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| Abstract |

Introduction: Even though exacerbations are the main cause of emergency
consultation in patients suffering from lung diseases, erythrocyte
parameters are not assessed in their prognosis. Thus, determining the
implications of erythrocyte parameters might contribute to define the
usefulness of phlebotomy or red blood cells transfusion in these patients.

Objective: To establish a possible relationship between the different
hematocrit levels with a 30-day prognosis in patients admitted with
exacerbated chronic lung disease and hypoxemia.

Materials and methods: A study based on a 30-day follow-up
was conducted. Variables were described using an additional
categorization by hematocrit levels and an adjustment in a
multivariate model through logistic regression.

Results: Follow-up was completed for 110 Patients. The frequency of
anemia was 7.3% and of erythrocytosis, 14.5%. A significant association
to the outcome using Anthonisen score (OR=10.45,95%CI: 1.11-98.48,
p=0.04), hypertension (OR=11.02, 95%CI: 1.32-91.75, p=0.026)
and heart failure (OR=0.09, 95%CI: 0.01-0.82, p=0.032) was found.

Conclusion: This research could not determine any relationship
between erythrocyte parameters and prognosis of patients suffering
from pulmonary diseases; nevertheless, extreme values of hematocrits
tended to have adverse outcomes.

Keywords: Polycythemia; Lung Diseases; Phlebotomy (MeSH).

Galindo JL, Granados CE, Galeano AC, Callejas AM, Sanchez VL.
Secondary erythrocytosis due to hypoxemia as prognosis in exacerbated
chronic pulmonary diseases. Rev. Fac. Med. 2016;64(3):485-91. English.
doi: http://dx.doi.org/10.15446/revfacmed.v64n3.52488.

| Resumen |

Introduccién. Aunque las exacerbaciones de las neumopatias
cronicas son las principales causas de consulta a urgencias de los

pacientes que las padecen, los parametros eritrocitarios no son
evaluados en su pronostico. Por tanto, determinar las implicaciones
de los parametros eritrocitarios podria ayudar a definir la utilidad
de la flebotomia o la transfusion de eritrocitos en estos pacientes.

Objetivo. Establecer si hay relacion entre los distintos niveles de
hematocrito con prondstico a 30 dias en pacientes con neumopatia
cronica exacerbada e hipoxemia.

Materiales y métodos. Estudio de seguimiento a 30 dias. Se realiz6
la descripcion de las variables con una categorizacion adicional por
niveles de hematocrito y un ajuste en un modelo multivariado por
regresion logistica.

Resultados. Se completdé el seguimiento en 110 pacientes. La
frecuencia de anemia fue de 7.3% y de eritrocitosis de 14.5%. Se
encontrd asociacion significativa al desenlace con la clasificacion
Anthonisen (OR=10.45, IC95%: 1.11-98.48; p=0.04), hipertension
arterial (OR=11.02, 1C95%: 1.32-91.75; p=0.026) y falla cardiaca
(OR=0.09, IC95%: 0.01-0.82; p=0.032).

Conclusién. Este estudio no pudo determinar relacion alguna entre los
parametros eritrocitarios y el prondstico de pacientes con enfermedades
pulmonares crénicas; sin embargo, hubo una tendencia a que los
valores extremos del hematocrito presentaran desenlaces adversos.

Palabras clave: Policitemia; Enfermedades pulmonares; Flebotomia
(DeCS).

Galindo JL, Granados CE, Galeano AC, Callejas AM, Sinchez VL.
[Eritrocitosis secundaria a hipoxemia como prondstico en neumopatias
cronicas exacerbadas]. Rev. Fac. Med. 2016;64(3):485-91. English. doi:
http://dx.doi.org/10.15446/revfacmed.v64n3.52488.

Introduction
Chronic lung diseases are common and their exacerbations are the

main cause of consultation in the emergency department since they
impair the quality of life of patients (1-3). In chronic obstructive
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pulmonary diseases, exacerbations account for 25% of the causes of
dyspnea in the emergency room and represent 500 000 to 726 000
hospitalizations annually in the United States, generating 25-30%
of the costs related to this pathology (1,2,4).

Different variables have been decisive for the prognosis of
exacerbations; however, despite the pathophysiological correlation
between chronic lung diseases with hypoxemia and erythrocytosis
development, red blood cell parameters have not been evaluated as
predictors of these events (2,5).

