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ABSTRACT

Objectives: This study aims to investigate whether perfusion index (PI) values, which are measured non-
invasively, affect emergency management, especially in hospitalization and discharge decision in patients with
Chronic Obstructive Pulmonary Disease (COPD).

Methods: Patients who were admitted to the emergency department of Okmeydani Training and Research
Hospital with a COPD exacerbation in 3-months period and who volunteered to participate were included in
the study. Vital parameters and PI values of the patients at the time of admission, at the first, second and third
hour of the admittance and at the time of hospitalization (in the case of hospitalization) were recorded. The
patients were treated for COPD exacerbation according to the Global Initiative for Chronic Obstructive Lung
Disease 2011 guide and the decision of discharge, hospitalization in the emergency department,
andhospitalization in the intensive care unit was taken based on the relevant guideline.

Results: A total of 57 patients were included in the study. Of the patients, 45 (78.9%) were male. The mean
age of the patients was 65.65 £ 9.90 years. There was no statistically significant difference in arrival vital
parameters and PI in terms of the gender (p > 0.05). The change between PI values at the time of admission
and the first hour in the patients admitted to intensive care unit was found to be significantly lower compared
to patients who were hospitalized in the emergency department or discharged (p = 0.035; p = 0.033). The
difference between the PI values at the time of admission and at the third hour of the follow up of the discharged
patients was found to be significantly higher compared to the hospitalized patients (p = 0.035). There was no
statistically significant difference between the arrival PI measurements in terms of the presence of comorbid
diseases (p > 0.05).

Conclusions: Considering the hourly changes, the PI values of patients admitted to the emergency department
with COPD exacerbation may be helpful in predicting the decision of discharge, hospitalization in the
emergency department or intensive care unit.
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hronic Obstructive Pulmonary Disease (COPD)

is a common, preventable, treatable, chronic and
progressive lung disease developing as due to the
chronic inflammatory process against harmful gases
and particles, particularly cigarette smoke. Inflamma-
tion is not only restricted to the lungs, but has systemic
features. COPD exacerbation and comorbidities may
affect the natural course of the disease [1, 2].

COPD is one of the most important causes of mor-
bidity and mortality worldwide. The World Health Or-
ganization (WHO) predicts that COPD, the fourth
cause of mortality in the world in 2004, will have been
the third by 2030. Within this scope, more than 90%
of morbidity and mortality in low and middle income
countries are thought to be related to COPD [3, 4].
Adequate tissue perfusion is vital in maintaining meta-
bolic processes in cells, repairing tissue and develop-
ing resistance to infectious organisms [5]. Many
clinical studies have demonstrated that early correc-
tion of tissue hypoxia in critical patients and providing
systemic oxygen support may decrease the incidence
of mortality and morbidity [6].

The perfusion index is an indirect and noninvasive
measurement of peripheral perfusion. It is calculated
with the pulse oximeter by measuring the percentage
of the pulsatile signal to the non-pulsatile signal, and
both values are obtained from the absorbed infrared
light. Perfusion index value may vary depending on
the measured area (finger, toe). In the monitoring of
peripheral perfusion, Doppler flowmeter, capillary mi-
croscopy, transcutaneous oximeter, and sublingual
capnometry can be used. However, PI measurement is
important in terms of bedside evaluation, easy appli-
cation, early detection of organ dysfunction, and early
intervention [7].

Time is of the essencein the initial resuscitation
and treatment of emergency patients. Therefore, the
use of non-invasive parameters is recommended as an
alternative approach to other methods to identify he-
modynamically unstable patients. Non-invasive imag-
ing systems are more appropriate for early
identification of hemodynamic status in emergency
patients [8].

This study aims to investigate whether non-inva-
sively measured perfusion index (PI) values in COPD
patients affect the emergency management, especially
on the hospitalization and discharge decision.

