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Original Article

Clinical and Laboratory Predictors of Mortality in Severe
COVID-19 Pneumonia: A Retrospective Study from India

Swathi Karanth Marsur Prabhakar'®, Swapna Ramaswamy'®, Vanitha Basavarajachar’(®,
Anushree Chakraborty'®, Akshata Shivananjiah'®, Nagaraja Chikkavenkatappa?

'Department of Pulmonary Medicine, Shanthabai Devarao Shivaram Tuberculosis Research Center & Rajiv Gandhi Institute of

Chest Diseases, Bangalore, Karnataka

>The Global Fund to Fight AIDS, Tuberculosis and Malaria (GFATM) Projects, Swami Vivekananda Youth Movement, Bangalore,
Karnataka

*Shanthabai Devarao Shivaram Tuberculosis Research Center & Rajiv Gandhi Institute of Chest Diseases, Bangalore, Karnataka

Cite this article as: Karanth Marsur Prabhakar S, Ramaswamy S, Basavarajachar V, Chakraborty A, Shivananjiah A,
Chikkavenkatappa N. Clinical and laboratory predictors of mortality in severe COVID-19 pneumonia: A retrospective study from
India. Thorac Res Pract. 2023;24(2):53-60.

OBJECTIVE: Wide arrays of laboratory parameters have been proposed by many studies for prognosis in COVID-19 patients. In this
study, we wanted to determine if the International Severe Acute Respiratory and Emerging Infections Consortium—~Coronavirus Clinical
Characterization Consortium score in addition to certain clinical and laboratory parameters would help in predicting mortality. We
wanted to determine if a greater severity score on chest x-ray at presentation translated to poor patient outcomes using the COVID-19 chest
radiography score.

MATERIAL AND METHODS: This retrospective study was conducted at SDS TRC and Rajiv Gandhi Institute of chest diseases, Bangalore
from March 2021 to June 2021. This study included 202 real-time-polymerase chain reaction-positive COVID-19 patients aged above
18 years admitted to the intensive care unit of our hospital. Demographic characteristics and baseline hematological and inflamma-
tory markers (serum C-reactive protein, lactate dehydrogenase, troponin-I, ferritin, and p-dimer) were collected. Radiological severity
on a chest x-ray was assessed using the validated COVID-19 chest radiography score. The International Severe Acute Respiratory and
Emerging Infections Consortium—Coronavirus Clinical Characterization Consortium score was assigned to each patient within 24 hours
of intensive care unit admission. Outcome studied was in-hospital mortality.

RESULTS: The overall mortality was 54.9% (111 cases). Age more than 50 years, >4 days of symptoms, peripheral oxygen saturation/
fraction of inspired oxygen ratio less than 200, elevated serum lactate dehydrogenase >398.5 IU/L, and hypoalbuminemia (<2.95 g/dL)
were detected as independent predictors of mortality. A significant correlation of risk stratification with mortality (P =.057) was seen with
International Severe Acute Respiratory and Emerging Infections Consortium—Coronavirus Clinical Characterization Consortium score.
There was no significant correlation between the COVID-19 chest radiography score and mortality.

CONCLUSION: Age >50 years, peripheral oxygen saturation/fraction of inspired oxygen ratio <200, mean symptom duration of >4 days,
elevated serum lactate dehydrogenase, and hypoalbuminemia are independent predictors of mortality in severe COVID-19 pneumonia.
International Severe Acute Respiratory and Emerging Infections Consortium—Coronavirus Clinical Characterization Consortium score
was different in the survivors and deceased.

KEYWORDS: COVID-19 mortality, 4C score, CARE score, inflammatory markers, SPO2/FIO2 ratio
Received: February 11, 2022 Accepted: October 5, 2022 Publication Date: March 28, 2023

INTRODUCTION

COVID-19 (SARS-CoV2) disease has had a devastating impact on the world. The wide spectrum of SARS-CoV2 dis-
ease has been a great challenge to physicians in medical history in both the waves of this pandemic. Approximately,
15%-30% of patients develop respiratory failure and require intensive care management."> Managing this pandemic
demanded rigorous re-organization and scaling up of the existing healthcare and if unprepared, caused unacceptably
high mortality rates due to critical shortage of ventilators and intensive care unit (ICU) all over the world. Mortality due
to COVID-19 varies from 61.5% to 94%.° India was under the complete grip of the second wave of COVID-19 with
lakhs of patients succumbing to this disease, with a considerable younger population being lost. Double and triple
variants of the virus have been identified making them more transmissible and pathogenic, thus indicating more waves
that we have to be prepared for.* Hence, a well-planned and meticulous allotment of health resources is a subject of
prime concern.

Scientifically backed triage of COVID-19 patients with careful stratification to handle the different severity of this disease in
the right setup was the need of the hour. However, many risk stratification scores are proposed and adopted clinically along
with an array of inflammatory markers to guide the management of severe COVID-19 patients in whom refractory hypox-
emia remains a hallmark. Several characteristics have been associated with severe COVID-19 disease like advanced age,
comorbidities, duration of symptoms, and high levels of inflammatory markers (C-reactive protein (CRP), serum ferritin,

Corresponding author: Swapna Ramaswamy, e-mail: swapnar1209@gmail.com

Copyright@Author(s) - Available online at thoracrespract.org. Content of this journal is licensed under a Creative Commons
BY _NC Attribution-NonCommercial 4.0 International License.
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lactate dehydrogenase (LDH), and p-dimer) thereby directing
several therapeutic strategies to counter the cytokine storm.
Many guidelines recommend repeated and constant monitor-
ing of these inflammatory markers which is financially very
exhausting. In any country, adequate utilization of existing
resources is the key to effective management of any emer-
gency. Hence, we aimed to determine the prognostic impli-
cations of the inflammatory markers (CRP LDH, troponin-I,
ferritin, and p-dimer) and their utility as mortality predictors
in severe COVID-19 patients admitted to the ICU. We also
aimed at studying the application of infections Consortium-
Coronavirus Clinical Characterization Consortium score
(ISARIC 4C mortality score) and if greater COVID-19 chest
radiography score (on applying CARE score) at presentation
translated to poor patient outcomes in due course.

MATERIAL AND METHODS

Study Design and Study Participants

This retrospective study was conducted at SDSD TRC
and Rajiv Gandhi Institute of Chest Diseases, Bangalore
from March 2021 to June 2021 after ethical clearance
(PDCEC/01/33/2021-22). All real-time-polymerase chain
reaction (RT-PCR)-positive COVID-19 patients who were
aged above 18 years and admitted to the ICU of our hospital
were included in the study. Patients with COVID-like illness
(RT-PCR-negative) though managed on similar lines were
excluded from the study.

Data Collection

Data from 202 patients who were admitted to ICU during
our study period were retrieved and thoroughly scrutinized.
Demographic characteristics like age, sex, and clinical data
including co-morbidities, symptoms, and duration of symp-
toms were collected and tabulated.

Baseline hematological investigations like a complete blood
picture, renal and liver function tests, serum electrolytes, and
arterial blood gas analysis were recorded. Neutrophil lym-
phocyte ratio and peripheral capillary oxygen saturation /
fraction of inspired oxygen (SPO,/FIO,) ratio were computed.

MAIN POINTS

e Age more than 50 years, peripheral oxygen saturation/
fraction of inspired oxygen ratio of less than 200, mean
symptom duration of >4 days, elevated serum lactate
dehydrogenase (LDH) (>398.5 IU/L), and hypoalbumin-
emia (<2.95 g/dL) were found to be independent predic-
tors of mortality in severe COVID-19 pneumonia.

e International Severe Acute Respiratory and Emerging
Infections Consortium—Coronavirus Clinical
Characterization Consortium score has good prognostic
utility and can be used in all levels of healthcare.

e COVID-19 chest radiography score on a chest x-ray had
no significant impact on mortality.

e The sensitivity and specificity of serum LDH at cut-off
value of 398.5 IU/L in predicting mortality were 71% and
68%, respectively. At a cut-off of <2.95 g/dL, serum albu-
min has a sensitivity of 68.6% and specificity of 56.8%.

Baseline inflammatory markers panel included serum CRP
serum LDH, troponin-l, ferritin, and p-dimer. In addition,
sputum bacterial culture reports were also recorded.