Erythrocytosis could affect the prognosis of an exacerbation
by altering the microvascular rheology of patients and decreasing
tissue perfusion and cardiac output (6,7). In long-term observations,
anemia has been identified as a factor involved in the development of
adverse events in patients with stable chronic lung disease, whereas
erythrocytosis has shown its inference on a better prognosis (8-11).

Determining the virtual implications of red cell parameters in
patients with pulmonary exacerbations could help defining the
particular use of measures such as phlebotomy or red blood cell
transfusion.

Currently, phlebotomy remains a measure of regular use in
clinical practice, as it is economical and easy to perform; nonetheless,
specifications around its technique are variable in studies and in usual
clinical practice (7,12). There are limited data on its usefulness, as
there are no works on proper methodology to evaluate its effectiveness
(13-17). Therefore, there is a big gap in the state of the art, which
indicates the need to expand clinical research to achieve a better
characterization of the risk and the need for treatment of secondary
erythrocytosis in stable and exacerbated chronic lung disease.

This study aimed to determine whether there is a relationship
between the red cell prognostic parameters and adverse outcomes at
30 days in patients admitted under the diagnostic impression of an
exacerbated chronic lung disease and secondary hypoxemia.

Materials and methods
Study design

An observational study of a single prospective cohort was performed
considering the patients admitted to Fundacion Hospital San Carlos
between March 2011 and October 2011 with a diagnostic impression
of exacerbated chronic lung disease and secondary hypoxemia, as
unit of analysis.

The selection of the cohort was done in order to determine
prognostic factors (at 30 days of admission) related to hospital stay,
need for mechanical ventilation, need for transfer to intensive care
unit (ICU), rehospitalization and death. Demographic, clinical and
paraclinical variables supported in the literature were included.

Patients

Patients over 18 years of age, with a history of chronic lung disease,
hypoxemia at admission and diagnostic impression of exacerbation
of, infectious or non-infectious, chronic lung disease were selected.
Patients were required to have lived in Bogota at least in the last six
months to avoid variations in erythrocyte indices.

The following operating variables were established as admission
and results analysis criteria:

1. The term chronic lung disease referred to chronic obstructive
pulmonary disease, diffuse interstitial lung disease, asthma or
obstructive sleep apnea/hypopnea syndrome of more than three
months of evolution, established by any of the following events:

specific reference of the diagnosis by the patient or relative,
diagnostic documentation prior to evaluation by a pulmonologist or
internist, abnormal lung function tests compatible with the diagnosis
of the disease, or daily use of inhalers or theophylline for more than
three months.

2. Anemia was defined as hemoglobin values below 13 g/dL in
men and 12 g/dL in women, according to normality data recorded
for Bogotéa and Quito (18,19).

3. Erythrocytosis was established based on hematocrit values higher
than 50% in women and 55% in men (18,19).

Patients with congenital heart disease, for whom diagnosis of
exacerbation of lung disease was discarded at discharge, and those who
did not wish to participate in the study were excluded from the study.

To define the entry of each individual to the study, the patient or
caregiver was asked to sign an informed consent during the initial
interview for authorization to collect data, accessing medical
records, follow-up at 30 days and processing the information
obtained.

Study assessments

After checking the study entry criteria and obtaining the authorization
of the patients or caregiver for inclusion, we proceeded to collect
information through a survey to patients during their hospital stay.
Demographic and clinical data were obtained directly from patients
or their relatives, and were verified using the medical records, from
where information about paraclinical was also extracted. In the
event that the patient underwent phlebotomy, blood count values
at admission and the last blood count obtained after the last blood
collection were taken for comparison.

The survey was completed by telephone at 30 days after
admission to hospital in order to assess the outcome. Data were
collected and tabulated in Microsoft Access 2010 and SPSS v19
was used for conducting statistical analysis. These information
handling procedures were verified, each and in full, ensuring that
no inconsistencies or missing data were found. At each step, the
fulfillment of the criteria for inclusion and exclusion was verified.

Outcome measures

The outcome variable was a composite between death, length of
hospital stay in floors, need for invasive or non-invasive ventilatory
support, need to transfer to ICU and rehospitalization, provided
that they were associated with chronic lung disease. The evaluation
began the day of admission of the patient to the institution until day
30 of follow-up.

