*

Drug regimen Azithromycin, ceftriaxone, oseltamivir, enoxaparin sodium, dexamethasone, and 
acetaminophen

Parameters were recorded at hospital admission. Laboratory parameters with significant differences are shown. Normality of data distribution was estimated by the 
Shapiro–Wilk test. The unpaired Student’s t‑test was used to compare numerical variables and data are presented as mean ± standard deviation. The Chi‑squared test 
was used to compare categorical variables and data are expressed as absolute values and percentages.
*Differences were considered significant when p < 0.05.
W: women; M: men; T2D: type 2 diabetes; AST: aspartate aminotransferase; LDH: lactate dehydrogenase; NMR: neutrophil‑to‑monocyte ratio.
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Figure 2. CRT decision algorithm for predicting ICU admission in patients with severe COVID‑19. The root node 
contains the total of 119 patients, where 37.8% (n = 45) required being admitted to the ICU. The node 1 shows that DB 
with cutoff point > 0.315 mg/dl can initially help to triage up to 46% (n = 21) of patients with COVID‑19 to the ICU. The 
node 2 indicates that patients who apparently did not meet ICU admission criteria by having DB ≤ 0.315 mg/dl can be 
additionally explored using the value of NMR with cutoff point > 15.90 at hospital admission. The node 3 shows that 
NMR > 15.90 can be used as a complementary risk factor to triage another 46% (n = 21) of patients from the total 
population at risk of requiring ICU admission. The node 4 shows that values of DB and NMR at hospital admission 
allow predicting up to 92% (n = 116) of patients with severe COVID‑19 that might require critical care with high 
sensitivity. Neither gender nor comorbidities such as obesity, T2D, hypertension, CKD, and CHD had an influence on 
the tree growing. The CRT was performed with the minimum number of cases in the parent node of 20% of the sample 
size, stopping rule for terminal nodes of 10%, 10‑fold cross‑validation, and tree pruning with a maximum acceptable 
difference in risk between the pruned tree and the sub‑tree of 1 standard error, using the IBM SPSS Statistics Version 
26.0 (IBM, Armonk, NY, USA). NMR resulted of dividing the neutrophil count by the monocyte count. 
ICU: intensive care unit; DB: direct bilirubin; NMR: neutrophil‑to‑monocyte ratio.

Here, we propose a clinical decision-making model 
based on the values of DB and NMR at admission that 
allows predicting up to 92% of the total patient popula-
tion with severe COVID-19 that might need ICU admis-
sion (Fig. 3). Bilirubin is a waste product of hemoglobin 
catabolism whose water-soluble fraction is secreted 
into the bile in the form of conjugated bilirubin or DB. 
Serum levels of DB have been shown to elevate in pa-
tients with HBV or HCV and associate with increased 
liver inflammation and fibrosis19,20. In addition, DB se-
rum values can increase as a result of systemic infec-
tion in patients with sepsis-induced cholestasis21. This 
previous information demonstrates that DB is a 

biochemical marker that elevates by hepatotropic viral 
infections and sepsis, both conditions highly frequent 
in critical patients with the most severe forms of 
COVID-1922,23. In this study, DB serum levels signifi-
cantly increased in critical patients with SARS-CoV-2 
infection. In parallel, the clinical decision algorithm re-
vealed that DB was the most important risk factor for 
considering admission of patients with severe COVID-19 
to ICU. Cholangiocytes have been shown to highly ex-
press the angiotensin-converting enzyme 2 receptor 
that acts as the SARS-CoV-2 entry point through Spike 
protein S1 that, in turn, leads to DB accumulation and 
liver dysfunction in these patients24,25. Considering all 
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the above information, it is feasible to assume that BD 
plays a pivotal role in worsening the severity of 
COVID-19 and can be used as marker of critical con-
dition in this viral infection. However, we cannot dismiss 
that some patients with critical SARS-CoV-2 infection 
might also have an undiagnosed liver condition that, in 
turn, may increase DB levels and aggravate COVID-19. 
For this reason, we propose that patients seriously ill 
with COVID-19 should be fully explored in terms of any 
hepatic disorder that may increase DB levels and de-
crease patient’s survival probability.

As we previously reported, NMR accurately predicts 
in-hospital mortality in patients with severe SARS-CoV-2 
infection5. Now, our clinical decision-making model indi-
cates that NMR with a different cutoff value can be used 
to complement identification of patients seriously ill with 
COVID-19 at risk of requiring critical care. Neutrophils 
play a pivotal role in defending epithelial cells of the lung 
against the SARS-CoV-2 invasion by secreting pro-in-
flammatory cytokines and orchestrating immune cell re-
cruiting through chemokine production26. However, neu-
trophils also appear to be a double-edged sword in 

COVID-19-related pneumonia by mediating a pro-inflam-
matory cytokine storm that intensifies both neutrophilia 
and lesions in the lungs of patients infected with SARS-
CoV-227. On the other side, monocytes are white blood 
cells that can be sorted in three different subpopulations 
according to the cell surface expression of the cluster of 
differentiation (CD) 14 and CD16. In this way, circulating 
monocytes expressing high CD14 levels without showing 
CD16 expression are identified as classical monocytes 
and comprise the largest monocyte subset in humans 
(~75-80%)28. In parallel, monocytes that express CD14 
and CD16 are called intermediate monocytes, while 
monocytes that show CD16 expression with low CD14 
production are referred to as non-classical monocytes28. 
Classical monocytes are not only the largest monocyte 
subpopulation in blood but also the main monocytic 
source of interleukin (IL-) 10, a cytokine with potent an-
ti-inflammatory actions29,30. Besides playing anti-inflam-
matory functions by producing IL-10, classical mono-
cytes also exert important roles in wound healing and 
tissue repair31. Altogether, these are the main reasons 
behind the idea that monocytopenia is associated with 
the most severe forms of COVID-1932. Thus, increased 
neutrophilia and monocytopenia reflect the marked im-
balance between pro-inflammatory and anti-inflammato-
ry immune responses in patients critically ill with 
COVID-1933. Concurring with this idea, our clinical deci-
sion algorithm indicates that in patients with severe 
COVID-19, the ratio between neutrophils and monocytes 
is a better predictor of ICU needing than the cell count 
of neutrophils or monocytes separately.

Clinical decision-making models are a useful tool to 
predict important clinical outcomes based on studying 
the relationship between dependent and independent 
variables that behave in a non-linear form as occurs in 
disease onset and progression34. Here, we offer a clin-
ical decision-making model based on CRT analysis that 
allows predicting what patients with severe SARS-CoV-2 
infection will require ICU admission, as early as they 
arrive to the hospital. In this sense, Izquierdo et al. re-
cently reported in a large cohort study that age 
> 40  years, fever > 39°C, tachypnea, and respiratory 
crackles are accurate predictors of ICU admission in 
patients with COVID-1935. However, it has been report-
ed that only 43.8% of patients with COVID-19 present 
fever at hospital admission, whereas 88.7% can devel-
op increased body temperature after several days of 
hospitalization36. Similarly, tachypnea and dyspnea can 
appear in a few percent of patients with COVID-19, 
which may also lead to underestimate the real number 
of patients at risk of requiring ICU admission in the 

Figure 3. Clinical decision‑making model based on the 
values of DB and NMR at admission for predicting ICU 
admission in patients with severe COVID‑19. At hospital 
admission, the levels of direct bilirubin and NMR should 
be measured in patients with severe COVID‑19 
confirmed by qPCR that also shows pulse oximetry at 
room air < 93%, respiratory rate > 30 breaths per minute, 
and/or ≥ 50% lung involvement on imaging. If direct 
bilirubin > 0.315 mg/dL or NMR ≥ 15.90, the patient 
should be considered for being admitted to the intensive 
care unit. NMR resulted of dividing the neutrophil count 
by the monocyte count. 
NMR: neutrophil‑to‑monocyte ratio.
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upcoming days37. To this respect, our study shows that 
DB and NMR can predict ICU needing at hospital ad-
mission without necessarily waiting a long time to see 
disease worsening, a notion that might help optimizing 
ICU resources with the aim of reducing mortality risk. 
Another work conducted in a large cohort study report-
ed that the National Early Warning Score can predict 
ICU admission with sensitivity of 71.4%38. In this re-
gard, our clinical decision-making model is able to pre-
dict ICU admission of patients with severe COVID-19 
with sensitivity of 93.2%, thus increasing the chance of 
accurately identifying patients at risk of requiring critical 
care. Although our model presents low specificity, other 
relevant tools have been historically used with low 
specificity and high sensitivity, as the Glasgow-Blatch-
ford scale for survival and need for intervention 
predictions in upper gastrointestinal bleeding, permit-
ting hospital resources administration39. In the same 
way, in COVID-19 context, chest computed tomography 
has presented low specificity but a very high sensitivity 
for diagnosis, allowing to accurately identify infected 
patients with typical symptoms who had a negative RT-
PCR result40. Moreover, a recent study proposes the 
use of the ABC-GOALS score that consists of different 
variables such as arterial pressure, obesity, glucose, 
and X-ray image, among others, to predict ICU admis-
sion in patients with severe COVID-1941. Besides this 
study reports sensitivity values below 90%, we consid-
er that clinical models of critical care triage should be 
as simple and fast as possible with the aim of timely 
improving ICU admission of patients with severe SARS-
CoV-2 infection. In this sense, DB and NMR can be 
quickly measured at hospital admission with the inten-
tion of timely predicting what patients are at risk of 
requiring critical care soon. In addition, we encourage 
the testing of other molecules or methods at admission 
to predict ICU needing to augment specificity and pre-
serve high sensitivity.

The sample size was a limitation of this study. De-
spite having enrolled more than 100 patients with se-
vere SARS-CoV-2 infection (n = 119), the number of 
patients requiring ICU admission was, in some sense, 
small (n = 45). A larger sample size may help strength-
en our observations with the aim of increasing their 
accuracy in a clinical scenario.