A chest x-ray (CXR) at baseline was assessed for sever-
ity using the validated CARE score. Two pulmonologists
with 8 and 4 years of experience performed the chest x-ray
scoring. The International Severe Acute Respiratory and
Emerging Infections Consortium—~Coronavirus Clinical
Characterization Consortium (ISARIC-4C) score was assigned
to each patient to clinically identify those at a higher risk
of having poor outcomes. This risk stratification was done
within 24 hours of ICU admission. The treatment protocol
followed was strictly in adherence to the Karnataka state
guidelines and the same was documented. All patients had
received remdesevir, steroids, and anticoagulants along with
other supportive measures for appropriate duration. The pri-
mary outcome studied was in-hospital mortality. The need for
non-invasive ventilator (NIV), invasive mechanical ventilator
(IMV), and length of stay in the hospital were other surrogate
parameters that were looked for as secondary outcomes.

Operational Definitions

Severe COVID-19 pneumonia was defined as per National
guidelines issued by the Ministry of health and family welfare,
Government of India.> COVID-19 infection diagnosed on the
basis of positive RT-PCR testalong with the presence of one of
the below characteristics—SPO, <90% at room air, respiratory
rate of more than 30, or presence of severe respiratory distress.

International Severe Acute Respiratory and Emerging Infections
Consortium—Coronavirus Clinical Characterization
Consortium was calculated using the following variables:
age, gender, number of co-morbidities, respiratory rate,
SPO, at room air, Glasgow coma scale score, blood urea,
and serum creatinine. Scores were assigned for each vari-
able at the time of admission and the total score was cal-
culated. International Severe Acute Respiratory and
Emerging Infections Consortium—Coronavirus Clinical
Characterization Consortium ranges from 0 to 21with risk
groups defined as low (0-3), intermediate (4-8), high (9-14),
and very high (>15).°

COVID-19 chest radiography score: To calculate CARE score,
each lung was divided into 3 zones. Scores were given sepa-
rately for the presence of ground-glass opacities (GGO) and con-
solidation depending on the proportion of the zones affected.”

Statistical Analysis

Data were entered in Microsoft excel and were analyzed
using Statistical Package for Social Sciences (SPSS) version
24.0 (IBM Corp.; Armonk, NY, USA). Proportion, mean, and
standard deviation (SD) were used wherever necessary to
describe the population. The comparison of demographics
and clinical data between survivors and non-survivors was
calculated using chi-square test for categorical variables and
t-test for continuous variables. Univariate analysis was done
to get odds ratio. Those with P < .2 were included in the
multivariate regression analysis to find adjusted odds ratio.
P < .05 was considered significant.



RESULTS

Demographic Characteristics

Out of total of 820 COVID-19 cases admitted to our hospital
during the specified study period, 202 patients had severe
COVID-19 pneumonia mandating ICU management. The
mean age was 52 years with a male predominance [129;
63.9%l] (Table 1). Older age strongly correlated with mortal-
ity (P=.02), whereas gender did not (Table 1).

Clinical Characteristics

Fever was the most common presenting symptom (168;
83.16%) followed by dyspnea (165; 81.68%) and fatigue
(145; 71.7%) (Table 1). Co-morbidities were present in 141
patients (73.76%) of which diabetes mellitus was the com-
monest (118; 58.41%) (Table 1). We observed no statistically
significant effect of co-morbidity on mortality (Table 1). The
mean duration of symptoms before hospitalization was 5.95
days (SD=3.69) (Table 1).

Karanth et al. Mortality Predictors of COVID-19 Pneumonia

International Severe Acute Respiratory and Emerging
Infections Consortium—Coronavirus Clinical
Characterization Consortium Risk Stratification

As per ISARIC-4C score, 83 patients (41.08%) were catego-
rized into intermediate risk group, 80 patients (39.60%) to
high risk, 8 (3.96%) to very-high risk, and 2 to low-risk group
(0.9%).There was a significant correlation between risk strati-
fication with mortality (P = .057) (Table 2).

Radiological Characteristics

Chest radiograph of these patients revealed lower-zone pre-
dilection of either GGO or frank consolidation in all cases
(202; 100%). Mid-zone involvement was present in 196
cases (97.02%) and 135 patients (66.83%) had upper-zone
involvement as well. The mean CARE score of survivors and
the deceased was 20.64 (7.85) and 21.21 (7.64), respectively.
There was no statistically significant difference in the mean
CARE score among survivors and non-survivors (Table 2).

Table 1. Baseline Demographic and Clinical Characteristics of Severe COVID-19 Patients Admitted to Intensive Care Unit

Variables

Age [years]; mean (SD)
Male, n [%]

Female

Symptoms, n (%)
Dyspnea

Fever

Fatigue

Dry cough

Productive cough
Headache

Loss of appetite

Sore throat

Chills

Vomiting

Diarrhea

Chest pain

Altered sensorium
Hemoptysis

Loss of taste

Mean duration of symptoms before hospitalization [SD]
Comorbidities [n]
Diabetes

Hypertension

Chronic lung disease
Heart disease

Obesity
Hypothyroidism

Old cerebro vascular accident

SD, standard deviation.
*P-value is statistically significant.

Total (n = 202)

Survived (n =91) Death (n=111) P*

52.0(13.97) 49.65 (15.43) 54.36 (13.14) .02
129 (63.9) 53 (58.2) 76 (68.5) 132
73 (36.1) 38 (41.8) 35 (31.5)

165 (81.68) 76 (83.5) 89 (80.2) .542

168 (83.16) 75 (82.4) 93 (83.8) .796
144 (71.3) 70 (76.9) 74 (66.7) .109
94 (46.53) 38 (41.8) 56 (50.5) 218
88 (43.56) 44 (48.4) 44 (39.6) 214

14 (6.9) 6 (6.6) 8(7.2) .864
14 (6.9) 8 (8.8) 6 (5.4) 126
9 (4.4) 4 (4.4) 5(4.5) .745
15 (7.4) 9 (9.9) 6 (5.4) 226
6 (3.0) 3(3.3) 3(2.7) .805
6 (3.0) 2(2.2) 4 (3.6) .558
5(2.4) 1(1.17) 4 (3.6) 121
4(2.0) 0 (0) 4 (3.6) .051
4(2.0) 1(1.1) 3(2.7) 416
3(1.4) 3(3.3) 0 (0) .054

5.95 [3.69] 5.88 [3.144] 6.01[4.107] .804

149 (73.76) 65 (71.4) 84(75.7) 495
118 (58.4) 50 (54.9) 8 (61.3) .365
61 (30.19) 28 (30.8) 2 (28.8) .764
27 (13.36) 14 (15.4) 13 (11.7) 445

19 (9.4) 10 (11.0) 9 (8.1) 485
3(1.4) 1(1.17) 2(1.8) 210
12 (5.9) 7(7.7) 5(4.5) .340
6(2.9)
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Table 2. Baseline Risk Stratification and Course in the Hospital of Severe COVID-19 Patients Admitted to Intensive Care

Unit

Total (n = 202)
Risk stratification applying ISARIC 4C score [n]

Variables

Low risk 2 (1.2)
Intermediate risk 83 (48)
High risk 80 (46.2)
Very-high risk 8 (4.6)
CARE score, mean [SD] 20.96 (7.7)
Complications [n] 77 (38.11)
Mean duration of ICU stay [SD] 6.87 [5.88]
Mean duration of hospital stay [SD] 19.18 [9.508]

Survived (n = 91) Death (n =111) P*
1(1.1) 1(1.3) .057
47 (58.8) 36 (38.7)
30 (37.5) 50 (53.8)
2 (2.5) 6 (6.5)
20.65 (7.85) 21.22 (7.64) .604
19 (20.87) 58 (52.25) <.0001
6.98 [5.829] 6.48 [5.995] .55
24.2 [8.54] 15.07 [8.225] <.001

ISARIC 4C, International Severe Acute Respiratory and emerging infections Consortium—Coronavirus Clinical Characterization Consortium score;

SD, standard deviation.P Value in bold indicates its statistical significance.

*P-value is statistically significant.