Statistical analysis

Knowing, based on the studies published in the literature, that
patients with chronic lung diseases have an 11% rate of mortality,
11.6% probability of readmission, 25% probability of admission to
ICU, and 3% probability of requiring mechanical ventilation due
to exacerbation, the risk of a combined outcome for the study was
defined in at least 25%.

Guided by the value of prognostic factors evaluated during
exacerbations, it is assumed that the presence of erythrocytosis may
increase or decrease the risk twice for the combined outcome.

A sample of 122 subjects was estimated at two tails in Stata 9.1,
finding an expected risk difference of 25% and a power of 80%,
assuming an error o of 5%.
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In order to determine the normality assumption, the Kolmogorov-
Smirnov test was performed for univariate analysis of quantitative
variables. Depending on the outcome, the abnormally distributed
variables were reported by their median and interquartile range,
while those presenting normal distribution were reported by their
mean and standard deviation. The qualitative variables were
reported as absolute and relative frequencies.

In addition, the distribution of variables was stratified by sex
and hematocrit value, which was categorized into three groups
according to the 25th and 75th percentiles of the distribution.

For bivariate analysis, the Mann-Whitney U test was performed.
It differentiates the medians of independent samples in the analysis
of quantitative variables that do not follow a normal distribution
with the dependent variable. To establish the association between
the independent qualitative variables and the dependent or outcome
variable, the Chi square test of independence (X?) was used along
with the Mantel-Haenszel method. If the expected frequencies were
less than five cases, the Fisher’s exact test was used. The odds ratio
(OR) and confidence intervals were calculated through StatCal in
Epilnfo 3.5.1.

To perform a multivariate analysis using the logistic regression
method, those statistically significant variables associated with the
outcome (p<0.25) were selected, and the Hosmer and Lemeshow
test was used as calibration criterion.

Results

Between March and October 2011, a cohort of 128 patients
was selected, out of which 110 met the inclusion and follow-up
criteria proposed for the study. The collection of the sample was
interrupted between June and August 2011 due to issues in the
attention of users in the institution, which affected the admission
of patients.

The cohort was composed by subjects with a minimum age of 43
and a maximum age of 90, for a median of 73.5 years; the interquartile
range was 62.5 to 84.5 years of age. 56.2% of the participants were
female and the female:male:ratio was 5:4 (Table 1).

Table 1. Demographic, clinical and paraclinical characteristics of patients

included in the study.

Variable

Demographic characteristics

Age 73.5(11) *
Female 62 (56.4)
Male 48 (43.6)

Type chronic lung disease

Chronic obstructive pulmonary disease 95 (86.4)
Diffuse interstitial lung disease 3(2.7)
Asthma 9(8.2)
Do not know/no opinion 3(2.7)

Comorbidities

Arterial hypertension 76 (69.1)

Diabetes mellitus type 2 18 (16.4)

Heart failure 25(22.7)
Ischemic heart disease 4 (3.6)
Cerebrovascular disease 3(2.7)

487
Smoking 46 (41.8)
Short-acting B-agonists 93 (84.5)
Long-acting 3-agonists 5 (4.5)
Short-acting anticholinergic 80 (72.7)
Long-acting anticholinergic 3(2.7)
Inhaled steroids 67 (60.9)
Chronic systemic steroid 17 (15.5)
Methylxanthines 26 (23.6)
Home oxygen 53 (48.2)

Clinical variables

| 36 (32.7)
Functional class (NYHA) ! w2l
LI} 22 (20)

v 327

History of phlebotomy 5 (4.5)
1 54 (49.1)
Anthonisen classification 2 31(28.2)
3 25 (22.7)

Paraclinical variables at admission

Pa02/Fi02 218.45 (50) *
PaC02 (mmHg) 35.65(9.3) *

Hematocrit 45.15 (8.42) *
Hemoglobin (g/dL) 14.8(2.7) *

Total erythrocyte count 4.910000 (1.010000) *

Complications during hospital stay

Acute coronary syndrome 5 (4.5)
Nosocomial infection 1(0.9)
Thromboembolism 1(0.9)

Other 1(0.9)

Length of hospital stay (days) 6.5 (4) *
Ventilatory support (invasive and/or non-invasive) 2(1.8)
Transfer to intensive care unit 5 (4.5)
Re-hospitalization 11 (10)

Death 5 (4.5

* Median (interquartile range). Source: Own elaboration based on the data
obtained in the study.