Conclusions

This study proposes for the 1st  time a clinical deci-
sion-making model where DB with cutoff point 
>  0.315  mg/dl and NMR with cutoff point > 15.90 at 

admission can quickly predict the need for critical care 
in patients seriously ill with COVID-19 (Fig.  3). This 
clinical decision-making model based on CRT analysis 
allows predicting in an easy manner what patients with 
severe COVID-19 are at risk of requiring critical care 
with sensitivity of 93.2%. The search for clinical models 
to timely predict ICU admission is of great importance 
during the second global wave of COVID-19 and might 
allow optimizing ICU resources and decreasing in-hos-
pital mortality rates.
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abstract

Thyroid-associated ophthalmopathy is a complex pathology most of the time accompanying Graves’ disease, also present 
in other thyroid states, such as Hashimoto’s hypothyroidism and euthyroid states. The term Grave’s disease associated oph-
thalmopathy can be misleading as it does not include all thyroid states associated to this eye condition. Its pathophysiology 
includes complex autoimmune mechanisms associated with fibroblasts, T-lymphocytes, myocytes, thyroid cells, adipocytes, 
and pro-inflammatory molecules, leading to several changes in the orbital content, including limitation of space, functional 
impairment, and complications secondary to the initial process. Reviewing its diagnostic methods and treatments is necessary 
due to new insights into the pathophysiology. The complexity of its pathogenesis is accompanied by a practical assessment 
and classification that allows clinicians to obtain significant amount of success when treating it.
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Introduction

Thyroid disease is one of the most frequent condi-
tions in endocrinology disturbances. Several alterations 
of the physiology of the thyroid can occur: infectious 
processes, autoimmune mechanisms, cancer, pituitary/
hypothalamic alterations, and dietary deficiencies. In 
many cases, the thyroid affection leads to a myriad of 
multisystemic manifestations that will lead to the diag-
nosis, while in others, there is a subclinical alteration. 
One of these common manifestations is the thyroid-as-
sociated ophthalmopathy, described by some, only as 
Graves’ disease associated ophthalmopathy or thyroid 
disease associated ophthalmopathy. The term Grave’s 
disease associated ophthalmopathy can be misleading 

as it does not include other thyroid states such as hy-
pothyroidism and subclinical thyroid conditions.

Not all pathogenesis mechanisms in thyroid disease 
associated ophthalmopathy have been understood. 
A series of inflammatory phenomenon, many times re-
lated to autoimmune mechanisms, lead to several 
changes in the orbital content, resulting in alterations 
that can be explained by limitation of space, functional 
impairment, and complications secondary to the initial 
process. These ophthalmic manifestations can result in 
a severe, life-changing impairment for the patient that 
not necessarily will correct or regress with initial treat-
ment and thus require careful review by specialized and 
general practitioners.
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Etiology

Autoimmune mechanisms are the most frequent pro-
cesses in thyroid diseases. Other etiologies, such as 
nutritional deficiencies, radiation exposure, and genetic 
factors, can also be present. In the specific scenario of 
thyroid-associated ophthalmopathy, it is mainly present 
in cases of Graves’ disease, but can also be present in 
thyroid cancer, hypothyroid states such as Hashimoto’s 
thyroiditis and subclinical hypothyroidism1,2.

Graves’ disease is an autoimmune disorder in which 
there is a failure in tolerance to autoantigens, especially 
to the thyroid-stimulating hormone (TSH) receptors in 
the thyroid gland. This leads to the formation of multiple 
auto-antibodies3. In Hashimoto’s thyroiditis, there is 
also a failure of tolerance to autoantigens, with the for-
mation of auto-antibodies against thyroglobulin and thy-
roid peroxidase. Both Hashimoto’s thyroiditis and 
Graves’ disease share common autoimmune back-
grounds and their manifestations are strongly associ-
ated to genetic factors. Moreover, the development of 
thyroid-associated ophthalmopathy is also associated 
to autoimmune mechanisms3. These mechanisms are 
not absolutely understood and constitute an important 
field of study in ophthalmology and endocrinology, it is 
considered that the shared autoimmune mechanism is 
the main factor by which thyroid-associated ophthal-
mopathy develops.

Pathophysiology

The TSH receptor is mainly expressed in epithelial cells 
of follicles in the thyroid gland. An important issue is the 
presence of TSH receptor in both thyroid tissue and orbit 
tissue. It is known the TSH receptor and auto-antibodies 
against it, plays a role both in thyroid Graves’ disease and 
Hashimoto’s hypothyroidism. The expression of the TSH 
receptor in the orbit is present in connective tissue: fibro-
blasts and adipocytes, but can also be expressed in other 
cells and organs, such as lymphocytes, thymus, pituitary, 
testis, kidney, heart, and bone4.

An increase of connective tissue in the orbit when 
thyroid-associated ophthalmopathy is present manifests 
clinically in proptosis and other symptoms5. It is consid-
ered that the main target of the autoimmune attack in 
the orbit is against the TSH receptor expressed by the 
fibroblasts6. When evaluating the increase of the orbital 
tissue with computed tomography scan, the majority of 
patients have an enlargement in both the orbital fat and 
the extraocular muscles, however in a lower subset, 
there is an increase in just one or the other6.

There is increasing evidence that other antigenic tar-
gets are involved in the pathophysiology, mainly calse-
questrin 1 (CASQ1), an orbital muscle calcium-binding 
protein; and collagen XIII, expressed by orbital fibro-
blasts7. It is considered that the TSH receptor might be 
the initial target and the autoimmune reaction against 
CASQ1 and collagen XIII a continuation of it. The 
sub-portion G2s of the transcription factor FOX-P1 and 
flavoproteins, both present in orbital muscle, are also 
considered targets to autoantibodies in the subsequent 
process of inflammation7,8.

Failure of tolerance toward autoantigens in the orbital 
tissue leads to the activation of t-lymphocytes by anti-
gen presenting cells. T-lymphocytes, production of 
pro-inflammatory substances (interleukin [IL]1-β, IL-6, 
IL-8, and PGE2), migration of B-lymphocytes, and pro-
duction of autoantibodies ultimately lead to production 
and deposition of glycosaminoglycans in the orbital 
tissue as well as adipocytes hyperplasia9 that will gen-
erate the characteristic clinical signs in thyroid-associ-
ated ophthalmopathy. This inflammatory process will 
involve the orbit connective tissue as well as the extra-
ocular muscles of the eye, with remodeling of the 
orbit10.

Remodeling in the orbit will lead to a series of sub-
sequent changes that will affect the functionality and 
image of the organ. These subsequent manifestations 
can easily be understood by the presence of the inflam-
matory process and the mechanical effect of the re-
modeling, and can include visual alterations due to 
changes in the cornea, eye pain, eyelid retraction, and 
restricted eye movement, among others (see clinical 
manifestations).

The association of reactive oxygen species in the 
development of the disease explains its association to 
factors such as smoking. It has been demonstrated that 
the presence of oxidative markers in tears and urine, 
including 8-hydroxy-2′-deoxyquanosine and malondial-
dehyde (urine only), is higher in patients with thyroid-as-
sociated ophthalmopathy and correlates to the clinical 
activity of the disease11,12. It is logical to conclude that 
the presence of this oxidative stress is to a great de-
gree associated to the presence of the inflammatory 
process itself. The exact mechanism by which these 
reactive species enhance the disease activity has not 
yet been fully elucidated.

Epidemiology

The most frequent cause of thyroid alterations is io-
dine deficiency; when not associated to iodine 
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deficiency, autoimmune diseases of the thyroid are the 
second major cause of alterations. In the case of 
Graves’ disease, it is the most frequent cause of thyro-
toxicosis, more frequent in women than in men (0.4 cas-
es/1000 vs. 0.1 cases/1000)13, and its peak of incidence 
is greater between 20 and 50 years old3,13. Hashimoto’s 
hypothyroidism is the most frequent cause of thyroid 
disease in places with sufficient iodine in diet. It is also 
more frequent in women than in men (10-20/1) and with 
a peak of cases between ages 45 and 65 years old3,13.

Thyroid ophthalmopathy is more frequent in women 
than in men (5:1), it can be detected in even 50% of 
patients with diagnosed Graves’ disease, even though 
it can be more severe in men2,5,14. The vast majority of 
cases are related to Graves’ disease, a minor percent-
age of cases can also be associated to Hashimoto’s 
hypothyroidism, subclinical hypothyroidism, euthyroid 
states, and even thyroid cancers.

It is difficult to describe the worldwide prevalence of 
thyroid-associated ophthalmopathy due to lack of re-
search and publications in many regions. A systematic 
review of prevalence of thyroid function in patients al-
ready diagnosed with thyroid-associated ophthalmopa-
thy found 86.2% prevalence with hyperthyroidism; 
10.36% prevalence with hypothyroidism; and 7.9% with 
euthyroid states, (studies were mainly in Wales, the 
United States, Iran, Spain, Singapore, Ghana, Germa-
ny, Korea, and Japan)15.

Smoking is a major risk factor for the development of 
thyroid-associated ophthalmopathy, evidence suggest 
that active smokers are at increased risk than former 
smokers, making it logical to recommend smoking ces-
sation to patients16, additionally, chronic smokers treat-
ed with radioiodine are at increased risk of developing 
thyroid ophthalmopathy17. The specific mechanism by 
which inflammatory substances such as IL-1, IL-6, and 
processes such as adipogenesis and hyaluronic acid 
production increase with exposure to cigarette smoking 
has not been fully described yet and constitutes an 
important field of research17,18.

Clinical manifestations

Clinical manifestations in thyroid disease, as a sys-
temic pathology, are broad. Thyroid ophthalmopathy 
can exist without systemic manifestations of thyroid 
disease or even, without overt thyroid dysfunction, thus 
a cautious analysis of each case is required. Even 
though rare, symptoms of thyroid ophthalmopathy, such 
as proptosis, diplopia, pain, and conjunctival erythema, 
can be the initial and only manifestations referred by 

the patient, even in pediatric cases19,20. Probably, the 
most striking symptoms in thyroid ophthalmopathy are 
eyelid retraction and proptosis with an enlargement of 
the palpebral cleft. Giving the face a typical appear-
ance described in classic medical literature as a sur-
prised face or scared face21.

Signs and symptoms are usually insidious in appear-
ance and include proptosis, diplopia, periocular and eye-
lid edema (more prominent in the morning), periocular 
hyperpigmentation, and increased size in lacrimal gland, 
which can possibly evolve to decline in its function. Oth-
er manifestations are corneal and conjunctival damage, 
in some cases with progression to corneal ulceration 
and subsequent blurred vision; sensation of a foreign 
body and increased tearing; and sensation of retroocular 
pressure and pain with eye movement, which is an indi-
cator of disease activity. Optic nerve damage can be 
present, with manifestations varying from chromatic per-
ception alterations to scotomas5,22,23. Due to similar 
symptoms observed in other eye diseases, the differen-
tial diagnosis includes allergic conjunctivitis, myasthenia 
gravis, orbital tumors, inflammatory orbitopathies related 
to autoimmune processes, and some myopathies24.