Clinical Course in Hospital

Although most of the patients in ICU required NIV support
(122; 60.39%) and high-flow nasal cannula (70; 34.65%),
only 36 of them (17.82%) eventually mandated IMV sup-
port, of whom none survived. The mean duration of ICU and
hospital stay was 6.87 + 5.88 and 19.18 + 9.5, respectively.
Complications were noted in 77 patients with secondary
bacterial infection being the commonest (41; 20.29%). The
frequently isolated microorganisms were Klebsiella species
and coagulase-negative staphylococcus and streptococcus
viridians. Other encountered complications were sepsis (20;
9.9%) acute kidney injury (14; 6.9%), diabetic ketoacidosis
(7; 3.4%), hypokalemia (4; 1.9%), cerebrovascular accident
(3; 1.4%), subacute emphysema with pneumo-mediastinum
(2; 0.9%), pneumothorax (1; 0.4%), pulmonary thrombo-
embolism (2; 0.9%), myocardial infarction (1; 0.4%), supra-
ventricular tachycardia (1; 0.4%), and delirium (2; 0.9%).
Complications were significantly more among the deceased
than survivors (Table 2).

Outcome

The overall mortality was 54.9% (111 cases). Most deaths
were observed within 7 days of hospitalization (64; 57.65%)
and 29 patients (29.62%) succumbed between 7 and 14 days
and 18 patients (16.21%) after 14 days of hospitalization. The
mean duration of hospitalization among discharged was 24.2
+ 8.5 days and 28 patients (30.07%) were discharged with
short-term oxygen therapy.

Mortality Predictors

On multivariate regression analysis, we found that age of
more than 50 years, more than 4 days of symptoms, SPO,/
FIO, ratio less than 200, elevated serum LDH, and hypoal-
buminemia are the independent predictors of mortality in
severe COVID-19 pneumonia (Table 3). The cut-off value of
398.5 IU/L sensitivity and specificity of serum LDH in pre-
dicting mortality was 71% and 68%, respectively. For serum
albumin as a mortality predictor, with a cut-off of <2.95, a
sensitivity of 68.6% and a specificity of 56.8% were noted
(Figure 1).

DISCUSSION

The severity of COVID-19 and mortality is influenced by
multiple factors like genetics, individual immune response,
co-morbidities, type of variant causing the disease, and
demographic characteristics of the affected population. The
management of COVID-19 has evolved since the beginning
of the pandemic and has greatly influenced the mortality
rate. Advanced age, smoking, male sex, lymphocytopenia,
p-dimer, CRP, co-morbidities, SPO,/FIO, ratio, and serum LDH
are a few reported mortality predictors.®'® Wide heterogene-
ity in mortality predictors that are reported by several mul-
tivariate analyses from different countries can be observed.
Of these diverse variables, advanced age is the single most
variable that is consistently reported to have prognostic util-
ity. Advanced age (>60 years) has been shown to behave
as an independent mortality predictor in several studies.”'°
Decreased immunity in elderly secondary to reduced T-cell
subset and increased cytokine storm render them prone to
severe disease. In our study, it was observed that age more
than 50 years acted as an independent mortality predictor
as enumerated in Table 3, a finding that resonates with the
available evidence." 2

Some studies have proposed male gender as a risk factor for
higher mortality’>'> On the contrary, we failed to notice any
such association and our findings are consistent with few
other studies.”'®

The presence of comorbidities is reported to increase the
mortality by 2.85-fold.>'” Diabetes , hypertension, and car-
diovascular conditions are the most commonly associated
co-morbidities with increased mortality.”'> However, in our
study, no such association was encountered.

A delay in access to healthcare facility especially in times of
imposed lockdown was a major concern in COVID-19 man-
agement. The mean duration of symptoms of more than 4
days was significantly associated with mortality in our study
as depicted in Table 3. Another Indian study has reported



Table 3. Multivariate Regression Analysis of Variables Associated with Mortality in Severe COVID-19 Pneumonia Patients

Age <50 years
>50 years
Sex Male
Female

Comorbidities No
Yes

Duration of <4 days

symptoms >4 days

SPO,/FIO, >2
<2

ISARIC 4C score <3
>3

CARE score <13
>13

N/L

ESR

Serum albumin

Serum CRP

p-Dimer

Trop |

Serum LDH

Serum ferritin

AST

ALT

Survived
46 (50.5)
45 (49.5)
53 (58.2)
38 (41.8)
26 (28.6)
65 (71.4)
36 (39.6)
55 (60.4)
48 (52.7)
43 (47.3)
1(1.1)
90 (98.9)
8(19.8)
73 (80.2)
8.53 (6.5)
66.8 (44.5)
3.17 (0.9)
98.23 (83.1)
810.7 (1224.7)
0.477 (0.199)
386.57 (251.1)
527.28 (546.5)
48.02 (31.6)
38.9 (26.6)

Karanth et al. Mortality Predictors of COVID-19 Pneumonia

Died OR (95%Cl) aOR (95%Cl) P
41 (36.9) - - .03
0 (63.1) 1.74 (0.9-3.1) 1.99 (1.1-3.6)
6 (68.5) - - 27
5(31.5) 0.64 (0.3-1.1) 0.6 (0.3-1.3)
7 (24.3) - - -
4 (75.7) 1.24(0.6-2.3) -
2 (46.8) - - .04*
9 (53.2) 0.74 (0.4-1.3) 0.5 (0.2-0.9)
2(28.8) - : 01
9 (71.2) 2.75 (1.5-4.9) 2.28 (1.1-4.3)
1(0.9) - - -
110 (99.1) 1.2(0.7-19.8) -
20 (18.0) - - -
91 (82.0) 1.12 (0.5-2.2) -
10.5 (7.5) 1.04 (1.0-1.1) 1.02 (0.9-1.1) 21
55.9 (48.3) 0.99 (0.9-1.1) - -
2.78(1.2) 0.72 (0.5-0.9) 0.64 (0.4-0.8) .005*
110.3 (88.2) 1.01 (0.9-1.1) - -
1307.4 (2335.2) 1.1(1.0-1.2) 1.1(0.9-1.2) 6
0.1157 (0.524) 1.79 (0.5-5.6) - 5
509.2 (306.6) 1(1.0-1.2) 1(0.9-1.2) .04*
587.65 (563.3) 1(1.0-1.2) - -
48.3 (38.6) 0.99 (0.9-1.1) - -
35.7 (34.5) 0.98 (0.8-1.1) - -

aOR, adjusted odds ratio; ALT, alanine transaminase; AST, aspartate transaminase; CARE score, COVID-19 chest radiography score; CRP C-reactive
protein; ISARIC 4C, International Severe Acute Respiratory and emerging infections Consortium—Coronavirus Clinical Characterization
Consortium score; LDH, lactate dehydrogenase; L/N, neutrophil/lymphocyte; SPO,/FIO,, peripheral oxygen saturation-fraction of inspired oxygen;

Trop |, troponin I.
*P-value is statistically significant.
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Figure 1. Receiver operating charactestic curve (ROC) of predictors
of mortality.

higher mortality in those individuals who present to hospital
after 4 days of symptom onset."

Peripheral oxygen saturation/fraction of inspired oxygen ratio
is a proxy indicator of oxygenation which can be used as a
surrogate of PaO,/FiO, (PaO,-arterial oxygen pressure) ratio
in resource-limited countries. Rice et al'® observed signifi-
cant correlation of SpO,/FiO, ratio of 235 and 315 with PaO,/
FiO, ratio of 200 and 300, respectively. In our study, a SpO,/
FiO, ratio of <200 at admission was found to be an indepen-
dent mortality predictor as shown in Table 3. Choi ' reported
increased mortality in those with a SpO,/FiO, ratio of <315
at admission. Another study reported an S/F ratio of <400 as
an independent predictor of mortality.”® In resource-limited
countries where management of moderate to severe COVID-
19 patients is done at every level of health care, this simple
non-invasive variable can replace PaO,/FIO, as a mortality
predictor.

International Severe Acute Respiratory and Emerging Infections
Consortium—Coronavirus Clinical Characterization
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Consortium score, a mortality predictor score developed and
validated on the UK population, has been shown to have
good applicability in other population as well.?° This simple
and easy to calculate score categorizes patients into 4 catego-
ries of severity by combining readily available variables upon
admission. It reflects patient’s demography, comorbidities,
physiological characteristics, and lab investigations with the
mortality increasing with each category. The mortality rate was
62% with a score of 15 and 1% with a score of 3 or less in the
UK population.® After its initial development, several studies
were conducted to assess its external validity and reported
similar results as the original study.?"* International Severe
Acute Respiratory and Emerging Infections Consortium—
Coronavirus Clinical Characterization Consortium score of
>9 had sensitivity and specificity of 70.5% and 73.97%,
respectively, in predicting mortality as reported by Mumtaz
et al.?® We also observed a statistically significant increase in
mortality with higher risk strata as enumerated in Table 2. To
the best of our knowledge, this is the first time the ISARIC-4C
score has been used to stratify the risk of mortality in COVID-
19 patients in India.