The diagnosis of chronic lung disease was the most common chronic
obstructive pulmonary disease (86.4% of the cohort) followed by asthma
and interstitial lung disease. Asthma cases had an exclusive distribution
in women. Overall, 3 out of 4 patients had NYHA functional class I or
11, being the functional class IV the most uncommon.

The most frequently used medications were short-acting
bronchodilators, and their combination was the most common
association, followed by association with inhaled steroids. While the
minority of patients had a severe functional class (IV), the use of long-
acting bronchodilators was limited to only five cases, compared with
the more extensive use of methylxanthines. There was no difference
between sexes regarding the type of prescription medications. 48%
of patients used home oxygen at the time of the study; indications
for initiation and permanence with this treatment were not evaluated.
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The presence of comorbidity was high, especially in women; among
them, hypertension was the most prevalent comorbidity, followed by heart
failure and diabetes mellitus type 2. Almost half of patients had a history
of smoking and it was two times higher in men compared to women.

Regarding the severity of the exacerbation, all patients presented
hypoxemia at admission, and the central tendency was no hypercapnia
in accordance with the values of pCO2 accepted as normal for Bogota.
After assessment of the severity using Anthonisen criteria, 54% were
classified in type 1.

During hospital stay, eight cases presented complications, four of
them showed one of the outcomes assessed at 30 days, and only one
included death. The most common outcome was rehospitalization,
which occurred in 10% of the cohort; this coincides with data
reported in the literature.

Erythrocyte parameters showed an overall predilection of being
within normal values, with a median of 45.15% and an interquartile
range of 8.42% for hematocrit. The frequency of anemia was 7.3%,
while the presence of erythrocytosis was identified in 14.5% of the
population, with a similar distribution between the sexes.

When assessing the data by dividing the sex distribution and
the hematocrit levels in the 25th and 75th percentiles (Table 2) in
order to debug the virtual relationships of the different levels of red
cell parameters with the characteristics of the cohort, no relationship
between hematocrit values and NYHA functional class of patients, nor
between severity of exacerbation according to the criteria of Anthonisen
was evident. Nevertheless, there was a tendency to lower PaO2/Fi02
and higher pCO2 in the presence of higher levels of hematocrit at
admission.

No relationship between a history of use of home oxygen and
hematocrit values was found.

At admission, five patients had a history of phlebotomy and
hematocrits were located preferentially in the last interquartile or
near this range. In only one case phlebotomy was repeated.

Regarding the outcomes, there was a predilection to higher length
hospital stay in the presence of lower levels of hematocrit. Other
outcomes did not appear to have any relation to hematocrit levels,
although no deaths were recorded in the group of patients with the
highest levels of hematocrit.

The variables in the bivariate analysis that were statistically
significant to be included in the multivariate analysis were age,
history of hypertension, history of heart failure, use of short-acting
anticholinergics, home oxygen, type of Anthonisen and hematocrits
at admission, being blood pressure the factor with the greatest weight
(Table 3).

Regarding red blood cell parameters, a tendency to have a
protective effect when located in the core values of hematocrit against
extreme values, this difference did not show a statistical significance.

The multivariate analysis found an association with the development
of the composite outcome in the Anthonisen classification, paradoxically,
being the association with type 2 (OR=10.45, 95%CI: 1.11-98.48; p=0.04)
higher when compared with other types. Hypertension continued to
be the factor with the strongest association (OR=11.02, 95%CI: 1.32-
91.75; p=0.026) and a history of heart failure acted as a protective factor
(OR=0.09, 95%CI: 0.01-0.82; p=0.032) in an unexpected and difficult
to understand association from the clinical and pathophysiological point
of view (Table 4).

Only three of the patients underwent phlebotomy, and its indication
included the hematocrit value in all cases, regardless of the clinical
presentation. Blood volumes extracted and the number of sessions
were variable in each of the procedures and did not correlate with the
magnitude of change in the red blood cell values in the subsequent

blood count control (Table 5). None of these patients presented any
of the outcomes assessed at 30 days.

Discussion

This study attempted to establish the relationship between red
blood cell parameters and the development of adverse outcomes
at 30 days in patients with exacerbated chronic lung disease. The
results showed that exacerbations of chronic lung diseases afflicted,
with very little difference in frequency, both men and women and
appeared at similar ages, without any difference in the severity of
the disease, although comorbidities are more often associated with
women. In Colombia, short-acting bronchodilator and inhaled
steroids remain the mainstay of treatment; although, despite
guideline recommendations for management of chronic obstructive
pulmonary diseases, only a few cases of patients receive long-acting
bronchodilator (20).