METHODS

The study was designed as a single-center,
prospective, cross-sectional, and descriptive
study.Prior to the study, ethical approval was obtained
from the Turkish Medicines and Medical Devices
Agency, Okmeydan1 Training and Research Hospital
(TRH), Planning Board of Education. The study was
conducted with the approval of OkmeydaniTRH Clin-
ical Research Ethics Committee dated 18.11.2014 and
numbered 242. The study population consisted of pa-
tients admitted to the emergency department of Ok-
meydant TRH with COPD exacerbation in 3-months
period. For the calculation of sample size we used for-
mula (n=Nt2pq/d2(N-1)+t2pq) and minimum of 50
total amount of cases found.

Patients over 18 years of age with a diagnosis of
COPD and admitted to our emergency medicine clinic
due to COPD attack and patients who agreed to par-
ticipate in the study and informed consent form signed
by the patients himself or his first degree relative at
the time of application to the emergency department
were included to the study.

Exclusion criteria of the study were when patients
under the age of 18 years old, patients who did not
agree to participate in the study and patients who
didn’t diagnosed with COPD. No patient met these ex-
clusion criteria of the study.

The patients were treated for COPD exacerbation
according to the Global Initiative for Chronic Obstruc-
tive Lung Disease (GOLD) 2011 guide and the deci-
sion of discharge, hospitalization in the emergency
department, and hospitalization in the intensive care
unit was taken based on the relevant guideline.In pa-
tients who were followed up with COPD exacerbation,
PI values at the time of admission, at the first, second,
and third hour of the admittance, and at the time of
hospitalization in the case of hospitalization were
measured by a different physician with the Masimo
Pulse Co-oximeter Rad-57 from the second, third or
fourth finger for at least 10 seconds. Vital parameters
at the time of arrival (body temperature, pulse, blood
pressure, O> saturation) as well as age, gender, the
presence of comorbid disease and used drugs written
on the triage cardwere recorded in the case report
form. Therefore, the treatment process and the deci-
sion taken about the patient (hospitalization, need for
intensive care, discharge) according to the guideline
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suggestions were recorded in the aforementioned
form.

Patients over the age of 18 who were diagnosed
with COPD and admitted to emergency department
due to COPD exacerbation, and whose voluntary con-
sent form could be signed by the patient or a first de-
gree relative at the time of emergency admittance were
included in the study. Patients under 18 and who did
not agree to participate were excluded.

Statistical Analysis

In the statistical analysis, Number Cruncher Sta-
tistical System 2007 and Power Analysis and Sample
Size 2008 Statistical Softwares (Utah, USA) were
used. In addition to descriptive statistical methods
(Mean, Standard Deviation, Median, Frequency, Rate,
Minimum, and Maximum), Mann Whitney U test was
used to compare groups having non-normally distrib-
uted parameters. Kruskal Wallis Test was used for
comparisons of three or more groups not showing nor-
mal distribution, and Mann Whitney U test was used
to determine the group causing the difference.
Wilcoxon signed-rank test was used for intra-group
comparisons of groups having non-normally distrib-
uted parameters. Fisher-Freeman-Halton test was used

to analyze qualitative data. Pearson and Spearman cor-
relation analysis was used to examine the relationships
between parameters. P < (0.05 was considered statisti-
cally significant.

RESULTS

A total of 57 participants were included in the
study. The mean age was 65.65 £+ 9.90 years, the mean
pulse rate was 102.37 £ 16.34, and the mean body
temperature was 36.92 + 0.69 °C. The most common
comorbidities were hypertension with 35.6% (n=21)
and ischemic heart disease with 33.9% (n = 20) (Table
1).

The length of stay in the emergency service ranged
from 1 to 5 hours, with a mean of 2.79 + 0.77 hours.
No hospitalization was observed in 75.4% (n =43) of
the cases, while 14.1% (n = 8) were hospitalized in the
emergency service and 10.5% (n = 6) were admitted
to the intensive care unit.

The arrival PI measurements of the cases ranged
from 0.13 to 17, with a mean of 4.56 + 3.58 (Table 2).