Thyroid ophthalmopathy is often initiated by a clinically 
active phase followed by a non-active phase. The clinical 
activity of the disease is not always related to the sever-
ity or degree of its progression. At present, two systems 
are used for its classification to make adequate manage-
ment decisions: the Vision, Inflammation, Strabismus, 
and Appearance (VISA) and European Group of Graves’ 
Orbitopathy (EUGOGO) classifications. The VISA con-
siders presence or absence of caruncular edema; con-
junctival redness; lid redness; retrobulbar ache with rest 
and gaze; diurnal variation; and the level of chemosis 
and lid edema. Scores help deciding between conser-
vative and aggressive treatment.

The EUGOGO classification assesses the activity 
and severity of the disease using 10 items, including: 
degree of eyelids swelling/erythema, degree of con-
junctival redness/edema, degree of inflammation of 
caruncle or plica semilunaris; eyelid functionality mea-
surements (palpebral retraction, upper/lower lid retrac-
tion, and the presence or absence of lagophthalmos or 
Bell’s phenomenon); degree of proptosis; integrity of 
the cornea; ocular motility; and presence of optic 
neuropathy19.

Treatment and prognosis

Treatment is based on activity and severity; severity 
means the level of functional impairment, which in the 
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moment of the evaluation, can be accompanied or not 
by clinically active disease. According to the EUGOGO 
classification, mild forms of the disease should be man-
aged with follow-up and lubricants to relieve symptoms. 
Moderate-to-severe forms with clinical activity require 
added treatment with corticosteroids or other immuno-
suppressants and possibly, radiotherapy. Intravenous 
corticosteroids are the most common, first-line treat-
ment, notable for better outcomes than oral route. Ra-
diotherapy can be used to improve management. How-
ever, it is often times not used in relatively moderate 
cases mainly due to its possible side effects. If the 
disease is not active at time of evaluation, then surgery 
can be offered.

In sight-threatening category, the first line of treat-
ment is intravenous corticosteroids or other immuno-
suppressant therapy as needed; with orbital decom-
pression or corrective surgery being offered to patients 
with inadequate response to medication or inactive 
forms of the disease25-27. It is important to note that 
treatment with radioiodine implies a risk of progression 
of thyroid orbitopathy in patients with Graves’ 
disease17.

Novel treatments that are currently being explored 
include the use of selenium, small-molecule ligand an-
tagonists for the TSH receptor stimulatory antibodies 
and the use of teprotumumab (an IGF-1 receptor block-
er), tocilizumab (IL-6 receptor antagonist), and ritux-
imab (Anti-CD20 monoclonal antibody), especially for 
corticosteroids resistant cases28-30.

Teprotumumab has recently being compared against 
placebo in patients with active thyroid ophthalmopathy, 
showing better proptosis response, as well as better 
scores in secondary outcomes assessing disease ac-
tivity and severity31. There is an increased likelihood 
that with better understanding of the pathophysiology 
more specific molecular targeted treatments will be-
come available.

Adequate management should also address thyroid 
disease itself. As previously stated, ophthalmopathy 
can be present in different thyroid scenarios, therefore, 
the accompanying treatment will depend on the main 
stem disease. In hypothyroidism, treatment would in-
clude adequate levothyroxine supplementation. In hy-
pothyroidism, treatment would include adequate 
levothyroxine supplementation; in hyperthyroid states 
treatment will include symptomatic management with 
beta-blockers, antithyroid medications (methimazole, 
propylthiouracil), radioactive ablation and surgery in 
certain cases.

In many cases, thyroid-associated ophthalmopathy is 
non-progressive and significantly improves with ade-
quate treatment. Unfortunately, in the vast majority of 
cases, there is not a complete resolution of the case, 
with only very few patients being actually considered 
thyroid ophthalmopathy free after any kind of 
treatment32.

Conclusion

Thyroid ophthalmopathy should be considered mainly 
as an autoimmune chronic process, associated to sev-
eral different factors not yet well understood. Research 
in modifiable risk factors, specially smoking cessation, 
continues to be an important issue that will probably 
help us better comprehend this condition. In recent 
years, an increased understanding of its pathophysiol-
ogy has allowed us to better assess it and significantly 
improve the life quality of patients. Even though com-
plete regression of the symptoms is most of the time 
not achievable, novel immunomodulatory and non-im-
munomodulatory therapies are being explored.
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abstract

Methotrexate (MTX) has been one of the most used anti-inflammatory, antimetabolite, and steroid-sparing drugs in dermatology, 
it was originally developed as an antineoplastic drug for leukemia which was later introduced as a therapeutic option for 
psoriasis, rheumatoid arthritis, and, recently, for inflammatory skin diseases. MTX is the drug of choice for the systemic treat-
ment of psoriasis, being an effective, safe, and low-cost option. The use of MTX has extended to other inflammatory diseases 
such as urticaria, atopic dermatitis, pemphigus vulgaris, bullous pemphigoid, and recently, intralesional therapy for cutaneous 
tumors. Despite the wide range of potential indications, is still continues to be scarce, and mainly derived from case series 
and reports and prospective, randomized double-blinded studies are lacking. Herein, we will review the main uses of MTX 
for skin diseases and the evidence regarding its efficacy and safety.
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Introduction

Methotrexate (MTX) usage in dermatology was first 
established in 1951 after observing the improvement of 
psoriatic plaques in patients with aminopterin for cancer 
treatment, this finding led to MTX development, a more 
stable and less toxic drug1.

Due to its widespread use in severe diseases, MTX 
has been dichotomized in two main dose schemes: the 
“high dose” (HD-MTX), average dose 1 g/m2, focused 
on hematologic malignancies and the “low dose” 
(LD-MTX), ranging from 7.5 to 30 mg weekly, and ex-
tensively used for skin diseases (Table 1); LD-MTX is 
effective during long-term treatments with mild toxicity. 
In this review, we will focus on LD-MTX use in different 
skin diseases, dosage, and recommendations for ad-
ministration and surveillance.

Materials and Methods

A systematic search was conducted in the PubMed 
database of the literature available from 2000 to 2021 
with the Mesh term “Methotrexate,” combined with the 
following subheadings: “administration and dosage;” 
“low dose;” “mechanism of action;” “adverse effects;” 
“drug therapy;” and “drug effects;” and the following 
keywords: “guideline;” “skin diseases;” “psoriasis;” 
“urticaria;” “pemphigus vulgaris;” “bullous pemphigoid;” 
“dermatomyositis;” “scleroderma;” “pityriasis rubra pi-
laris;” “malignancy;” “mycosis fungoides;” “basal cell 
carcinoma;” and “keratoacanthoma.” We obtained 417 
articles. Forty-eight articles were assessed for eligibility 
(we include articles that mention the dose and time of 
treatment with MTX, in addition to the adverse events 
presented), and 40 were included in the review. Due to 
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the broad scope of the topic, we highlighted the most 
important diseases and impact on the morbidity and 
mortality in dermatology.

Development and Discussion

Mechanism of action

The primary mechanism of action for LD-MTX is not 
completely understood versus the well-known mecha-
nism of action as an antimetabolite of HD-MTX in on-
cology treatments2-4. There are several approaches to 
the mechanism of action of LD-MTX (Fig.  1), but we 
need more studies to explain its beneficial effect in 
dermatological conditions, where severe adverse ef-
fects are rarely seen2,3, in contrast with the use of 
higher doses.

One of the main mechanisms of the action of LD-
MTX includes the inhibition of dihydrofolate reductase, 
an essential enzyme for folate metabolism, leading to 
the depletion of intracellular folate with thymidine syn-
thesis inhibition3; MTX is also an antagonist to folate 
metabolism, as well as it decreases the folate cofactors 
synthesis necessary for nucleic acid production4.

At lower doses, MTX increases the intracellular and 
extracellular adenosine concentration, suppressing 
pro-inflammatory molecules such as IL 12, TNFα, IL 6, 
IL 8, and nitric oxide, and increases anti-inflammatory 
mediators such as IL 102-4.

Pharmacokinetics

Low-dose MTX is entirely absorbed in the gastroin-
testinal tract by active transport; once absorbed, it has 
low bioavailability (≥25%) due to intestinal tract and 

liver inactivation5. Approximately 10% of MTX is trans-
formed to 7-OH-MTX by hepatic metabolism. It is elim-
inated unchanged (90%) in urine by active secretion. 
Peak serum levels with oral administration usually take 
1-2 h and through an intramuscular injection after 30-
60  min5. About 50% of MTX binds to serum proteins 
which determine the distribution in the organism. MTX 
is distributed in the intracellular space through the re-
duced folate carrier 1 receptor, and in this compart-
ment, it is transformed into MTX polyglutamate; which 

Table 1. Common dermatological indications for MTX

Highest evidence* Lowest evidence

Psoriasis Pityriasis rubra pilaris

Atopic dermatitis Pityriasis lichenoides

Cutaneous scleroderma 
(Morphea)

Pityriasis lichenoides et varioliformis 
acuta

Chronic cutaneous 
lupus erythematosus

Chronic urticaria

Mycosis fungoides Pemphigus

Bullous pemphigoid

Ocular cicatricial pemphigoid

Dermatomyositis

Behcet’s disease

Polyarteritis nodosa

Cutaneous sarcoidosis

Granuloma annulare

Lymphomatoid papillomatosis

*Level of evidence II‑III.
MTX: methotrexate. 

Figure 1. Proposed mechanism of action in LD‑MTX: Methotrexate inhibits aminoimidazole‑4‑carbox‑ amide 
ribonucleotide (AICAR) upon entering the cells, which inhibits adenosine degradation, leading to an intra and 
extracellular increase of adenosine concentrations. Adenosine will bind to the A2A receptor on endothelial cells, 
leading to an increase in anti‑inflammatory modulators and a decrease in proinflammatory molecules.
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accumulates intracellularly explaining why high concen-
trations can be maintained from weeks to months2.

Supplementation

Folate supplementation is controversial since 
there is no established information on whether folic 
acid or folinic acid is the best option for LD-MTX5. 
Experts recommendations include supplementing 
folic acid when gastrointestinal or hematologic ad-
verse effects occur6. It can be administered as 1 g 

daily or folinic acid 5  mg three doses every 12  h 
once a week6.

Other authors suggest folic acid 5 mg/day except for 
the day of MTX intake or folinic acid 15 mg/weekly5; in 
our experience, we have used folic acid 5 mg weekly 
without significant hematologic adverse events due to 
MTX (unpublished data).