Of the outcomes assessed in this cohort at 30 days, mortality,
the need for ventilatory support and transfer to ICU presented in
a very low proportion to the expected compared to previously
reported data; the only outcome that showed a similar frequency to
that reported in the literature was rehospitalization in 10% of cases
(5,21,22). Erythrocytosis frequency was 14.5%, being higher than
that reported in other cohorts (8-10).

There are several observations that have found a worse prognosis
of mortality and need for hospitalization in patients with lower red
cell mass compared to those with higher values (9,10,12). The
prognostic value of this variable in the exacerbation has not been
evaluated to date.

Since the NYHA functional class and the use of medications
did not differ due to hematocrit levels, erythrocyte parameters in
this cohort did not appear to have any relation to the severity of
chronic lung disease in patients. On the other hand, the presence
of the exacerbation did not differ according to the Anthonisen
criteria, but did show a trend to greater affectation of oxygenation
and hypercapnia in the presence of higher hematocrit levels.
Adverse outcomes were more likely to occur at the extremes of
the distribution of hematocrit values, also with longer hospital stay
when hematocrit values were lower.

The multivariate analysis did not include erythrocyte parameters
given the lack of statistical significance of the data provided by
these variables with the outcome.

The variables that were statistically significant showed some
unusual associations, particularly with the Anthonisen classification
and the presence of a history of heart failure, the latter being a
protective factor, without defining a coherent explanation for this
finding and without any publication report with a similar result
that could be used to infer that protective effect. By contrast, other
prognostic factors found to be related with exacerbations in other
studies, such as age, use of home oxygen, the presence of signs of
respiratory distress at admission, the number of Anthonisen criteria
present and blood gases, could not be validated in this cohort
(2,5,22,23,24).

Phlebotomy was performed in only three patients; indications
focused on the hematocrit value and the technique used was variable
in each case without having a direct relationship between the volume
of blood extracted and the change of red cell values, in fact, in one
patient no changes were seen. These data, although scarce, revalidated
the limitation on the approach to a patient with erythrocytosis in the
emergency room, as well as the absence of protocols that clarify the
possible indications and phlebotomy techniques.
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Table 2. Clinical and paraclinical characteristics of patients included in the study by sex and hematocrit levels in percentiles.

Hematocrit (women) Hematocrit (men)
(T e <40.96% | 40.96-46.63% | >46.63% <asen | azzesazsme [ oo
(n=15) (n=32) (n=15) (n=12) (n=24) L=
Age 75.47 (7.84) + 73(19) * 70.73 (9.97) t 755 (7.18) t 70.83 (8.63) t 74 (9) *

Type of chronic lung disease

Chronic obstructive pulmonary disease 12 (80) 26 (81.3) 12 (80) 11(91.7) 22 (91.7) 12 (100)
Diffuse interstitial lung disease 1(6.7) - - - 2(8.3)
Asthma 1(6.7) 5(15.6) 3(20) - -

Comorbidities

Arterial hypertension 13 (86.7) 25(78.1) 10 (66.7) 6 (50) 14 (58.3) 8 (66.7)
Diabetes mellitus type 2 5(33.3) 4(12.5) 3(20) 1(8.3) 3(12.5) 2(16.7)
Heart failure 5(33.3) 8(25) 4(26.7) 3(25) 3(12.5) 2(16.7)
Ischemic heart disease 1(6.7) - - 1(8.3) 2(8.3)
Cerebrovascular disease 1(6.7) 2(6.3) = = =
Smoking 3(20) 5(15.6) 7 (46.7) 8 (66.7) 17 (70.8) 6 (50)

Use of medication

Short-acting [3-agonists 12 (80) 28 (87.5) 15 (100) 11(91.7) 17 (70.8) 10 (83.3)
Long-acting B-agonists 1(6.7) 2(6.3) - - 2(8.3)
Short-acting anticholinergic 10 (66.7) 22 (68.8) 14 (93.3) 9 (75) 16 (66.7) 9 (75)
Long-acting anticholinergic - 1(3.1) - - 2(8.3)
Inhaled steroids 9 (60) 19 (59.4) 9 (60) 8(66.7) 13 (54.2) 9 (75)
Systemic steroid 3(20) 5(15.6) 1(6.7) 3(25) 5(20.8) -
Methylxanthines 2(13.3) 5 (15.6) 5(33.3) 4(33.3) 8(33.3) 2 (16.7)
Home oxygen 5(33.3) 11 (34.4) 8(53.3) 9 (75) 13 (54.2) 7(58.3)