According to the results, pulse, systolic, diastolic
and body temperature measurements did not show sta-

Table 1. Distribution of descriptive parameters

Age (years), Mean £+ SD 65.65 +9.90
Gender, n (%)
Female 12 (21.1)
Male 45 (78.9)
Blood pressure (mmHg), Mean + SD
Systolic 147.84 +33.89
Diastolic 80.67 = 17.80
Pulse, Mean + SD 102.37 £ 16.34
Body temperature (C°), Mean + SD 36.92 +0.69
Saturation (%), Mean £+ SD 88.74+9.16
Comorbidities*, n (%)
Lung cancer 1(1.7)
Diabetes 6 (10.2)
Hypertension 21 (35.6)
Ischemic Heart Disease 20 (33.9)
Congestive Heart Failure 9(15.3)
Chronic renal failure 2(3.4)

*Multiple options are marked
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Table 2. Distribution of the length of stay,
hospitalization status and PI measurements

n Mean + SD
Arrival PI 57 4.56 £3.58
1** hour PI 57 5.65+3.48
2" hour PI 56 5.81 +£2.90
3" hour PI 36 6.00 £ 3.07
Hospitalization PI 14 5.57+3.62

tistically significant difference in terms of the age dis-
tribution of the cases (p > 0.05).

The percentage of saturation of patients without
hospitalization was found to be significantly higher
than those who were hospitalized in the emergency de-
partment and the intensive care unit (p = 0.001).

There was no statistically significant difference
between the distribution of the hospitalization results

Table 3. Evaluation according to the decision

of the patients according to gender (p > 0.05) (Table
3).

According to the arrival PI measurement, the
mean increase of 1.09in PI measurement at the first
hour was found statistically significant (p = 0.001).
According to the arrival PI measurement, the mean in-
crease of 0.68 in PI measurement at hospitalization
was not statistically significant (p > 0.05) (Table 4).

The results showed a statistically significant dif-
ference between the arrival PI measurements of the
cases (p = 0.043). According to the results of Mann
Whitney U Test conducted to determine the difference,
it was found that the arrival PI values of the patients
who were hospitalized in intensive care unit were sig-
nificantly higher than the patients hospitalized in the
emergency department (p = 0.039). There was no sig-
nificant difference between other groups (p > 0.05).

According to the arrival PI measurement of the pa-
tients, it was concluded that there was a statistically

Decision p value
No Emergency Service Intensive Care
Hospitalization Hospitalization Hospitalization
(n=43) (n=238) n=26)
Age Min-Max 50-83 58-80 51-82 0.963¢
(Median) (66) (65.5) (68.5)
Pulse Min-Max 70-140 70-130 90-130 0.193¢
(Median) (100) (107.5) (115)
SBP Min-Max 90-220 106-220 76-2010 0.931¢
(Median) (143) (129.5) (137)
DBP Min-Max 50-119 50-122 45,120 0.764¢
(Median) (80) (82.5) (75.5)
Body temperature Mean + SD 36.89 + 0.65 37.23 £0.95 36.68 = 0.55 0.438°¢
Saturation (%) Min-Max 78-98 55-96 65-87 0.001°*
(Median) (94) (85) (77) *
n (%) n (%) n (%)
Gender
Female 8 (66.7) 2 (16.7) 2 (16.7) 0.648°
Male 35(77.8) 6 (13.3) 4 (8.9)
Comorbidities
No 14 (70.0) 3 (15.0) 3 (15.0) 0.737¢
Yes 29 (78.4) 5(13.5) 3(8.1)

°Kruskal Wallis Test, Fisher Freeman Halton Test, **p < 0.01, SBP = Systolic Blood Pressure, DBP = Diastolic

Blood Pressure
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significant difference between the changes at the first
hour PI measurement (p = 0.049). According to the ar-
rival PI measurement of patients in intensive care unit,
the change in PI measurement at the first hour was
found to be significantly lower than those without hos-
pitalization and who were hospitalized in the emer-
gency department (p = 0.035). There was no
significant difference between other groups (p > 0.05).