Adverse effects

Few adverse effects have been reported with LD-
MTX (Table 2), including abnormal liver function; gas-
trointestinal effects including nausea; hematopoietic 
suppression is often related to higher doses; subjective 
side effects such as fatigue and headaches; non-scar-
ring hair loss; and in few cases, an increase in blood 
urea nitrogen retention, pneumonia, neoplasm, sensitiv-
ity to ultraviolet light, delay in wound healing, and cuta-
neous necrosis have been reported7,8. Adverse effects 
are more frequent in tissues with fast cellular replication 
such as skin and gastrointestinal system, due to MTX 
affinity for rapidly replicating cells. MTX is contraindicat-
ed during pregnancy and lactation (Table 3)7.

Monitoring

Before starting MTX, the following tests are required, 
including complete blood count, creatinine, liver function 
tests, and a pregnancy test in women with childbearing 

Table 2. Adverse effects of methotrexate

Target organ/system Side effect

Constitutional Nausea

Fatigue

Malaise

Anorexia

Gastrointestinal Diarrhea

Stomatitis

Hepatotoxicity

Hematological Cytopenia (anemia, leukopenia, and 
thrombocytopenia)

Lymphoma (Epstein related)

Pulmonary Pneumonitis

Pulmonary fibrosis

Reproductive Teratogenicity

Oligospermia

Mucocutaneous Mucositis

Photosensitivity

Radiation recall reaction

Drug hypersensitivity reaction

Diffuse non‑inflammatory alopecia

Squamous cell carcinoma

Infections Opportunistic infections (Pneumocystis 
jiroveci pneumonia)

Tuberculosis reactivation

Hepatitis

Neurological Headache

Fatigue

Mood alterations

Table 3. Contraindications to methotrexate

Absolute Relative

Pregnancy Liver disease

Lactation Kidney disease

Severe cytopenia Mild‑to‑moderate cytopenia

Women with a 
reproductive interest

Excessive alcohol consumption

Concomitant use of hepatotoxic 
medications

Active infections (HIV and tuberculosis)

Immunosuppression

Severe obesity

Diabetes mellitus

Recent live‑attenuated vaccination

Poor adherence to treatment

HIV: human immunodeficiency virus.
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potential. In certain cases, B and C hepatitis, HIV test-

ing, as well as the identification of latent tuberculosis 

might be considered4.

Follow-up includes a complete blood count every 

2-4 weeks in the 1st month and every 2-3 months4,6. Kalb 

et al.6 suggested monitoring liver function every month for 

6 months and afterward every 2 months until normal.

In cases with a cumulative MTX dose of 3.5-4 g, liver 

biopsy or MTX withdrawal should be considered, 

although, in recent years, the use of the amino-terminal 

peptide of procollagen III levels may help to avoid or 
delay biopsy4,6.

Drug interactions

Some commonly used drugs have the potential to 
increase MTX toxicity (Table 4), leading to pancytope-
nia or even death, particular care should be taken with 
drugs that have renal excretion which can increase 
adverse efects4,6. Trimethoprim-sulfamethoxazole is 
usually avoided in patients taking MTX due to folic acid 
antagonism (Fig. 2) and also sulfamethoxazole compet-
itively inhibits renal secretion, increasing the risk for 
MTX toxicity6.

Psoriasis

Psoriasis is an inflammatory skin disease that re-
mains one of the main indications for MTX in derma-
tology, with an FDA approval for severe, recalcitrant, or 
non-responsive psoriasis and psoriatic arthritis4. It is 
indicated as a systemic treatment when no other treat-
ments are available, unsuccessful results with other 
systemic therapies or with articular involvement. It is 
particularly useful in patients with moderate-to-severe 
plaque psoriasis including nail psoriasis, generalized 
pustular psoriasis, psoriatic erythroderma, and 

Table 4. Drugs that may interact with MTX to increase 
toxicity

Mechanism of interaction Drug involved

Decreased renal 
elimination of MTX

Salicylates

Nonsteroidal anti‑inflammatories 
(naproxen, ibuprofen, and 
indomethacin)

Pharmacological 
enhancement of MTX 
toxic effects

Trimethoprim‑sulfamethoxazole 
(absolute contraindication)

Ethanol

Phenylbutazone

Reduced tubular 
secretion

Salicylates

Sulfonamides

Probenecid

Cephalothin

Penicillin

Ciprofloxacin

Tetracycline

Colchicine

Displacement of MTX 
from plasma protein 
binding

Salicylates

Probenecid

Barbiturates

Phenytoin

Intracellular accumulation 
of MTX

Probenecid

Dipyridamole

Hepatotoxicity Retinoids

MTX: methotrexate.

Figure 2. Comparative molecular structure of 
methotrexate, folic acid and trimethoprim. 
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palmoplantar psoriasis5. Studies have shown similar 
efficacy of MTX in stabilizing different types of 
psoriasis7.

A recent meta-analysis described a PASI75 response 
in 40% of patients after 12  weeks with LD-MTX, but 
less effective compared with biologic agents9. In addi-
tion, MTX can be used in combination with other 
systemic, biologic drugs (infliximab, etanercept, and 
adalimumab) to increase efficacy, lowering the risk of 
serious adverse effects5,6.

Effective doses range between 7.5 and 25 mg week-
ly. Some clinicians rely on a lower “test dose” followed 
by laboratory tests a week or two later, but recent evi-
dence suggests that this may not be necessary and the 
emphasis is made on adequate monitoring before start-
ing and during treatment6,10.

Psoriasis is often related with several comorbidities, 
including obesity and metabolic syndrome; therefore, 
monitoring for hepatotoxic and hematological effects in 
this group of patients should be continuous6.

Chronic urticaria

Chronic urticaria is a frequent disease characterized 
by wheals for at least 6 weeks. First-line treatment for 
chronic urticaria includes antihistamines, but despite 
their efficacy, about 36.8% of patients will not have an 
adequate response to treatment and will require addi-
tional therapy11.

LD-MTX 10-15  mg weekly has been successfully 
used in several case reports and case series. Sagi 
et al.12 included eight patients with recalcitrant chronic 
urticaria using MTX with complete remission in 87% of 
the cases. Perez et  al.11 retrospectively evaluated 
26 patients with steroid-dependent urticaria, 12/16 pa-
tients had a complete response, and seven patients 
reduce oral steroid doses and two patients suspended 
the treatment.

A recent systematic review and meta-analysis includ-
ed two randomized controlled trials with recalcitrant 
urticaria and concluded that MTX did not provide any 
significant benefit over placebo, but the treatment was 
well tolerated13.

Atopic dermatitis

Atopic dermatitis is a chronic inflammatory disease 
of the skin affecting 5-20% of the pediatric population 
and 2-5% of the adult population14; most patients with 
atopic dermatitis develop a mild-to-moderate disease 
that is usually controlled with topical therapy or 

phototherapy15,16. A small subset of patients will be un-
responsive to first-line treatments, often requiring sys-
temic treatments15,17.

MTX is used as an off-label systemic alternative; few 
randomized controlled trials are available and most 
studies are retrospective in nature, showing that MTX 
is effective and safe for moderate-to-severe atopic 
dermatitis17.

Several studies have shown clinical responses rang-
ing from 53.85% to up to 93% of patients with >75% 
improvement and clinical response between 4 and 
12 weeks of treatment with the use of MTX18. Adverse 
effects were reported in 34.62% of patients; gastroin-
testinal and elevated transaminase levels were the 
most common; bone marrow suppression was rarely 
reported14.

Regarding the pediatric population, there are no guide-
lines for immunosuppressive drugs, leading to uncertain-
ty of the efficacy and safety of these drugs. Anderson 
et  al.17 conducted a retrospective study in 55 pediatric 
patients with atopic dermatitis, treated with LD-MTX (me-
dian dose: 0.45  mg/kg weekly) during 15.3  months, 
showing 76.4% improvement; gastrointestinal symptoms, 
acquired skin infections, and blood count abnormalities 
were the most common side effects.

Pemphigus vulgaris

Pemphigus is an autoimmune blistering disease that 
affects skin and mucosa, mortality decreased impor-
tantly since the introduction of systemic steroids, re-
maining the first line of treatment19, however, significant 
long-term side effects limit their extensive use, and 
thus, other immunomodulatory drugs are required20.

A 2009 meta-analysis included 136 pemphigus pa-
tients treated with systemic glucocorticoids and MTX, 
showing clinical improvement in 82% of cases20. Baum 
et  al.21 included 30  patients with pemphigus vulgaris 
treated with prednisone and MTX 15 mg/weekly; predni-
sone tapering was possible in 76.6% of patients even in 
recalcitrant cases, highlighting a steroid-sparing effect.

Tran et al.19 presented 23 patients treated with pred-
nisone and MTX with a maximum dose of 20 mg/week; 
improvement of blistering was seen in 91.3% after ini-
tiation of MTX and 69.6% discontinue prednisone in a 
mean of 18 months.

Bullous pemphigoid

Bullous pemphigoid is an autoimmune subepidermal 
blistering disease, presenting as tense blisters, that 
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may last from months to years and usually affecting 
older individuals that, if left untreated, may last from 
several months to years to control22. Oral and topical 
corticosteroids continue to be one of the mainstay ther-
apies despite their numerous side effects23. LD-MTX 
has been proposed for the treatment of bullous pem-
phigoid as monotherapy or as adjunctive management 
with topical corticosteroids to reduce treatment 
periods22,23.

Considering patients with bullous pemphigoid tend to 
be older, concerns have been raised regarding the use 
of MTX and decreased renal function, but observations 
have shown no correlation with the increased risk of 
mortality23. Dosage in this subgroup of patients tends 
to be lower, up to 12.5 mg/week, with median doses of 
5 mg that could be explained by the physiological de-
crease in renal function22.

Retrospective studies have shown complete re-
sponse after 1  month in 90% of patients who initially 
did not respond to topical clobetasol propionate23 and 
its usefulness as a steroid-sparing agent with success-
ful prednisone tapering22.

Evidence of MTX use in bullous pemphigoid is scarce 
and low quality. Some authors suggest that MTX should 
be reserved for the unresponsive disease22,23.

Dermatomyositis

Dermatomyositis is a multisystemic disorder, classi-
fied as a subtype of idiopathic inflammatory myopa-
thies, and characterized by proximal muscle weakness 
and classic cutaneous lesions24,25. Glucocorticoids are 
considered the first-line therapy and the only Food and 
Drug Administration approved treatment for dermato-
myositis, however, in many cases, additional immuno-
suppressants and immunomodulatory are required to 
achieve adequate control, and few studies on these 
medications have been conducted24.