Clinical variables

| 2(13.3) 13 (40.6) 6 (40) 3 (25) 8(33.3) 4(33.3)
e s (T Il 8(53.3) 12 (37.5) 4(26.7) 8 (66.7) 12 (50) 4(33.3)
1] 3(20) 7(21.9) 4(26.7) 1(83) 3(12.5) 4(33.3)
v 2(133) - 1(6.7) = -
History of phlebotomy - - 1(6.7) - 2(8.3) 2(16.7)
1 8(53.3) 15 (46.9) 8(53.3) 5(41.7) 11 (45.8) 7(58.3)
Anthonisen classification 2 6 (40) 11 (34.4) 3(20) 3(25) 7(29.2) 1(8.3)
3 1(6.7) 6(18.8) 4(26.7) 4(33.3) 6 (25) 4(33.3)

Paraclinical variables at admission

Pa02/Fi02 228.57 (58.68) * 215.57 (36.61) * 214.29 (66.67) * 235.78 (88.09) 1 225.22 (36.89) t 208.59 (40.06) t
PaC02 (mmHg) 34(5.3) * 34.27 (6.64) t 39.69 (5.85) t 35.9(11.5) * 37.92 (9.04) t 40.72 (9.48) t
Hemoglobin (g/dL) 123(2.1)* 14.23(0.82) t 16.5(3.1) * 13.32(1.26) t 16.1(1.12) t 19.21 (1.86) t
Tl e G 4.196666.67 4.764375 5.916000 4.483333.33 5.303333.33 6.1 50000*
(448117.75) t (288633.46) t (926882.64) t (316696.97) t (439066.86) t (922500)
Length of hospital stay (days) 6(4)* 7.06 (3.36) t 6.93 (2.94) t 8(5* 717 (3.42) t 7311
Ventilatory support (invasive and/or non-invasive) - - - 1(8.3) 1(4.2) -
Transfer to intensive care unit - - 2(13.3) 1(8.3) 2(8.3) -
Rehospitalization - 2(6.3) 2(13.3) 2(16.7) 2(8.3) 3(25)
Death 1(6.7) 3(9.4) - 1(8.3) - -

* Median (interquartile range)
1 Mean (standard deviations)
Source: Own elaboration based on the data obtained in the study.
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Table 3. Bivariate analysis of prognostic factors for the composite outcome.

Sex
Age
Use of short-acting B-agonists

Use of long-acting [3-agonists

Use of short-acting anticholinergic

Use of long-acting anticholinergic

Use of inhaled steroids

Use of systemic steroids

Use of methylxanthines
Home oxygen use

History of hypertension

History of diabetes mellitus type 2

History of heart failure

History of ischemic heart disease

History of cerebrovascular disease

Smoking

Functional class

\%
1
Anthonisen
o 2
classification
3
History of phlebotomy
Pa02/Fi02

PaCO2 (mmHg)
Hematocrit
25th percentile
25th-75th percentile
75th percentile
Hemoglobin (g/dL)
Total erythrocyte count
NA: Not applicable.
* X2 Mantel-Haenszel method

1 Mann Whitney U test
1 Fisher.

= .
(95%Cl)
1.81 (0.56-5.99) 0.27*
NA 0.019 t
1.33(0.25-9.43) 1%
1.4 (0.23-8.59) 0.55
6.69 (0.85-142.12) 0.064 ¥
0.00 (0.00-14.2) 14
0.59 (0.18-1.94) 0335~
1.32 (0.26-5.94) 0.71 %
1.58 (0.42-5.71) 0.52 %
2.72 (0.79-9.86) 0.076 *
8.11 (1.04-171.86) 0.02 %
0.70 (0.1-3.73) 14
0.19(0.01-1.54) 0.1%
0.00 (0.00-9.68) 14
3.07 (0.00-47.79) 0.378 %
1.10 (0.33-3.58) 0.866 *
1.28 (0.37-4.31) 0.66 *
0.99 (0.3-3.22) 0.98 *
0.91 (0.18-3.95) 1%
0.00 (0.00-14.22) 14
0.74 (0.24-2.53) 0.64 *
3.52 (1.05-11.84) 0.029 *
0.22 (0.01-1.76) 0.18%
0.00 (0.00-7.29) 14
NA 0.274 t
NA 0321t
NA 0219t
1.03 (0.25-3.93) 14
0.71(0.22-2.32) 0.53 *
1.49 (0.40-5.35) 053
NA 0.458 t
NA 0.448 t

Source: Own elaboration based on the data obtained in the study.