The results demonstrated no statistically signifi-
cant difference between the changes in the second
hour PI measurement according to the arrival PI meas-
urement (p > 0.05). However, it was seen that there
was a statistically significant difference between the
changes in the third hour PI measurement according
to the arrival PI measurement (p = 0.045). In terms of
the arrival PI measurement, the change in the third
hour PI measurement of the non-hospitalized patients

was found to be significantly higher than the patients
who were hospitalized in the emergency department
(p = 0.035). There was no significant difference be-
tween other groups (p > 0.05) (Table 5).

The positive correlation between arrival PI meas-
urements and hospitalization PI measurements of the
patients participating in the study (increasing hospi-
talization PI values with increasing arrival PI values)at
%73.5 level was found to be statistically significant (r
=0.735; p=0.003) (Fig. 1).

DISCUSSION

This study aims to investigate the correlation be-
tween PI values and hospitalization and discharge de-
cision in COPD patients and to determine whether

Table 4. Evaluation of the difference between arrival PI and the first, second, and third

hour PI measurements

Perfusion Index (PI) p° value
Mean £+ SD Difference
Arrival PI (n = 57) 4.56 £3.58 -1.09 +1.98 0.001**
1°* hourPI (n = 57) 5.65+3.48
Arrival PI (n = 56) 4.34+3.19 -1.47£2.18 0.001**
2" hourPI (n = 56) 5.81 +2.90
Arrival PI (n = 36) 4.09 +3.57 -1.91+2.49 0.001**
3"hourPI (n = 36) 6.00 +3.07
Arrival PI (n = 14) 4.88 +£4.46 -0.68 £2.35 0.327
Hospitalization PI (n = 14) 5.57+3.62
‘Wilcoxon Signed Ranks Test, **p < 0.01
Table 5. Evaluation according to the decision
Decision p value
Emergency Service Intensive Care
Hospitalization Hospitalization Hospitalization
(n =43) n=28) (n=26)
Arrival P Mean £+ SD 4.46 £3.30 2.85+£2.73 7.60 +5.08 0.043¢*
Arrival-1*  Mean + SD -1.33+1.85 -1.45+1.52 1.10 £2.37 0.049¢*
hour PI
Arrival-2""  Mean = SD -1.72+2.20 -1.36 £1.25 0.18 +2.54 0.298°¢
hour PI
Arrival-3"*  Mean + SD 2724223 -0.69 = 1.64 -0.23+3.11 0.045¢*
hour PI

“Kruskal Wallis Test, *p < 0.05, **p <0.01
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Fig. 1. The Relationship between arrival PI measurement and
hospitalization PI measurement.

patients' follow-ups can be performed noninvasively.

The prevalence of COPD also increases with age.
In a study conducted by Hong ef al. [9], the mean age
of the patients with COPD in China was found to be
67.7. Nunez et al. [10] found the mean age of COPD
patients living in Europe as 66.6. In a study conducted
in our country, the mean age of patients with COPD
was found to be 63.5 [11]. In our study, the mean age
was 65.6, which is consistent with the literature.

Most studies have shown that the prevalence of
COPD in males is higher than that of females [9, 10].
However, the data obtained in developed countries
have revealed that the prevalence is almost equal be-
tween females and males, which is thought to reflect
changes in the smoking habits [12]. In our study, it was
seen that the number of males were considerably
higher than that of females. It is thought that this dif-
ference is due to the fact that smoking is more com-
mon among males in our country.

It can be seen in the literature that approximately
two out of every three COPD patients have one or
more comorbidities. These include cardiovascular dis-
eases (CVD), lung cancer, and thromboembolic dis-
eases [13]. In the study investigating comorbidity
prevalence in COPD patients, it was found that CVD
was 2 times and hypertension was 1.6 times higher
than normal population, and more hospitalization was
observed in those patients. In addition, it was observed
that the frequency of diabetes increased with COPD,
even in the mild stage [14]. In a study investigating
heart failure in patients with COPD, the frequency of

heart failure associated with coronary atherosclerosis
was found to be 20% [15]. Although COPD is an in-
dependent risk factor for lung cancer, it increases lung
cancer risk 2-5 times compared to smokers without
COPD [16]. In a cross-sectional study conducted on
514 patients with COPD in 25 centers in Turkey, at
least more than half of the COPD patients were shown
to have comorbidities. The most common comorbid
diseases were cardiovascular diseases with 30.4%,
sleep disorders with 20.2%, and hyperlipidemia with
15.8% [17]. In our study, one or more comorbid dis-
eases were found in 65% of the cases.