In dermatomyositis, patients often require higher 
MTX doses than the previous dermatoses (up to 25 mg 
weekly)26, with a significant reduction in the severity of 
cutaneous signs and symptoms, and better outcomes 
on 5-year survival. Lung involvement in this group of 
patients plays a fundamental role in the treatment se-
lection since MTX may lead to lung injury25,26.

Ruperto et al.27 conducted a randomized trial in pa-
tients with newly diagnosed juvenile dermatomyositis 
that included 139  patients and were split into predni-
sone, prednisone plus cyclosporine, or prednisone plus 
MTX. Improvement at 24 months follow-up favored the 
combined treatment versus prednisone alone. The 

safety analysis seemed to favor MTX over cyclosporine 
as a combination therapy. Infections were more fre-
quent with the combined treatment and adverse effects 
included the increase in liver enzymes, nausea, hepa-
titis, and lung disorder.

Localized and systemic sclerosis

LocaLized scLerosis

Localized sclerosis, also known as morphea, is a 
disease that classically affects the dermis with exces-
sive collagen deposition, leading to localized sclerosis, 
and in severe cases progressing for years developing 
functional, cosmetic, and psychological disabilities28.

A recent Cochrane review concluded that out of 100 
children and teenagers treated with MTX and predni-
sone, 67 patients improve, with little or no difference in 
side effects compared to the group treated with placebo 
and prednisone, based on low-quality evidence 
studies29.

Studies have been conducted in different subtypes of 
localized sclerosis showing an adequate response to 
the recommended dose of 0.25 mg/m2/week to a max-
imum dose of 25  mg/week29. Most studies report an 
80% improvement with recurrence rates ranging from 
28 to 44% in 16-20 weeks after suspending MTX30. Zu-
lian et al.31 conducted a randomized placebo-controlled 
trial in patients with juvenile localized scleroderma, 
showing that MTX is safe and effective. The authors 
suggest that MTX should be maintained for a minimum 
of 12 months before tapering the dosage.

Platsidaki et al.28 conducted a retrospective study in 
patients with generalized plaque scleroderma, unre-
sponsive to topical treatments, treated with MTX 15 mg. 
After 12 months of therapy, 30% presented very good 
response and 50% only achieved good response. 
Finally, a retrospective study included 7  patients 
with coup de sabre treated with MTX; 100% improved 
in  an  average of 2  months; MTX was discontin-
ued in an average of 16 months32. MTX can be consid-
ered  a  first-line systemic treatment due to the 
existing evidence33.

systemic scLerosis

Systemic sclerosis is a chronic autoimmune disorder, 
targeting internal organs and skin, that leads to fibro-
sis33. Several treatments are often required and must 
be chosen depending on existing target organ damage. 
MTX is the best treatment to decrease skin fibrosis34 
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and should be considered in early diffuse systemic 
sclerosis, although it is important to consider that pos-
itive effects on other organs have not been shown33. 
Randomized controlled trials showed improvement in 
skin score at 10-15 mg/week34, and it is recommended 
to maintain treatment for 6-12 months33, studies have 
shown few cases with discontinuation due to adverse 
effects, and no significant differences in mortality were 
shown34.

Alopecia areata

Alopecia areata is a cause of non-scaring hair loss 
with an estimated lifetime prevalence of approximately 
2%35. Alopecia areata exerts a significant impact on 
morbidity and patient’s quality of life36. In the pediatric 
population, it is associated with a poorer prognosis than 
adults37, as the treatment frequently presents low toler-
ability of therapy and the need for continuing blood 
testing36.

MTX has been used both as monotherapy and as an 
adjunct to corticosteroids, however, there is insufficient 
evidence regarding low-dose MTX is useful for main-
taining hair growth in extensive disease38. The avail-
able evidence suggests that it is well-tolerated and may 
offer a useful treatment alternative35, but there remains 
a lack of clear definitive evidence or guidelines36.

In the pediatric population, it should be considered 
the use of MTX in severe and resistant cases, having 
the advantage that it can be maintained for several 
years, in contrast with other treatments with a high rate 
of relapse or no data in long-term effects such as meth-
ylprednisolone or diphencyprone36,37.

Phan et al.38 performed a systematic review and me-
ta-analysis in patients with alopecia areata treated with 
corticosteroid and MTX, showing a complete response 
(100% regrowth of hair) in 35.8% (adults: 44.7% and 
pediatric: 11.6%) and good response (50-100% re-
growth of hair) in 63.2% (adult: 69.3% and pediatric: 
46.5%) with an average time of regrowth of 3.125 months 
and complete regrowth in 9.9 months.

Pityriasis rubra pilaris

Pityriasis rubra pilaris is an uncommon papulosqua-
mous inflammatory disease of the skin, which may 
progress to erythroderma39. Some authors state that 
after 3 years, up to 80% of these cases may develop 
spontaneous remission, therefore, treatment efficacy is 
difficult to assess, however, non-remitting pityriasis ru-
bra pilaris has been described39. The use of MTX is 

strongly supported and its mechanism of action is pre-
sumed as an antiproliferative and anti-inflammatory 
agent39.

A literature review including 116 cases reported com-
plete clearance in 23.3% and excellent clinical re-
sponse in 17.2% of the patients39.

Malignancy

mycosis fungoides

Mycosis fungoides is the most prevalent subtype in 
the group of cutaneous T-cell lymphomas40. LD-MTX 
has been used to treat MF for many years, however, 
data about its effectiveness are very limited8. It is not 
clear the exact mechanism MTX in mycosis fungoides; 
it has been proposed that the anti-inflammatory, immu-
nomodulatory, and cytostatic are the main involved 
mechanisms41.

MTX is usually administered orally as the second-line 
treatment according to the European Organization for 
Research and Treatment of Cancer and the World 
Health Organization recommendations for Stages IA-
IIB, with a recommended dose of 20-75  mg weekly, 
usually divided into three doses every 12 h and may be 
combined with glucocorticoids, PUVA, or interferon41.

Zackheim et  al.8 studied 69 mycosis fungoides pa-
tients treated with LD-MTX (median dose: 25 mg/week-
ly, maximum dose: 75  mg), and it was observed that 
initially not responding patients, improved with higher 
doses, concluding that the effectiveness of MTX is 
dose dependent.

Olek-Hrab et  al.41 included 79  patients treated with 
MTX 25-75  mg weekly, reporting that remission was 
achieved in 70% of the patients in 1-3 months. Longer 
remission periods were associated with longer treatment 
duration, however, the rate of adverse effects also in-
creased. The authors showed that remission of nodular 
mycosis fungoides treated with LD-MTX was achieved 
in six out of eight patients; on the other hand, Zackheim 
et al.8 found that in a group of seven patients with nod-
ular mycosis fungoides, only one achieved remission. 
MTX should be considered when all the topical methods 
and phototherapy have failed or cannot be used.

Keratoacanthoma

Keratoacanthoma is considered well-differentiated 
squamous cell carcinoma with a low malignancy poten-
tial due to their tendency to present involution. Clinically, 
these tumors are characterized by an initial rapid growth 
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rate followed by the aforementioned involution42. Kerato-
acanthoma has distinct clinical features, and histopatho-
logical confirmation is advised to rule out squamous cell 
carcinoma42, before starting intralesional treatment and 
a repeat biopsy in case of failure to respond after two 
intralesional MTX treatment with low recurrence rate (1-
8%)43. Several intralesional therapies have emerged in 
recent years providing advantages such as avoidance 
or delaying surgery in high-risk groups, better cosmetic 
results, or decreasing tumor size43,44. Due to the capac-
ity of inhibiting growth in fast-growing tumors, MTX has 
shown good efficacy in managing keratoacanthomas42.

Moss et al.43 included 157 tumors treated with intral-
esional MTX, with a resolution of 88% with 1-4 doses 
(average total dose: 8.12 mg). In non-responding cases, 
8/9 presented an average decrease in size of 3.2 × 
4.4 mm, none of the tumors showed an increase in size 
after the intralesional MTX43.

Basal cell carcinoma

Basal cell carcinoma accounts for almost 80% of the 
cases of skin cancer, occurring more frequently in the 
head45, and usually had a slow growth rate with ex-
tremely rare metastasis capacity. Simple surgical exci-
sion and Mohs surgery are the gold standards45; but in 
patients who are not good candidates for surgical 
treatment, therapeutic alternatives are needed; intrale-
sional MTX has been studied as an option in the treat-
ment of basal cell carcinoma with no efficacy45.

MTX acts by suppressing mitosis that inhibits DNA 
synthesis during cell replication in rapidly growing tu-
mor, however, since basal cell carcinoma is a slow-grow-
ing tumor, MTX is not recommended. Balighi et  al.45 
reported 40 nodular basal cell carcinoma in 11 patients 
treated with intralesional MTX in three different 
schemes: 2.5  mg/ml in 10 lesions, 10  mg/ml in 
21  lesions, and 25  mg/ml in 9 lesions. No significant 
changes in the shape or the tumor size were observed, 
concluding in the lack of efficacy of MTX in the treat-
ment of basal cell carcinoma.

Conclusions

MTX has been used for many years in the treatment 
of skin diseases; it continues to be a safe, effective, 
and low-cost option. In this review, we present a com-
prehensive discussion of the main uses of LD-MTX in 
cutaneous diseases. Adequate patient selection is of 
utmost importance for ensuring safety, also, serial lab-
oratories are required for adverse events monitoring.

Although multiple dermatologic conditions appear to 
benefit from LD-MTX, high-quality evidence is still lack-
ing, warranting further investigation for better deci-
sion-making, and improves patient outcomes.
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abstract

Local flaps or based on a single perforator have great utility in reconstructive surgery, however, its use is complicated pos-
terior midline due to the characteristics of the tissues, the keystone flap described in 2003 has become one of the main 
options for reconstruction due to safety, easy reproducibility, shorter surgical time, and shorter learning curve, there are three 
cases of posterior midline defects where the characteristics of the patient required a shorter recovery time with adequate 
functional and esthetic results.
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Introduction

Posterior midline defects due to pathologies in the 
spine represent a great challenge for the plastic and 
reconstructive surgeon. Due to the nature of the adja-
cent soft tissues, management with local flaps gives 
limited coverage options with the need to perform mul-
tiple procedures; this does not always lead to adequate 
functional and esthetic results, which generates frus-
tration for the surgeon and the patient. Management 
with microsurgical options has become the gold stan-
dard for the coverage of these defects, however, this 
option is not feasible in all hospital centers worldwide, 
due to the lack of adequate optical and instrumental 
equipment, as well as the training and the necessary 
curve of a microsurgeon.