Table 4. Multivariate analysis of prognostic factors for the composite outcome.

Variables Crude OR Adjusted OR
(95CI1%) (95%Cl)
3 1

0.22 (0.01-1.76)
AECIED 2 352(1.0511.84) 1045 (1.11-98.48)
classification
1 0.74 (0.24-2.53) 3.19(0.35-28.79)

Arterial hypertension

Heart failure

Hosmer and Lemeshow test: 0.948.

8.11 (1.04-171.86)

0.19(0.01-1.54)

11.02 (1.32-91.75)

0.09 (0.01-0.82)

Source: Own elaboration based on the data obtained in the study.

0.054
0.04
0.301
0.026

0.032

Table 5. Erythrocyte parameters before and after performing phlebotomy in
the recorded cases.

Case 1 2 3
Basal Ht (%) 62.2 70 62.5
Basal Hb (g/dL) 21.8 22.8 20.9
Basal erythrocyte 7140 000 8080 000 7040 000
count (/mm3)
Amount of blood 250 1000 150
collected (cc)
Ht after phlebotomy = -4 o
(%)
Hb after phlebotomy 183 228 188
(g/dL)
Erythrocyte count after pTRAN 8140 000 6310000
phlebotomy (/mm3)
Composed outcome No No No

Ht: hematocrit; Hb: hemoglobin. Source: Own elaboration based on the data
obtained in the study.

The negative result of this study, regarding the influence of
erythrocyte parameters in the prediction of exacerbations in chronic
lung disease, may be caused by the statistical limitations of the study
because the projected calculation of the sample was not obtained
due to the difficulties for collecting data during the months in which
the Fundacion Hospital San Carlos was not fully functioning.

Also, fewer events than expected for the composite outcome
presented, which could be explained by the fact that some of the
included subjects were patients referred from other institutions in
Bogota, thus constituting a screened population for the hospitalization
pavilions with minimum probabilities of requiring intensive care
management or death, which implies a selection bias in the sample.

Since Fundacion Hospital San Carlos did not have UCI service for
most of the time when the sample collection was being performed,
there is a possibility that patients admitted to the emergency room
that required mechanical ventilation were sent to another institution
before they could be included in the study. It is also probable that there
were cases of patients with exacerbation who died during hours not
available for sample collection and, therefore, could not be included.

Another limitation of the study was establishing definitions
accepted for inclusion criteria and data analysis. The definition
of chronic lung disease that was coined sought to be sensible,
considering that few patients have pulmonary physiology studies and
that some of those who actually had them were not available at the
time of the survey or follow-up. This is why the diagnosis reported by
the patient and relatives was chosen, making it difficult to determine
which patients actually had a chronic lung disease and which type.

The difficulty in establishing the definition of hypoxemia,
anemia and erythrocytosis is also relevant because normal values
for Bogota differ from those accepted at sea level, where most
definitions are validated. For this, oxygen saturation was chosen
considering the dissociation curve of hemoglobin and the values of
red blood cell parameters of studies that have determined normal
values in high altitudes (18,19).

Determining which patients had chronic hypoxemia at admission
was difficult because, in most cases, there were no data, and for
those who received home oxygen its indication was unknown.

The results suggest the need for further studies to clarify the
relevance of erythrocyte parameters in exacerbations of chronic
lung disease, both at sea level and in populations located at higher
altitudes, as in this case.
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The usefulness of phlebotomy in patients with erythrocytosis
in this context remains uncertain, as well as the extrapolation
of hematocrit values relevant to Bogota. Studies that include
phlebotomy in the prognosis of exacerbation should also evaluate
the proper adherence to treatment, including supplemental oxygen
as a primary factor to prevent recurrence of erythrocytosis.

In conclusion, this study could not determine a statistically
significant association between red blood cell parameters and prognosis
of patients with exacerbation of chronic lung disease; however, there is
a tendency for extreme values to have adverse outcomes.
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