Several pre-existing scores have been used and compared
to determine the most reliable score to predict the mortality
risk in COVID-19 patients. Fan et al** in 2019 retrospectively
evaluated the role of existing scores in predicting mortality
in COVID-19 patients and concluded that the A-DROP score
[age, dehydration, respiratory failure, orientation disturbance,
and systolic blood pressure] which is a modification of the
CURB-65 [confusion, urea, respiratory rate, blood pressure,
age] score performed better when compared to CURB-65,
PSI [pneumonia severity index], SMART-COP [systolic blood
pressure, multi-lobar CXR involvement, albumin, respiratory
rate, tachycardia, confusion, oxygen saturation, pH], NEWS2
[National early warning score], CRB-65 [confusion, respi-
ratory rate, blood pressure], and qSOFA [quick sequential
Organ failure assessment] for in-hospital death. Age, dehy-
dration, respiratory failure, orientation disturbance, systolic
blood pressure presented the highest discrimination (area
under curve [AUC] = 0.87) followed by CURB-65 (AUC =
0.85), PSI (AUC = 0.85), SMART-COP (AUC = 0.84), NEWS2
(AUC= 0.85), CRB-65 (AUC=0.80), and qSOFA (AUC =0.73)
in predicting in-hospital death, though the difference between
A-DROP and CURB-65 and PSI was not significant.?*

In 2020, the prognostic utility of ISARIC-4C score in all
cohorts (n = 606) of community-acquired pneumonia (CAP),
invasive pneumococcal disease (IPD), COVID-19 infection,
and other fatal common respiratory infections was looked
at and its performance was compared to the already exist-
ing scores CURB65, CRB65, qSOFA, and NEWS and found
that the ISARIC-4C score had the greatest AUC in COVID 19,
CAP and IPD patients (0.83, 0.78, and 0.74, respectively) and
found that it was the only score that performed statistically sig-
nificantly better than chance across all 4 cohorts. They con-
cluded that the ISARIC-4C score performed well in predicting
30-day mortality in COVID-19 and other common respiratory
infection populations in comparison to other scores.?

In another study on 481 patients by Doganay and Ak in
2021, CURB-65, ISARIC-4C, and COVID-GRAM scores were

assessed and compared in terms of predicting in-hospital
mortality and ICU requirement in patients hospitalized with
COVID-19 disease. In terms of in-hospital mortality, the AUC
of CURB-65, ISARIC-4C, and COVID-GRAM were 0.84,
0.78, and 0.70 respectively, whereas, for ICU requirement,
it was 0.89, 0.79, and 0.68, respectively. Confusion, urea,
respiratory rate, blood pressure, age-65 score was concluded
to perform better in predicting in-hospital mortality and ICU
requirement in COVID-19 patients, whereas the ISARIC-4C
score was found to be successful in identifying low-risk
patients.

In another large study by Artero et al?” on 10 238 patients, 3
scores were tested for their prognostic accuracy. A new score
(MULBSTA based on 6 parameters—multilobar infiltration,
hypo-lymphocytosis, bacterial coinfection, smoking history,
hypertension, and age) was tested against the other scores
(PSI, CURB-65, qSOFA,), and the authors concluded that PSI
and CURB-65 as specific severity scores for pneumonia were
better than qSOFA andMulLBSTA at predicting mortality in
patients with COVID-19 pneumonia.

On the same line, when APACHE Il [acute physiology and
chronic health evaluation], CURB-65, and MuLBSTA scores
were evaluated on 53 COVID patients, it was found that
APACHE Il performed better than the other 2 scores in predict-
ing the severity, whereas the MuLBSTA was recommended to
be used to determine the death risk.?

In resonation with above findings, in another retrospective
study on 249 patients, the ISARIC-4C score calculated upon
admission to the hospital was compared to the simplified
acute physiology score (SAPS), APACHE II, and sequential
organ failure assessment (SOFA) calculated upon admission
to the ICU. The accuracy of the mortality risk scores was cal-
culated for ICU survivors and ICU non-survivors. The authors
concluded that the APACHE Il had the best discrimination of
mortality in ICU patients and both APACHE Il and ISARIC-4C
score independently predicted mortality risk and could be
used concomitantly.?

Though CXR is less sensitive than computed tomography tho-
rax in detecting early changes of COVID-19 pneumonia, it
has been proposed to be invaluable in predicting mortality.
Few studies have suggested a significant correlation between
increased lung involvement on CXR and mortality.>**' We
attempted to study the same by using the validated CARE
score. Each lung was divided into 3 zones (6 in total) and
a separate score was assigned to GGO and consolidation.
COVID-19 chest radiography score of 17.5 showed 75%
sensitivity and 69.9% specificity in predicting mortality.”
However, we did not notice any statistically significant dif-
ference in CARE score among survivors and non-survivors.

Lactate dehydrogenase, an intracellular enzyme, is present in
almost all tissues. Multiorgan injury, hypoxia, tissue hypo per-
fusion, metabolic acidosis, and severe infections can cause
elevation in serum LDH. As severe COVID-19 pneumonia
is characterized by all of the above, an increase in serum
LDH is an expected lab parameter. Elevation of serum LDH
at the time of admission is known to have an association with
severe COVID and more than 16-fold increase in odds of



mortality.’> Poor prognosis in those with elevated LDH has
been observed in several studies.’*3> Lactate dehydrogenase
has also been identified as a prognostic marker in COVID-19
with positive correlation of time to normalization of serum
LDH with radiological resorbtion.?® In our study, elevated
LDH at the time of admission was an independent mortality
predictor with value of >398.5 has sensitivity and specific-
ity of 71% and 68%, respectively. Martha et al*” reported
sensitivity and specificity of LDH in predicting mortality as
74% and 69%, respectively. No other inflammatory markers
showed any association with mortality in our study (Table 3).
As the elevation of inflammatory markers is influenced by
multiple factors like severity of disease, presence of comor-
bidities, different laboratory cut-off points, and variation in
laboratory diagnostic methods, heterogeneity in findings can
be expected.

Hypoalbuminemia has been observed in severe COVID-
19 infection. Increased albumin clearance, consumption of
amino acids by viral replication, reduced albumin transcrip-
tion, and impaired liver protein synthesis are plausible mech-
anisms explaining hypoalbuminemia in severe COVID-19
infection.’® We observed hypoalbuminemia as an indepen-
dent mortality predictor. Huang et al®® reported an albumin
level of <35 g/L at admission as an independent predictor of
mortality and also observed increased risk of death by 6-fold
in those with hypoalbuminemia. Serial monitoring of serum
albumin also has prognostic significance. Improvement in
serum albumin has been noted with recovery.*® However,
therapeutic benefits of serum albumin transfusion in severe
COVID-19 are still not established.*

Our study describes various clinical, demographic, and labo-
ratory predictors of mortality in severe COVID-19 pneumo-
nia. We hope that the findings from our study help in proper
prognostication and guide healthcare services to properly
utilize resources on salvageable patients. However, our study
has some limitations. Data were collected only at the time
of hospital admission based on the patient’s medical records
and some variables were not available. Since it was a ret-
rospective single-center study, selection bias was a major
concern.

CONCLUSION

Age of more than 50 years, SpO,/FiO, ratio of less than 200,
mean symptom duration of >4 days, elevated serum LDH, and
hypoalbuminemia were all independent predictors of mor-
tality in severe COVID-19 pneumonia. International Severe
Acute Respiratory and Emerging Infections Consortium—
Coronavirus Clinical Characterization Consortium score was
different in the survivors and deceased. Given its easy appli-
cation, optimal usage at all levels of healthcare facility at the
time of admission can be done. However, the CARE score
failed to demonstrate its prognostic performance.
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Interleukin-28 as a Promising Marker for Predicting Invasive
Mechanical Ventilation Requirement and Mortality in
COVID-19 Patients
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OBJECTIVE: The study aimed to evaluate serum interleukin-28 levels in COVID-19 patients and correlate the results with disease severity.

MATERIAL AND METHODS: This study included 90 patients who presented to the COVID-19 outpatient clinics, hospital wards, and
intensive care units. Serum interleukin-28, C-reactive protein, lactate dehydrogenase, fibrinogen, p-dimer, and ferritin levels were mea-
sured. Patients were divided into 3 groups based on clinical severity to mild, moderate, and severe groups (each group consisted of
30 patients).