Since its first description in 2003 by Behan on the 
reconstruction of skin defects in the face and trunk 
region, studies have been carried out demonstrating 

the usefulness of the keystone-type flap, in its many 
modifications, for coverage of defects that are difficult 
to manage, such as the trunk, limbs, or periarticular 
region with adequate results.

Behan’s original technique indicates the elliptical ex-
cision of the defect parallel to the vascular perforators, 
this consists of taking the side adjacent to the defect 
with greater laxity, followed by an incision at 90° at 
each end of the defect with a length ratio of 1:1 (with 
the maximum width of the defect and joining parallel to 
the ellipse of the defect). If the defect is greater than 
2 cm, a blunt dissection can be performed on the edges 
of the flap to facilitate advancement, respecting the 
ipsilateral edge of the defect. Scheme (A) Elliptical De-
fect (B) Keystone Flap Design, Trapezoidal shape with 
90 degrees angles and width of flap at same ratio as 
the defect.

mailto:marioape%40hotmail.com?subject=
http://dx.doi.org/10.24875/HGMX.21000075
http://crossmark.crossref.org/dialog/?doi=10.24875/HGMX.21000075&domain=pdf
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This manuscript presents three cases of the use of 
the keystone flap for the management of defects that 
are difficult to manage due to their dimensions, char-
acteristics such as bony projections, or exposure of the 
spinal cord in the posterior midline with adequate func-
tional and esthetic evolution.

Case 1

A 40-year-old male patient with a history of spinal 
instrumentation. He subsequently presented a surgical 
site infection that conditioned multiple surgical toilets 
with surgical wound dehiscence secondary to poor gen-
eral conditions of the wound edges and high tension in 
the primary closure. After this, surgical cleaning of the 
wound, antibiotic impregnation locally, remodeling of 
non-viable wound edges with a resulting bloody area of 
approximately 18 × 9 cm with bone exposure, and os-
teosynthesis material are performed in conjunction with 
the neurosurgery service. Coverage is performed with 
a bilateral keystone type flap (Type  3) with adequate 
coverage of bone protrusions, edges are faced with 
closure in three planes, placing closed drainage type 
drenovack. The patient presents partial superficial de-
hiscence of the advancing edge in VY which improves 
with local care, with removal of the drain 7  days after 
surgery (Fig. 1).

Case 2

A 57-year-old male patient with increased volume in 
the lumbosacral region and a diagnosis of probable 
chordoma. He presents partial resorption of the verte-
bral column at the lumbosacral level as well as spinal 
cord injury conditioning paraplegia. In the first surgical 
stage, the tumor was resected by neurosurgery, ob-
taining a surgical piece of approximately 20 × 18 × 
18  cm, with a resulting bloody area of 20 × 17  cm; 
bilateral keystone flap (Type 3) is implemented and the 
edges adjacent to the wound are de-epithelialized to 
obliterate the dead space and cover bone protrusions. 
Afterward, a closed drenovack-type drainage is placed, 
obtaining closure in three planes without tension, pre-
senting adequate evolution without wound dehiscence 
or some other minor or major complication during 
post-surgical consultations, however with a subse-
quent increase in volume at approximately 6  months 
of follow-up secondary to recurrence of chordoma, for 
which palliative management is performed due to lin-
eage (Figs. 2 and 3).

Figure 1. Total closure of the keystone flap with 
Monocryl suture and placement of Nylon suture to 
decrease tension, without vascular compromise.

Figure 2. Resulting wound of 20x17 cm with vertebral 
exposure and loss of paravertebral muscle anatomy.
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Case 3

A 45-year-old male patient presented with an in-
crease in volume in the region of the spinal cord at the 
thoracolumbar level that caused bone resorption and 
paraplegia. Resection was performed by neurosurgery, 
obtaining a tumor of approximately 25 × 15 × 8 cm and 
a resulting bloody area of 22 × 12 cm with bone and 
spinal cord exposure. A gelfoam-type hemostatic plug 
and fibrin sealant are placed by neurosurgery; subse-
quently, coverage is performed with a bilateral keystone 
flap (Type 3), with de-epithelialization of the edges for 
adequate coverage of bone protrusions, closed drain-
age type drenovack is placed, it is faced in three planes, 
achieving adequate closure without tension, with ade-
quate post-surgical evolution without presenting major 
or minor complications with current favorable follow up 
at 3 months (Fig. 4) (Fig. 5).

Discussion

During the history of reconstructive surgery, different 
options have been developed for the management of 
defect coverage. Koshima and Soeda described a mus-
culocutaneous flap with skin island based on the infe-
rior epigastric artery for the reconstruction of defects, 
Kroll and Rosenfield conducted studies on perforator 
flaps showing vascular reliability comparable to that of 
musculocutaneous flaps, but with decreased morbidity 
of the donor site by avoiding the extraction of muscle; 
evolving into propeller flaps first in 1991 by Hyakusoku 

et al., and later modifications by Hallock and Teo. Taylor 
and Palmer studied and introduced the concept of an-
giosome, about the static vascular territories of each 
vessel with its perforators, and later, Saint-Cyr intro-
duced the concept of perforator vascular territories dis-
tinct from individual perforators, which have significant 
interactions with adjacent perforators1.

The keystone flap described by Behan in 2003 is a 
flap with a trapezoidal design and curvilinear shape. It 
is essentially two V-Y flaps from one side to the other. 
The curvilinear shape adapts well to the contour of the 
body and is designed within the dermatomes adjacent 
to the defect, originally described for the reconstruction 
of defects after excision of skin cancer, beginning its 
use in head-and-neck reconstruction with subsequent 
use in trunk and extremities, presenting high flap sur-
vival rates, low risk of both minor and major complica-
tions, decreased pain, and faster post-operative 
recovery2.

In relation to its movement, this is an advancement 
flap based on random fasciocutaneous or musculocu-
taneous perforators through the transfer of adjacent 
tissue with adequate soft-tissue laxity. This flap can be 

Figure 3. Bilateral keystone flap with de‑epithelialization 
for space obliteration, closure with Monocryl suture and 
placement of Nylon suture to decrease tension, without 
vascular compromise.

Figure 4. Resulting wound of 22x12 cm with bone and 
spinal cord exposure, after placement of gelfoam 
hemostatic and fibrin sealant for spinal cord coverage.
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a primary reconstructive option or planned as a com-
plement for supplementary soft-tissue coverage, requir-
ing knowledge of hot spots or hot spots that allow skin 
islands to survive through known musculocutaneous 
and fasciocutaneous perforators. It may be necessary 
to visually identify it intraoperatively, thus reducing op-
erative times. The distribution of perforators is relatively 
predictable, with almost 400 perforators found in the 
body, and although Doppler marking is not mandatory, 
knowledge of these zones or hot spots ensures that the 
flaps are centered on them and that the axis of the flap 
is oriented to include dominant connecting vessels be-
tween them3.

Named after the cornerstone of an arch in Roman 
architecture, the keystone flap typically has a long axis 
to short axis ratio of 3:1, planning the long axis of the 
flap parallel to the distribution of cutaneous nerves, 
veins, and known perforators to allow possible preser-
vation of cutaneous sensation and to maintain as much 
axiality as possible of the flow of the dominant perfo-
rators. Advancement of the flap into the defect along 
the short axis creates redundancy and subsequent 

soft-tissue laxity in the long axis of the flap, resulting 
in an increase in the length of the flap along its short 
axis, which is the area of greatest stress during closure. 
VY advancement should be performed at each end of 
the flap in the long axis to further decrease the size of 
the donor site defect by lowering the tension of defect 
closure4.

Originally, the short axis of the keystone flap was 
designed to have a 1:1 relationship to the short axis of 
the defect, and the flap extremities were angled 90° to 
the long axis of the defect. Modifications in flap design 
and harvesting give the reconstructive surgeon greater 
freedom to maximize tissue use and decrease the risk 
of complications. Modifications include an increase in 
the ratio between the size of the flap and the size of 
the defect, de-epithelialization of a segment for obliter-
ation of the dead space, circumferential incision of the 
deep fascia, keystone flap with a distal or proximal 
base, bilateral flap, and angulation asymmetric limb to 
avoid critical structures. Modifications include maintain-
ing a skin bridge, partial undermining, folding the flap 
into an “omega,” or rotating it in a bilateral “ying-yang” 
configuration; de-epithelializing a portion of the flap is 
important for space obliteration along with progressive 
tension sutures for final closure. The degree of contour 
deformity is generally less than that associated with 
propeller flaps(5). The flaps, when initially dissected, 
appear hyperemic perhaps due to denervation or vaso-
dilation of the vessels, attributing it to a sympathetic 
response5.

Four types of keystone flaps have been described in 
the literature:
−	Type  I: Standard flap design without division of the 

deep fascia
−	Type II: The deep fascia on the convex face of the flap 

is sectioned to improve mobility, with the management 
of the secondary defect by primary closure (Type II a), 
or coverage by skin grafting (Type II b)

−	Type  III: Bilateral flap to facilitate closure of large 
defects

−	Type IV: Subcutaneous dissection of up to two-thirds 
of the flap to maximize its mobilization6.
A Moncrieff modification to the keystone flap is to 

maintain a skin bridge, whose function is to improve 
the venous and lymphatic drainage of the flap without 
restricting mobility. This consists of an incision of the 
fascia under the tunneled skin bridge that allows ad-
vancement and avoids deep dissection of the 
structures7.

The keystone flap sometimes has problems such as 
excessive tension and restriction in the closure of the 

 Figure 5. Bilateral keystone flap with de‑epithelialization 
for space obliteration, after placement of closed drain, 
closure with Monocryl suture and placement of Nylon 
suture to decrease tension, without vascular compromise.
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donor area, skin contractures due to straight scars in the 
joints and other mobile areas. Therefore, one of its de-
scribed variants has been the design of an additional V 
shape in the lateral curve of the flap, further reducing the 
tension of the closure and the adjacent tissues, with the 
use of said modification in extremity joints3. Some disad-
vantages of this flap despite its versatile nature are its 
use with caution in trauma areas where the underlying 
perforators may be damaged. Therefore, it is necessary 
in such cases to use a Doppler that not only indicates 
the exact location of the perforators but also indicates the 
strength of the flow within said perforator8.