In hospitals, different diagnostic models have been
used for the last thirty years to predict the mortality of
patients, particularly in adult intensive care patients
[18]. Although many invasive and non-invasive meth-
ods have been used, there are no studies in the litera-
ture revealing the relationship between perfusion
index with hospitalization and discharge of patients
with COPD exacerbation.

The mean arrival perfusion index of the patients
in this study was found to be 4.56.In a study investi-
gating the non-invasive examination of peripheral per-
fusion in intensive care patients, Lima et al. [19]
compared 108 healthy adult and 37 intensive care pa-
tients and found the critical PI value as 1.4. They con-
cluded that the values below this value suggest the
presence of poor peripheral perfusion [19]. However,
the device used in that study was different from the
Masimo Pulse Co-Oximeter Rad-57 (The device used
in our study), the range of values to be measured were
between 0.3 and 10.0. In that study, a threshold value
for PI could not be determined due to the absence of a
statistically significant difference between the hospi-
talized and discharged patients. This may be due to the
fact that the cases were only COPD exacerbation cases
and the number of the cases was relatively low. In a
study comparing invasive and non-invasive methods
to demonstrate peripheral circulatory disorders in in-
tensive care patients, changes in peripheral perfusion
for poor prognosis were found to be a better indicator
than fingertip oxygen saturation [20]. In another study
investigating whether PI values would be used as a
prognostic indicator in intensive care patients, it was
concluded that patients with low PI values had organ
failure faster [7]. Unlike the other studies, there was
no statistically significant difference between admis-
sion PI values of the discharged patients and patients
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hospitalized in the emergency department or intensive
care unit, who can be considered as critical patients.
In a study investigating the relationship between PI
values and mortality in intensive care patients in 2013,
it was concluded that perfusion index values were ef-
fective in predicting mortality [21]. During this study,
no mortality was seen inthe patients with COPD ex-
acerbation who were admitted to the emergency de-
partment. Long-term patient follow-up was not
performed in the study. Therefore, its relationship with
mortality could not be determined.

In addition to the studies favoring the perfusion
index to predict the perfusion status and mortality of
the patients, there are also studies claiming the oppo-
site. In a study, the effect of perfusion worsening due
to the sepsis on pulse oximetry was questioned and
whether the perfusion index is a marker of poor pe-
ripheral perfusion was investigated. It was reported in
that study that the perfusion index of anesthetized rab-
bits was not useful in terms of increased risk [22].
Similarly, in our study, the arrival PI values of the pa-
tients admitted to intensive care unit were found to be
significantly higher than the arrival PI values of the
patients who were hospitalized in the emergency de-
partment or discharged.

Limitations

This study may have some limitations. First of all,
the most important limitationsof this studyare that the
study is single-centered and the number of patients is
low.Because of some of the blood gases taken from
the patients were venous and the others were arterial
blood gases, standardization could not be done, so they
were not included in the study. The normal value range
or a cut-off value fort he PI was not calculated.

CONCLUSION

With the first hour PI changes, it is possible to pre-
dict that the patient's response to the treatment may be
poor and the patient may be taken to the intensive care
unit. Considering the third hour PI of the patients, it
may be possible to predict the decision of discharge
or hospitalization. In conclusion, there is no significant
relationship between the arrival PI values and the dis-
charge or hospitalization of the patients admitted to
the emergency department with COPD exacerbation.

The number of studies investigating the relationship
between PI and prognosis is low in the literature and
it is thought that it will be appropriate to conduct stud-
ies in larger series.
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