RESULTS: There were significant differences in serum C-reactive protein, lactate dehydrogenase, fibrinogen, p-dimer, ferritin, and inter-
leukin-28 levels between all groups. The mean serum interleukin-28 levels of all patients were 383.74 + 63.58 ng/L. The mean serum
interleukin-28 levels were 335.52 + 42.12 ng/L in the mild group, 366.88 + 41.27 ng/L in the moderate group, and 453.46 + 36.78 ng/L
in the severe group.

CONCLUSION: There were significant differences in comparisons of all pairs (P < .05). Interleukin-28 may be a promising biomarker for
detecting disease severity in COVID-19 patients.

KEYWORDS: Health, interleukin-28, marker, Sars-Cov-2
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INTRODUCTION

Starting in December 2019, the COVID-19 pandemic has caused more than 6 million deaths worldwide, and numbers
are increasing continuously. People with documented COVID-19 infections show symptoms ranging from mild to severe,
and the course of the disease is widely variable. The disease may start as a mild respiratory tract infection. It can lead to
severe viral pneumonia, acute respiratory distress syndrome, multiple organ failure, and even death in the course of infec-
tion." Due to the capability of infecting large volumes of people and causing severe illness that requires hospitalization
in inpatient clinics or intensive care units, a successful risk classification system is required to prevent unnecessary hospi-
talizations and lower the burden in healthcare systems worldwide. Age-, gender-, and comorbidity-based scoring system
has been tested to predict mortality before.? C-reactive protein (CRP), b-dimer, creatinine, ferritin, lactate dehydrogenase
(LDH) levels, neutrophil to lymphocyte ratio, and many other biomarkers have been tested to predict mortality and severity
of disease in COVID-19 patients.>** While some biomarkers were helpful in risk assessment, more clinical research and
new biomarkers are required for a better classification system.

Interleukin 28 (IL-28) is a member of the interferon gamma (IFN-A) family consisting of IL-28A, IL-28B, and IL-29, with
their own class Il receptor generally found in epithelial cells.” Interleukin -28 cytokine family plays a vital role against
viruses by inducing 2',5'-oligoadenylate synthetase which is an antiviral enzyme that counteracts viruses by degrading
RNAs of viruses and interferon-stimulated gene factor-3 which is a transcriptional factor that regulates transcription of the
interferon-stimulated genes.? Interleukin-28 has been shown to enhance adaptive immunity against viruses by promoting
antigen-specific interferon-gamma release and increasing the cytotoxic potential of CD8+ T cells.’ It has also been shown
that mutations in the IL-28B gene may affect the viral clearance of the hepatitis C virus and response to antivirals.'®"!
Though IL-28 plays an essential role in viral defense, the potency of IL-28 in infections and immune response shows bio-
logical variations due to widely determining single-nucleotide polymorphisms (SNPs) and variable expression rates.'*'3
The role of IL-28 in defense against COVID-19 infection is not clear. However, due to its variable expression rates and its
important role in viral immunity, we have hypothesized that blood levels of IL-28 might be an indicator of the course of
the disease and be used for risk assessment in COVID-19 patients. Therefore, we have studied the relationship between
IL-28 levels in the blood and COVID-19 severity in patients as a risk assessment method.
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MATERIAL AND METHODS

A total of 90 patients who applied to the COVID-19 outpa-
tient clinics and wards in Erzurum City Hospital that met the
inclusion criteria and agreed to participate in the study were
enrolled. Ethical committee approval was received from the
Ethics Committee of Erzurum City Hospital (approval No:
2021/01-04). Written and verbally informed consent was
obtained from all patients or legal representatives. Inclusion
criteria were to have at least 1 positive COVID-19 real-time
polymerase chain reaction (RT-PCR) result within 7 days,
male or female gender, and age above 18 years old. Pregnant
and breastfeeding women were excluded from the study.

Patients were divided into 3 groups as each group consisting
of 30 patients. Patients with normal chest x-ray results, who
did not need hospitalization, and who had no hypoxemia
were grouped into “mild;” patients with pneumonia on com-
puted tomography (CT) scans or chest x-rays with accompa-
nying dyspnea or hypoxemia who needed to be hospitalized
in the wards but did not need high-flow nasal oxygen (HFNO)
or mechanical ventilation (invasive or non-invasive) or inten-
sive care were grouped into “moderate;” and patients who
needed intensive care due to respiratory failure or shock were
grouped in “severe” groups. Venous blood samples were col-
lected on the first day of application to the hospital in the
mild group and on first day of hospitalization (ICU or ward)
for moderate and severe groups. Death ratios and invasive
mechanical ventilation requirement (invasive and non-inva-
sive) ratios were recorded.

Venous blood samples from each patient were collected in
a serum tube (without an anticoagulant) and centrifuged
for 20 minutes at 2000-3000 rpm. The supernatants formed
after centrifugation were collected in microcentrifuge tubes.
Obtained serum samples were aliquoted and stored in a
freezer at —20°C until the analysis day.

Beckman Coulter AU5800 analyzer measured serum CRP
LDH, and ferritin levels. The STA R Max 3 (Stago) hemosta-
sis and coagulation analyzer measured serum fibrinogen and
p-dimer levels. A commercial ELISA kit (BT Lab, Catalog No:
E3042Hu 96 T, Lot no: 202101015) measured serum 1L-28
levels according to the manufacturer's instructions in an
Epoch Microplate Spectrophotometer.

Statistical Analysis
Statistical analysis was performed using Statistical Package
for Social Sciences (SPSS) version 25.0 (IBM Corp.; Armonk,

MAIN POINTS

e Interleukin (IL-28) plays an essential role in viral defense.

e Therole of IL-28 in defense against SARS-Cov-2 infection
is not clear.

e Serum IL-28 levels were higher in the moderate group
and the highest in the severe group compared to the mild
group, in COVID-19 patients.

e Interleukin-28 levels may be used to predict mortality and
mechanical ventilation need, independently of C-reactive
protein and other infection markers.

NY, USA) package program. The normality of data was deter-
mined with Kolmogorov-Smirnov test. Descriptive statistical
analyses (mean + standard deviation) and percentages were
used. One-way analysis of variance (ANOVA) test and post
hoc Tukey test were performed to compare biochemical val-
ues of groups. Chi-square test was used to determine the rela-
tionship between 2 variables (groups and gender/mechanical
ventilation requirement/mortality) in a cross-tabulation. Pval-
ues less than .05 at the 95% Cl were considered statistically
significant. Receiver operating characteristic (ROC) analysis
was performed to define the optimal IL-28 cut-off values for
detecting mortality and mechanical ventilation requirement.

RESULTS

The mean age of all patients was 58.5 + 13.6 years. There was
no significant difference in terms of age between the 3 groups
(P = .149). Chi-square test results showed that there was no
significant difference in terms of gender (P = .875); and there
were significant differences in terms of death, mechanical
ventilation requirement (invasive and non-invasive), and
invasive mechanical ventilation requirement (P < .001 for
all comparisons).

All patients who died and who required mechanical venti-
lation were in the severe group. The demographic, clinical
characteristics, and biochemical values of the patients are
summarized in Table 1.

One-way ANOVA test showed significant differences in
serum CRP LDH, fibrinogen, p-dimer, ferritin, and IL-28
levels between all groups (P < .05 for all comparisons). All
patients' mean serum IL-28 levels were 383.74 + 63.58 ng/L
(Table 1). There were significant differences in terms of serum
IL-28 levels between mild, moderate, and severe groups,
being higher in the moderate group (366.88 + 41.27 ng/L)
and the highest in the severe group (453.46 + 36.78 ng/L)
compared to the mild group (335.52 + 42.12 ng/L) (Figure 1).

Receiver operating characteristic curve analysis for predicting
mechanical ventilation requirement (both invasive and non-
invasive) results in the area under the ROC curve (AUC) of
0.84 (95% ClI: 0.75-0.93). The cut-off value of IL-28 to pre-
dict mechanical ventilation needs with high sensitivity was
391.71 ng/L (100% sensitivity and 60.0% specificity, likeli-
hood ratio (LR): 2.47) (Figure 2A).

Receiver operating characteristic curve analysis for predict-
ing the need for invasive mechanical ventilation resulted in
AUC of 0.87 (95% Cl: 0.79-0.96). The cut-off value of IL-28
to predict the need for invasive mechanical ventilation with
high sensitivity was 401.23 ng/L (100% sensitivity and 70.0%
specificity, LR: 3.29) (Figure 2).