The keystone flap has many advantages over free 
flap-based microsurgical reconstruction, including:
1.    Shorter surgical times than the free flap or the single 

perforator flap, with faster elevation and insertion of 
the flap (2-3 h)

2.    Avoid the technical demands of perforator 
dissection

3.    High reproducibility, technically easy flap elevation, 
and reliable vascularity

4.    Single region donor site, which allows for superior 
esthetic compatibility by advancing adjacent tissue 
with similar characteristics.

5.    Ideal for patients with multiple comorbidities that 
make patients not candidates for microsurgical or 
long-term procedures

6.    Avoid the need for post-operative monitoring of the flap
7.    Decreased post-operative pain in relation to mus-

culocutaneous flaps, earlier ambulation of the pa-
tient and shorter duration of hospitalization.

The lower extremities are another area where this flap 
has been widely used and provides an excellent option 
for traumatic defects where microsurgical reconstruction 
is not possible, as well as the possibility for immediate 
management of defect coverage9. In a series conducted 
by Lee et al. of 12 cases of non-oncological periarticular 
defects, adequate results and flap survival were ob-
tained for defect coverage, obtaining thin, flexible, and 
durable tissues through flap reconstruction to withstand 
constant movement with tensile forces of multiple vec-
tors, shear, and external pressure10.

In a study by Mohan et al., multiple options associ-
ated with this flap in locoregional reconstruction are 
highlighted: use of bilateral opposing trapezoidal flaps; 
incorporation of advance, rotation and transposition; 
obliteration of dead space; and combination with other 
local flaps. Allowing greater utility in more complex 
wounds and in the context of large oncological resec-
tions and fundus radiotherapy, traditionally contraindi-
cated for locoregional flaps11.

Some of the uses of the flap described in the litera-
ture is for the management of myelomeningocele, this 
being the most common and serious pathology of the 
open spine compatible with life, using multiple recon-
structive options such as primary closure, local flaps, 
and transposition flaps. Throughout history, a high in-
cidence of complications such as partial or total loss of 
the flap, wound dehiscence, cerebrospinal fluid fistula, 
and soft-tissue infection has been described in 2-20% 
of the series. Minor complications (seromas or periph-
eral and partial dehiscence) occur in about 20% of 
cases. Primary closure and transposition flaps are the 
procedures with the highest rates of complications5, 
which is why this flap has begun to be implemented 
with promising results, such as a success rate of up to 
97% and a reduction in the need for multiple surgical 
interventions newborn12.

A solution to reduce the tension in the closure is to 
use a keystone-type flap with fenestrae. Once the flap 
mobilized toward the defect has been designed, when 
excessive tension is noted, several horizontal cuts or 
fenestrations are made, perpendicular to the lines of 
maximum tension and distributed throughout the entire 
flap, to increase its surface, and with this cover a larger 
surface and reduce tension. This modification of the 
last step is made by making the decision according to 
the surgeon’s experience to predict the tightness of the 
closure, it does not require much time, it is very easy 
to perform, and it produces minimal bleeding, with ac-
ceptable esthetic and functional results during fol-
low-up. The most common complications are typically 
minor, involving wound dehiscence, and delayed wound 
healing, which are treated conservatively with local 
wound care. The risk of wound complications increases 
with a history of active smoking as well as pre-opera-
tive irradiation. Major complications such as vascular 
compromise of the flap resulting in partial or total loss 
of the flap are rare, observed in <10% of cases13.

In our cases presented, the decision to perform this 
type of flap was due to the characteristics of the patient 
that made it difficult to perform and survive a microsur-
gical flap as well as its subsequent care, the keystone 
flap presented adequate coverage, with less surgical 
time, care in home reproducible by caregiver and ade-
quate evolution, in one of our cases, I presented su-
perficial partial dehiscence in the edges of greatest 
tension, which is described in the literature as a higher 
risk area that required only general care such as any 
wound with adequate evolution at medium and long 
term.
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Conclusions

The keystone flap remains an adequate reconstruc-
tive option in areas that are difficult to manage with the 
coverage options used conventionally with local flaps, 
as well as areas where, due to the characteristics of 
the injury or the patient in general, it is impossible to 
perform flaps based on a perforator or microsurgical 
flaps, having the advantage of a shorter surgical time, 
a shorter learning curve with respect to perforator or 
microsurgical flaps, and also a greater ease of repro-
ducing the procedures later.

An adequate evaluation of both the defect to be cov-
ered and the general characteristics of the patient are 
always necessary to make the appropriate decision as 
to which of the keystone flap modifications is correct 
for that patient, as well as adequate knowledge of the 
anatomy and planning and flap dissection to ensure the 
highest success rate of the procedures.
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abstract

Although 25% of spinal schwannomas are intradural, only 15% have an intradural-extradural component. The ideal treatment 
consists of complete excision of the tumor. However, one of the most common complications of this procedure is cerebrospi-
nal fluid leak. The following report presents the case of a 40-year-old male patient with a history of Arnold’s (or occipital) 
Neuralgia, who was diagnosed with intradural-extradural cervical schwannoma at C2-C3 level with dura defect that required 
resection, instrumentation, transverse duroplasty, and muscle fascia graft.
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Introduction

A quarter of spinal schwannomas are located within 
the dura, with no difference between men or women, 
of these, 15% present an intradural and extradural com-
ponent (dumbbell tumors)1 and 18% originate at a cer-
vical level2. The ideal treatment for this condition is a 
complete resection. However, cerebrospinal fluid (CSF) 
leakage is one of the most common complications after 
these procedures3. In addition, the cervical spine is 
prone to instability after manipulating the posterior col-
umn4. For this reason, we present the case of a patient 
who was previously assessed for occipital (or Arnold’s) 
neuralgia, with a cervical schwannoma at the C2-C3 
level that required cervical instrumentation, duroplasty, 
and laminoplasty.

Case report

A 40-year-old male patient with no history of neuro-
fibromatosis began his current condition in November 

2020 with an intense headache located in the left ret-
roauricular region followed by paresthesia and weak-
ness in the left upper limb at the level of the hand and 
forearm beginning in January 2021. A diagnosis of oc-
cipital neuralgia was made and treated with local infil-
trations in March 2021, significantly improving pain. 
However, the symptoms of weakness and paresthesia 
had no improvements after the infiltration therapy, so 
he was referred to the Orthopedic Ward of the General 
Hospital of Morelia and was assessed by the Spine 
Surgery Team. Findings on physical examination were: 
complete higher cerebral functions; in the left upper 
limb, strength decreased by 3/5 and alteration in two-
point discrimination was found; muscle stretch reflexes 
in all four limbs; and bathyesthesia was present. A head 
and cervical contrast-enhanced magnetic resonance 
imaging (MRI) was ordered (Fig. 1).

A tumor excision was performed using a posterior 
approach with a craniotome-assisted laminoplasty be-
tween C2-C4 and durotomy. The tumor was located 
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anteriorly and lateralized to the left, with extrusion to 
the root, in the shape of a dumbbell. The technique was 
modified by Tapia-Carrillo; the intradural and intracap-
sular segment was removed with a disc forceps and 
leaving a space of considerable size. Part of the tumor 
was traced at lower levels, C3 and C4, with the facet 
removed and located 2  mm apart from the vertebral 
artery. A duroplasty was performed with Ethibond 5-0, 
by making inverted stitches and performing a trans-
verse incision (in T) to facilitate closure (Fig. 2). A mus-
cle fascia graft from the vertebral muscles was attached 
with Ethibond 5-0 to close the remaining defect. An 
intraoperative Valsalva maneuver was performed to 
confirm the absence of CSF leakage.

C2 was instrumented with transpedicular screws, C3 
with the right transpedicular and left transfacet screws, 
and C4 with transpedicular screws (Fig. 3). A  lamino-
plasty was performed with Ethibond 5 from C2 to C4, 
perforating the base with the needle, then was directed 
in a reverse direction between the lamina to finally 
ending with an interspinous anchor (Fig. 4).

A tumor sample was delivered to the pathology de-
partment, which reported a circumscribed lesion with a 
random cell arrangement arranged in areas of Antoni 
A and Antoni B that arrange in Verocay bodies; with 
diagnosis of a conventional schwannoma. The patient 
was extubated in the intensive care unit for 3 days for 
surveillance, presenting an acute episode of urinary 
retention that was solved with a replacement of a Foley 
catheter. He then was transferred to the orthopedics 
ward for aftercare and was discharged from the hospi-
tal 4  days later; when the patient was able to sit up, 
maintain head support, and walk in an assisted man-
ner. A post-operative cervical MRI was performed be-
fore discharge to confirm the complete absence of the 
tumor and CSF leakage was not present during this 

time. At the 2-month follow-up, the patient had full brain 
function, strength in four limbs 5/5, muscle stretch re-
flexes of ++, and gait dependent on a walker. At the 
6th month follow-up, a cervical MRI was ordered which 
shows no sign of CSF leakage or tumor relapse. The 

Figure 1. Cervical magnetic resonance imaging showing a compressive mass lesion with a size of 2 × 2 cm.

Figure 2. Left: the T‑incision made in the dura to 
facilitate closure with the 5‑0 Ethibond suture. Right: the 
closure of the defect with inverted stitches and muscle 
fascia.

Figure 3. Post‑operative computed tomography with 
metallic suppression showing the arrangement of 
screws and rods.
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patient is no longer using a walker and reports feeling 
satisfied with the evolution he has experienced.

Discussion

The greater occipital nerve originates at the level of 
C2, is located at the posterior root of the second ver-
tebra, and receives concomitant branches from the 
1st  and 3rd  cervical nerves. It has branches that con-
tribute to the innervation of the skin in the head and 
neck through the posterior cervical plexus. Tumors 
originating in this area can cause occipital neuralgia5. 
In this case, we could assume that there is a relation 
between intracervical schwannoma and the retroauric-
ular pain. The constant muscle hypertonia caused by 
the compression of the tumor to the spinal cord could 
have likely irritated the nerve chain. Furthermore, par-
esthesias, weakness, and hyperreflexia persisted after 
analgesic treatment with retroauricular infiltrations.

The segment with the highest risk of instability is the 
cervical spine4. This segment has the greatest range 
of motion. Within this region, the C1-C2 joint is the one 
with the greatest mobility, with a flexion-extension 
range of between 10° and 20°; axial rotation ranges 
between 23° and 38°, and a lateral flexion of 6.7°6. 
Therefore, it was decided to perform cervical instru-
mentation, which has been recommended by Wilkinson 
and Galgano (2020), since at this level, the spine is 
more susceptible to deformities after a laminectomy or 

laminoplasty4. Laminoplasty was performed using a 
similar synthetic braiding technique with Ethibond 5, 
similarly to that described by Sinha and Jagetia (2011) 
in the cervical spine7.