Receiver operating characteristic curve analysis for predicting
non-invasive mechanical ventilation requirement resulted in
the AUC of 0.80 (95% ClI: 0.68-0.92). The cut-off IL-28 value
to predict non-invasive mechanical ventilation with moder-
ate sensitivity was 423.95 ng/L (71.4% sensitivity and 77.8%
specificity (LR: 3.21) (Figure 2).

Receiver operating characteristic curve analysis for predict-
ing mortality resulted in AUC of 0.86 (95% Cl: 0.76-0.97).
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Table 1. Demographic, Clinical Characteristics, and Biochemical Values of the Patients

All (n = 90) Mild (n = 30) Moderate (n = 30) Severe (n = 30)
Age (years) 585+ 13.6 54.6 +£12.0 61.1 £ 14.2 59.9 + 14.1
(P=.149)
Gender, M/F (%) 53/47 50/50 (X*= 0.268; 53/47 57/43
P = .875)
Death, n (%) 6 (6.6) 0 (0 %) (X*=12.8; 0 (0) 6 (20)
P < .001)
MV req. Inv., n (%) 9(9.9) 0 (0%) (X*>= 20.0; 0 (0) 9 (30)
P < .001)
MV Req. All n (%) 17 (18.7) 0 (0%) (X?>=32.9; 0 (0) 17 (56.7)
P < .001)
CRP (mg/L) 34.46 + 51.33* 11.21 +5.422 46.57 + 57.47 44.82 + 56.70°
(P=.011) (P=.019) (P=.028)
LDH (U/L) 380.43 + 221.86* 212.83 + 67.692 383.07 + 168.88¢ 539.80 + 249.10°
(P < .001) (P=.01) (P=.003) (P < .001)
Fibrinogen (mg/dL) 393.37 £ 165.50* 357.07 £ 105.41° 462.20 + 154.60¢ 358.43 + 201.21
(P=.018) (P = .037) (P=.036)
p-Dimer (ng/mL) 1941.09 + 1130.20* 386.89 + 136.52 2082.90 + 1051.32 3249.87 + 1275.34°
(P=.028) (P=.021)
Ferritin (ng/mL) 680.15 + 282.52* 166.15 + 69.57° 836.96 + 389.08 1037.33 + 576.51°
(P<.001) (P<.001) (P < .001)
I1L-28 (ng/L) 383.74 + 63.58* 335.52 +42.122 366.88 + 41.27¢ 453.46 + 36.78"
(P<.001) (P=.009) (P<.001) (P<.001)

Results are expressed as mean + standard deviation and n (%); P: one-way analysis of variance (ANOVA) test statistics P value for group
comparisons of numerical variables (age, CRP LDH, fibrinogen, D-dimer, ferritin, and IL-28) and chi-square test statistics P value for group
comparisons of categorical variables (gender, death, intubation, and mechanical ventilation); X*: Pearson chi-square value; *P < .05 for one-way
ANOVA test; a,b,c show one-way ANOVA post hoc Tukey test P values (*Significant difference between mild and moderate patients; "Significant
difference between mild and severe patients; <Significant difference between moderate and severe patients).

M/F male/female; MV req Inv., invasive mechanical ventilation requirement; MV Req. all, mechanical ventilation requirement invasive and

non-invasive.

The cut-off IL-28 value to predict mortality with high sensi-
tivity was 401.23 ng/L (100% sensitivity and 67.5% specifici-
ties, LR: 3.03). (Figure 2).

DISCUSSION

In this study, we tested whether IL-28 from the IFN-A fam-
ily can be used as a marker to show the severity of the
disease in COVID-19 patients. There were significant differ-
ences in terms of serum IL-28 levels between mild, moder-
ate, and severe groups, being higher in the moderate group
(366.88 + 41.27 ng/L) and the highest in the severe group
(453.46 + 36.78 ng/L) compared to the mild group (335.52 +

500
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Groups
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Figure 1. IL-28 values of groups. IL, interleukin.

42.12 ng/L). Various studies have shown the effect and role
of the classical interferon family members in viral infections
and sepsis.’ The IFN-A family, also known as type 3 interfer-
ons, is most effective on epithelial surfaces and is known to
be effective in viral defense.’

It was previously shown that there was an increase in IL-28
levels in chronic Hepatitis C Virus (HCV) and dengue fever.'® It
has also been shown that HCV patients with good response to
antiviral treatment used to have lower IL-28 levels.’ Although
IL-28 and the IFN-A family are generally thought to be having
a positive influence in controlling viral infections, higher than
normal levels of these cytokines may also be an indicator of
an uncontrolled infection or viral response. The effects of the
IFN-A family and IL-28 in sepsis were demonstrated in a mice
experiment.'” In this study, not only the neutralization of the
IL-28 pathway decreased mortality due to sepsis in mice but
it was also observed that mortality increased in mice admin-
istered recombinant IL-28 externally. In contrast, administra-
tion of I1L-28 to mice without sepsis did not increase mortality.
Our study showed that IL-28 levels could be used to predict
mortality and mechanical ventilation requirement indepen-
dent of CRP and other infection markers. Interleukin-28 levels
were high in patients who needed invasive mechanical ven-
tilation and died in our study group, which supports the idea
of high IL-28 levels being associated with mortality in sepsis
due to viral infection.
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Figure 2. ROC curve for prediction of (A) mechanical ventilation (invasive and non-invasive) requirement, (B) invasive mechanical ventilation
requirement, (C) non-invasive mechanical ventilation requirement, and (D) mortality with IL-28 values. ROC, receiver operating characteristic.

Contrary to the data in our study, in a study conducted on
patients with Crimean Congo hemorrhagic fever, it was
shown that IL-28-B gene polymorphism did not have a sig-
nificant effect on mortality.'® However, there is no evaluation
of 1L-28 serum levels in this study. These data suggest that
IFN-A family member interleukins may have different effects
on different types of viral infections.

The fact that the blockade of the IL-28 pathway in sep-
sis has produced promising results in terms of mortality
in mice experiments is promising as a method that can be
used in severe COVID-19 patients with limited treatment
opportunities, and more scientific studies are needed on
this subject.

An animal study has demonstrated that the upper air-
way microbiota of IL-28 receptor-negative mutant mice
exposed to influenza virus was less affected than normal
mice with IL-28 receptor, and secondary Staphylococcus
aureus infection is less common in non-receptor mice."
This study shows that the immune response induced
by IL-28 in viral infections may also increase the
susceptibility to secondary bacterial infections. There
were no data on the frequency of secondary bacterial
infections in patients who required mechanical ventila-
tion and who died in our study. Considering these results,
future studies may be helpful to show whether excessive
IL-28 secretion in viral infections increases secondary bac-
terial infections.



This study has some limitations. First of all, the study did not
have a control group without COVID-19 infection. Second,
we could not determine the mRNA expression of 1L-28 due
to technical inadequacy. Third, COVID-19 infection may
lead to some degree of renal dysfunction and concentra-
tions of serum metabolites such as amino acids, bile acids,
nucleotides and their metabolites, glycerophospholipids, fatty
acids, oxidized lipids, and organic acids due to altered filtra-
tion capacity of kidneys and thus, the levels of IL28 in serum
samples might be affected. Fourth, since the patients in the
severe group had serious clinical conditions and were admin-
istered multiple treatments at the same time, the linearity of
biochemical parameters may have been impaired.

In conclusion, IL-28 may be a candidate biomarker for deter-
mining the disease severity of COVID-19 patients. Further
studies are needed to determine the optimal cut-off values.
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Treatments on Clinical Outcomes in Severe COVID-19
Patients
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OBJECTIVE: The present study aimed to evaluate and compare the use of 2 different high-dose methylprednisolone posology in treat-
ing severe coronavirus disease 2019 pneumonia regarding mortality and recovery time between themselves and against steroidal/
non-steroidal treatment.

MATERIAL AND METHODS: Severe coronavirus disease 2019 patients followed up between March 2020 and January 2021 were
included. The steroid-free treatment protocol was applied before August 2020 (non-pulse group) and a treatment algorithm containing
normal and high doses of methylprednisolone was applied after August 2020 (pulse group). Patients with clinical deterioration under the
normal dose of methylprednisolone were administered 250 mg or 1000 mg of methylprednisolone for 3 days. We compared the pulse
and non-pulse groups, in addition to pulse subgroups with each other, for clinical outcomes.

RESULTS: A total of 138 patients were included, including 36 patients in the non-pulse group and 102 in the pulse group. In the pulse
group, 70 patients received 1000 mg/day and 32 received 250 mg/day of high-dose methylprednisolone therapy. In the comparison of
pulse and non-pulse patient groups, mortality rate was lower in the pulse group (P < .001), and the time to discharge without oxygen
support was shorter. Although the patients in the 250 mg subgroup were older, there was no difference between the 250 mg and 1000 mg
subgroups in terms of end of oxygen requirement, discharge with oxygen support, and mortality. In addition, the required time to reach
the oxygen-free period in patients discharged without oxygen support was similar in the 2 subgroups, and the majority of patients in both
subgroups reached the oxygen-free period on the 20th day after initiating methylprednisolone.

CONCLUSION: Since there was no difference in clinical improvement between the use of 250 mg or 1000 mg methylprednisolone in
patients with severe coronavirus disease 2019 infection, 1000 mg methylprednisolone was not required.

KEYWORDS: Methylprednisolone, corticosteroid, treatment, anakinra, COVID-19
Received: March 3, 2022 Accepted: October 6, 2022 Publicaiton Date: February 6, 2023

INTRODUCTION

Fourteen percent of coronavirus disease 2019 (COVID-19) cases progress to severe COVID-19 pneumonia. Anti-
inflammatory and anti-cytokine drugs, especially corticosteroid therapy, constitute the backbone of treating such severe
COVID-19 infection.™* The severe clinical course in COVID-19 is associated with an excessive and uncontrolled
immune response. Severe lung injury and acute respiratory distress syndrome (ARDS) develop in relation to excessive
immune response, and the disease may progress to a fatal course.* It has been demonstrated that immunomodulatory
and immunosuppressive therapies and interleukin-blocking agents used to suppress the excessive immune response in
COVID-19 disease reduce hospital stay and increase survival.’®

Corticosteroids positively contribute to the treatment when administered with appropriate timing in ARDS and sepsis
cases.® In addition, the benefit of using corticosteroid therapies in patients who need oxygen support in COVID-19 disease
has been proven to be effective in clinical trials designed as randomized controlled.”? Recent studies report that the short-
term use of methylprednisolone (MTP) at a dose of 250 mg/day in severe COVID-19 pneumonia reduces mortality and
the need for oxygen support and improves inflammation markers.”’® Although not yet clearly supported by randomized
controlled studies, it has been reported in a case series that short-term treatments of 500 mg/day and 1000 mg/day MTP
also reduce mortality and contribute to lung recovery.>'" In a multicenter retrospective cohort, Cusacovich et al' reported
that corticosteroid pulses reduce the mortality in severe COVID-19 patients.

The present study firstly aimed to investigate the impact of the treatment regimens containing low- and high-dose steroids
on reducing mortality and shortening recovery time in patients who were followed up with severe COVID-19 pneumo-
nia and deteriorated clinically. Secondly, if steroid treatment had an impact, we aimed to evaluate whether there was a
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difference between the 250 mg/day and 1000 mg/day posol-
ogy regarding clinical outcomes, recovery time, and mortality.

MATERIAL AND METHODS

Study Design and Setting

This retrospective observational study was performed in one
of the country’s reference hospitals for COVID-19 infec-
tion between March 2020 and January 2021. Patients over
18 vyears of age who were admitted to the hospital with
COVID-19-related pneumonia (progressed to severe pneu-
monia during hospitalization), severe pneumonia, and criti-
cal illness were reviewed. Among these patients, those with
clinical deterioration under standard therapy during their
hospitalization period were included in the study.

An informed consent form was obtained from all patients
included in the study. Ethical approval was provided by the
Turkish Ministry of Health and the Ankara City Hospital
Ethical Committee 2 with the number E2-21-31.

Patient Population

All included patients were those whose follow-up was started
in the wards. Patients who needed intensive care support
during their follow-up were transferred to the intensive care
unit (ICU) and admitted back to the wards when the need
for intensive care was ended. Disease severity was based
on the WHO guideline classification. Patients with any
oxygen saturation of <90% in room air, respiratory rate of
>30/min, or examination finding indicating respiratory dis-
tress were categorized as having severe COVID-19 pneumo-
nia. Those patients with ARDS, sepsis, and septic shock and
those needing mechanical ventilation or vasopressor support
were categorized as critically ill patients.

Standard of care was constituted based on the recommen-
dations of the Ministry of Health of the Turkish Republic
COVID-19 guidelines, which includes treatment protocols
that are regularly updated depending on the achievements
in the literature." Based on this public guideline, the time-
varying treatment algorithms applied for COVID-19 patients
in our center before and after August 2020 are presented in
Figure 1. Before August 2020, all patients received favipiravir
and anticoagulant therapy as the standard of care 1 (SOC 1).
Low- or high-dose steroid treatment was not used during this
period, so these patients were accepted as the non-pulse
group. In case of clinical deterioration in these patients in
this period, basic life support and/or tocilizumab, anakinra,
intravenous immunoglobulin (IVIG), and stem cell transfu-
sion were applied to the patients.

MAIN POINTS

e High-dose methylprednisolone (MTP) reduces mortality
and shortens recovery time in severe coronavirus disease
2019 (COVID-19) infection.

e There is no difference between mortality and recov-
ery time in the use of methylprednisolone at a dose of
250 mg/day or 1000 mg/day.

e There is no need to use a higher dose of methylpredniso-
lone than 250 mg/day in severe COVID-19 infection.

In the updated ministry guideline, it was recommended to
use 0.5-1 mg/kg of prednisolone or equivalent corticosteroid
in patients who needed oxygen support due to respiratory
distress and to use high-dose (>250 mg/day) MTP in case of
no response to this treatment within 24 hours. In addition,
it was advised that anti-cytokine therapy should be used in
patients with clinical progression under high-dose MTP ther-
apy.'* Based on our updated treatment algorithm, after August
2020, patients received favipiravir, anticoagulant therapy,
and 0.5-1 mg/kg/day MTP (or equivalent) as the standard of
care 2 (SOC 2). In case of clinical deterioration under SOC 2,
firstly, patients were administered high-dose MTP therapy for
3 days. Therefore, patients with clinical deterioration during
this second period were defined as the pulse group. We used
2 different MTP high doses for the pulse group, a dose of
250 mg/day and 1000 mg/day. The high dose of MTP used in
patients was determined by the team of specialist physicians
who followed up the patient. The MTP dose was continued as
1 mg/kg/day as of the fourth day for patients whose need for
oxygen support and acute-phase reactants regressed under
3 days of high-dose MTP treatment.

If the patients’ need for oxygen support did not regress and/or
acute-phase reactants continued to increase after the third day
of high-dose MTP, we added anakinra to the therapy. Anakinra
was used at a dose of 2-10 mg/kg, divided into 4 doses.

Clinical deterioration was defined as persistent high fever,
increase in oxygen support requirement within 24 hours,
deepening of lymphopenia and thrombocytopenia, and
increase in acute-phase response under SOC 1 and SOC 2
presented in Figure 1.

Follow-up Characteristics and Clinical Outcomes
Demographic characteristics and comorbid diseases of
patients, time from symptom onset to admission, and time
from symptom onset to clinical deterioration were obtained
from the patient files and hospital electronic database. Fever
(>38.0°C), oxygen support level [percent of fraction of
inspired oxygen (FiO,) required to keep oxygen saturation
(SpO,)>93%, and SpO,/FiO, ratio were recorded. The low
SpO,/FiO, ratio reveals the need for higher oxygen support,
which is expected to increase under treatment. The follow-
ing laboratory parameters were also recorded: white blood
cell, lymphocyte and platelet counts, creatine kinase, lactate
dehydrogenase (LDH), C-reactive protein (CRP), procalcito-
nin, interleukin-6, ferritin, and p-dimer. Antiviral and anti-
cytokine therapies, complications of COVID-19 disease, and
the need for ICU follow-up were noted for all patients.

In order to evaluate the clinical course, fever, SpO,/FiO, ratio,
and laboratory parameters listed above were evaluated on
the following days: (i) the day of hospital admission, (ii) the
day of clinical deterioration/first day of high-dose pulse or
other additional therapies, (iii) the third day of pulse therapy,
(iv) the fifth day of pulse therapy, and (v) the day free of oxy-
gen support.