Jenkinson et al. (2005) reported that CSF leakage is 
present in 10% of complications, followed by meningi-
tis3. Normally, CSF leakage can be treated using two 
strategies: the first one consists in changing the CSF 
pressure, which can be achieved by changing the pa-
tient position, decreasing the subarachnoid pressure 
by shunting with a catheter or increasing the epidural 
pressure with a drain or a blood patch. The second 
strategy consists on direct closure with suture or with 
a water sealant, including dural substitutes8. Several 
autologous materials have been used to prevent or 
treat CSF leakage, including fat9, pericranium, liga-
mentum nuchae, or fascia lata muscle10. In this case, 
a duroplasty was performed with a T incision in the 
dura to facilitate closure of the dura, and a cervical 
muscle fascia graft was placed. Zhao et al. (2020) re-
ported in a retrospective study the use of a similar 
technique in patients operated for tumors of the pos-
terior fossa, finding a lower incidence rate in infections 
and CSF leakage11. Arnautovic and Kovacevic (2016) 
used abdominal autologous fat graft for CSF leakage 
caused by intradural tumors with no relapses, still, a 
fibrin glue must be applied to ensure the efficacy of 
the technique12. In this case, we used a cervical mus-
cle fascia graft to patch the defect. Furthermore, in-
verted stitches with Ethibond 5-0 were performed, 
leaving the knots within the subdural space and no 
transoperative or post-operative CSF leakage was 
seen.

Ethibond is a braided, non-absorbable suture made 
up of heavy chains of polybutylate-coated polyester 
molecules, which gives it good mechanical properties 
and less risk of tissue reactions. However, the use of 
Ethibond in this type of surgery is controversial; several 
cases of adverse reactions have been reported, some 
as severe as osteolysis13 and in experimental models, 
compared with FiberWire and polypropylene monofila-
ment, Ethibond caused the most inflammatory reaction 
at the muscle and tendon level in the first 3  weeks, 
however, after 6 weeks, had the least tissue reaction14. 
Literature regarding the use of this suture in spine sur-
gery is scarce. Sutipornpalangkul and Thanapipatsiri 
(2013) reported few complications with the use of this 
material in C1-C2 fixation and fusion, even in patients 
with rheumatoid arthritis15. In our experience, we have 
not presented any complications with the use of this 
type of suture in the past.

Figure 4. Arrangement of the screws and the suture in 
the laminoplasty performed.
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Although dumbbell schwannomas are relatively un-
common, the present case is relevant due to an un-
usual presentation with occipital neuralgia followed 
by upper extremity weakness. Furthermore, when a 
laminoplasty or laminectomy is carried out, the spine 
should be stabilized. On the other hand, we were 
unable to find any other report with muscle fascia 
grafting and inverted stitches for duroplasty. In this 
case, we did not observe any CSF fluid leakage 
during hospitalization and afterward. We consider that 
in our technique, using inverted stitches, we can pre-
vent CSF leakage. Furthermore, the cost of the sur-
gery is reduced using muscle fascia from the patient 
instead of cervical dural substitutes. Yet, this is the 
1st  time this technique is used in a patient, we con-
sider it as a potentially useful and safe procedure for 
the treatment of cervical dura defects secondary to 
intradural tumors.

Conclusions

Occipital neuralgia is an uncommon form of head-
ache that should rule out secondary causes. Dumbbell 
schwannomas at C2 level can be treated successfully 
with a total excision of the tumor and spine stabilization. 
Muscle fascia graft, duroplasty in T, and inverted stitch-
es can be a safe technique for dura defects at this 
level.
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On September 19, 1985, at the General Hospital of 
Mexico “Eduardo Liceaga,” a new day had begun and 
all the staffs began their activities without stopping, in 
the operating rooms, the alarms of the monitors were 
heard, the expulsion rooms receiving new life and in 
some saying goodbye to others. The medical, para-
medical, administrative, and student staff came to work 
with enthusiasm, all without knowing what would hap-
pen that day. The Hospital occupied an area of 
115,000 m2,1 being its general director Dr. Rodolfo Díaz 
Perches2.

That same morning at approximately 7:17:47 am, 
there was an earthquake with an epicenter in the Pa-
cific Ocean, off the coast of Michoacán. Its magnitude 
was initially estimated at 7.5, although it later turned out 
to be a magnitude of 8.1 on the Richter scale.

Its impact was felt in the central part of today’s Mex-
ico City (CDMX) and in the states of Michoacán, Guer-
rero, and Jalisco, and to a lesser extent in Colima.

The earthquake had particular characteristics since, 
in addition to its magnitude, there were effects on the 
radiation pattern of the seismic source during its 
duration. The first gave rise to a focusing effect of the 
released energy that spread directly to CDMX, located 
400  km from the epicenter, in <2  min. Its duration, 
estimated at 90 s, made possible the accumulation of 
resonance effects, produced by the lacustrine sedi-
ments of the Valley of Mexico Basin. In addition, abnor-
mally, the earthquake had among its multiple after-
shocks, one that reached a magnitude of 7.5°, on 
September 20 at 19:37:13 local time (01:37:13 UTC). In 

CDMX, the areas that most strongly felt the effects of 
the movement were the center of the city, as well as 
the delegations, Benito Juárez, Venustiano Carranza 
and Cuauhtémoc, just the latter where the General 
Hospital of Mexico is located3.

Inside the General Hospital of Mexico “Eduardo 
Liceaga,” a horror story was lived; in it, there were sev-
eral modifications that had been made some time be-
fore, it presented two main sets, an old one made up 
of one or two-story buildings, and a recent one, made 
up of the six-story Obstetrics and Gynecology Unit, with 
222 census beds; 22 intensive care and recovery, 132 
cradles registered; and the 8-storey medical residence 
with 56 rooms with four beds each, that day due to the 
earthquake these two buildings collapsed (Fig. 1).

The earthquake caused significant losses and dam-
age to the institution’s facilities and infrastructure. 
The most regrettable of these losses is, without a 
doubt, that of a group of doctors, nurses, paramedi-
cal, and administrative personnel who died in the line 
of duty (Fig. 2).

At the time of the collapse of the obstetrics and gy-
necology unit, there were 385 people, 155 adults died, 
26 were rescued alive, and 47 were reported missing. 
In the facilities, there were 157 newborns, 94 of them 
dying, and 63 being rescued alive. About 64% of the 
people who lost their lives in that unit. In the building 
that corresponded to the medical residence, there were 
86 residents of whom 46 died (53%) and 40 were res-
cued alive. This represents a total of 295 people dead, 
129 rescued, and 17 missing.
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The rescue was a primary activity, causing great 
hopes of finding survivors, but these diminished as the 
hours passed. The rescue maneuvers took approxi-
mately 20 days, since it became difficult to remove the 

debris from the collapsed buildings (Fig. 3). During the 
first 48  h, the greatest number of survivors was res-
cued. Two doctors were rescued on the 5th and 7th days, 
one newborn on the 7th day, who unfortunately died of 
pulmonary hemorrhage, and another on the 9th  day, 
who survived without complications. Furthermore, 
during these days, 295 bodies were rescued4,5.

The media from all over Mexico and even from the 
United States and other countries devoted a few hours 
or a few pages to report on this terrible event.

In the magazine Proceso, in its number 465 of Sep-
tember 30, 1985, the following title was read: “Mexico 
in shock a present in ruins” (Fig. 5), in the same month, 
the Times magazine that is published weekly in the 
United States put on its cover: “Mexico’s killer quake” 
(Fig. 4), the newscasts reported in hourly programs the 
situation that had been experienced since the beginning 
of the earthquake.

This earthquake had a great impact both economi-
cally and socially, since numerous “epidemics” of de-
pression, collective psychosis, post-traumatic stress, 
and violently neurotic attitudes were reported, which 
required the intervention of more than 1000 trainers 
from the Coordination of Psychiatry and Mental Health 
of the Mexican Institute of Social Security, something 
unimaginable for those who did not experience it. The 
General Hospital immediately lost the availability of 
1657 beds, of which 1300 were later rehabilitated in 
approximately 6  months; the outpatient service sus-
pended its work for 50  days and the hospitalization 
service for 120  days. Not only that, areas such as 
teaching and research were also affected; of which to 
date have been recovered thanks to the commitment 
and responsibility that the teaching department 
showed by continuing with the specialty programs 
despite the loss of part of its staff, positioning itself 
among the best health institutions in Mexico with more 
of 6000 people, forming a multidisciplinary team that 
seeks quality and continuous improvement in care, 
incorporating and perfecting specialized medical care 
procedures. Despite all of the above, there is some-
thing that the “Eduardo Liceaga” General Hospital of 
Mexico lost and that it will be impossible to repair: the 
lives of all the staff, patients, and relatives who had a 
“home” within it.

During this period, Mr. Miguel de la Madrid was 
president of the Mexican Republic; the hospital was 
facing problems of lack of money. Days after the 
earthquake there was a rumor that the hospital would 
be closed, so on October 22, 1985 a march was held 
with more than 5,000 workers including patients to 

Figure 2. General Hospital of México “Eduardo Liceaga.”

Figure 3. General Hospital of Mexico “Eduardo Liceaga.” 
Personal collection Dr. Raúl Cicero Sabido.

Figure 1. Medical residencie General Hospital of Mexico 
“Eduardo Liceaga.”
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the official residence of “Los Pinos”. President Miguel 
de la Madrid offered to restructure the hospital imme-
diately. The day after the march the reconstruction 
began and by early 1986 work was being done regu-
larly throughout the hospital. In mid-1986 the new 
director was appointed Dr. José Kuthy Porter who 
finished the reconstruction of the hospital, but did not 
achieve its reequipment6.  But not only the hospital 
had losses of this magnitude; the total damage was 
estimated at 8 billion US dollars: 250,000 homeless, 
900,000 victims and rescue work lasted for more than 
a month. The removal of the debris lasted until ten 
years after the quake7.

Thirty-seven years after this natural phenomenon, as 

a tribute to the deceased and with the aim of continuing 

with the civil protection protocols in this type of phenom-

enon, a collection of images was made, through which 

some will remember what happened and the new gen-

erations will know the magnitude and significance of the 

disaster.
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