Any clinical conditions, including thromboembolic events,
acute renal failure under treatment, blood sugar dysregula-
tion, or increased blood pressure, were considered the devel-
opment of complications of COVID-19 disease.
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A Treatment protocol for COVID-19 infection (March - Agust 2020)
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*respiratory rate >30 /min)
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—
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Stopped after 7-10 days

.
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|
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Tocilizumab
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Stem cell

Treatment protocol for COVID-19 infection (Agust 2020- January 2021)
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*respiratory rate >30 /min)

!

Standart of care 2
¢ Favipravir £ hydroxychloroquine

* Enoxaparin 0.1 mg/gin once daily
« 0,5-1mg/kg/gin MTP IV once dai

Clinical improvement

!

™

Clinical deterioration®*(Box 1)

*Box1
* increasing in acute phase response
* continuing fever
* deepening of lymphopenia and
thrombocytopenia
* increase in CRP, IL-6 ferritin, D
dimer, fibrinogen, LDH, AST, ALT levels
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!
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Figure 1. (A) Treatment protocol for coronavirus disease 2019 (COVID-19) infection (March-August 2020). (B) Treatment protocol for

COVID-19 infection (August 2020-January 2021)

We compared the pulse and non-pulse groups in terms of pri-
mary clinical outcomes consisting of death, discharge with-
out oxygen support, discharge with oxygen support, and time
to reach period without oxygen support in patients who were
discharged without oxygen. As a secondary outcome, the

requirement of ICU follow-up and the development of com-
plications were evaluated for the pulse and non-pulse groups.
The need for anakinra treatment in patients unresponsive to
high-dose MTP was also compared as a secondary outcome.
In the same way, we compared 2 different high-dose steroid
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dose subgroups within themselves for all primary and sec-
ondary outcomes.

Statistical Analysis

Statistical analysis was performed using IBM Statistical
Package for Social Sciences Statistics for Windows version
25.0 (IBM Inc., Armonk, NY, USA). Descriptive statistics
were presented using median and interquartile range (25th-
75th percentiles) for continuous variables and frequency
and percentage values for categorical variables. The Mann—
Whitney U-test compared age, duration of symptom onset
to admission and initial clinical deterioration, and clinical
and laboratory findings on admission day and the initial
day of MTP between pulse and non-pulse groups (absent
and exist) and 250 mg versus 1000 mg. The relationship
between pulse steroid use and categorical variables (gen-
der, presence of comorbid disease, clinical severity param-
eters, clinical outcomes, development of complication, and
requirement of hospitalization in the ICU) was investigated
using the Pearson chi-square test when the test assumptions
were satisfied. Otherwise, Fisher’s exact test was used. Time
after high-dose methylprednisolone therapy to reach an oxy-
gen-free condition was compared between non-pulse and
pulse steroid groups using Kaplan—Meier curves. Statistical
significance was regarded as a P-value <.05 in overall
comparisons.

RESULTS

One hundred thirty-eight patients with severe COVID-19
pneumonia who had clinical deterioration during hospital-
ization were enrolled in the study. Thirty-six patients who met
the inclusion criteria before August 2020 were included in
the non-pulse group, while 102 patients who met the inclu-
sion criteria after August 2020 formed the pulse group.

Comparison of Pulse and Non-pulse Groups

Demographic and clinical characteristics of patients and
laboratory findings of the pulse and non-pulse groups on
the day of admission and the day of clinical deterioration
are given in Table 1. Age, gender, comorbid diseases, and
duration of symptom onset to initiation of clinical deteriora-
tion were similar in the 2 groups. The duration of symptom
onset to admission was longer and the need for oxygen sup-
port (SpO,/FiO, ratio) on the day of hospital admission was
higher in the pulse group compared to the non-pulse group
(P = .003, <.001, respectively). C-reactive protein, ferritin,
and LDH values on the day of hospital admission were also
higher in the pulse dose group than in the non-pulse group
(P =.004, .004, and <.001, respectively).

In the non-pulse group, in case of clinical deterioration,
4 patients were treated with tocilizumab, 3 with anakinra,
1 with IVIG, and 2 with stem cell therapy. In the pulse group,
all patients received pulse therapy in case of clinical dete-
rioration, and 26 patients unresponsive to pulse dose MTP
therapy were administered anakinra treatment.

The comparison of the patient group according to admin-
istration of pulse steroid therapy regarding primary clinical
outcomes revealed that those receiving high-dose steroid
therapy had lower mortality rates, higher rates of discharge

without oxygen support, and a shorter time to reach oxygen-
free condition (P < .001 for each) (Table 4, Figure 2).

Comparison for 250 mg Versus 1000 mg Subgroups

A total of 102 patients with clinical deterioration had
received 2 different high doses of MTP treatment. Of them,
32 received 250 mg/day MTP and 70 had 1000 mg/day
MTP Those 2 patient subgroups administered different
high doses were compared for clinical outcomes within
themselves. Demographic and clinical characteristics of
the patient subgroups and laboratory findings on the day
of admission and the day of clinical deterioration/initial
day of high doses are presented in Table 2. The patients
in the 250 mg subgroup were older (P < .001) and had
more comorbid diseases (at least 1), hypertension, and
pulmonary disease compared with the 1000 mg subgroup
(P = .02, .04, .03, respectively). Duration of symptom
onset to hospital admission and duration of symptom onset
to initiation of high-dose MTP (clinical deterioration) were
longer in the 250 mg subgroup. Laboratory and clinical
parameters were similar between the 2 subgroups, except
for the leukocyte count taken on the day of clinical deter
joration/initial day of high doses, which was higher in the
250 mg/day subgroup compared to the 1000 mg/day MTP
group (P < .001). The comparison of laboratory values on
the third, fifth, and the day when the patient could breathe
without oxygen support under high-dose MTP treatment is
given in Table 3.

The rates of patients who required anakinra treatment due to
being unresponsive to high-dose MTP were not statistically
different in the 250 mg/day and 1000 mg/day subgroups
(31.3% and 22.9%, respectively, P=.136) (Table 4).

In the non-pulse group, 9 (25%) patients underwent
mechanical respiratory support, and the median duration
of mechanical ventilation was 10 (2-27) days. In the pulse
group, 10 (10%) patients received mechanical ventilation
support, and the median duration was 5 (1-10) days. Two
(6.2%) of 32 patients in the 250 mg subgroup and 8 (11.4%)
of 70 patients in the 1000 mg subgroup had mechanical
ventilation support, and the median duration of mechani-
cal ventilation in these subgroups was 7 (5-9) and 5 (1-10)
days, respectively. When the 2 groups were compared in
terms of clinical outcomes, there was no difference in mor-
tality and discharge rates with or without oxygen support
(Table 2 and Figure 2). No difference was observed between
the 250 mg/day and 1000 mg/day MTP subgroups in terms
of time to reach the oxygen-free day in patients discharged
without oxygen support. Most patients in both groups
reached the oxygen-free period on the 20th day after start-
ing MTP (Figure 2).

DISCUSSION

In this study, the use of low- and high-dose MTP was detected
to be a significant contribution to clinical recovery and
survival. The survival or oxygen-free discharge rates were
significantly higher, and the time to reach the oxygen-free
period was shorter in patients who received high-dose MTP
than in those who did not receive it. A second critical result
of our study was that this positive effect was achieved even
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Table 1. Clinical and Demographic Characteristics of the Patients Based on Pulse and Non-pulse Group

Age, median (IQR)

Gender (male), n (%)

Comorbid disease (at least 1), n (%)
Coronary artery disease
Hypertension
Diabetes mellitus
Pulmonary disease

Clinical severity, n (%)

Pneumonia
Severe pneumonia—critical disease

Duration of symptom onset to admission (day),
median (IQR)

Duration of symptom onset to initial clinical
deterioration (day), median (IQR)

Clinical and laboratory findings on admission day, median (IQR)

Fever, °C, n (%)
SpO,/FiO, ratio
White blood cell, 10%/L
Lymphocyte, 10%/L
Platelet, 10°/L
C-reactive protein, g/L
IL-6, pg/mL
Procalcitonin, pg/L
Ferritin, pg/L

p-dimer, mg/L
Creatine kinase, U/L

Lactate dehydrogenase, U/L

Clinical and laboratory findings on the initial day of MTP median (IQR)

Fever (>38.0°C), n (%)
SpO,/FiO, ratio

White blood cell, 10%/L
Lymphocyte, 10%/L
Platelet, 10°/L
C-reactive protein, g/L
IL-6, pg/mL
Procalcitonin, pg/L
Ferritin, pg/L

p-dimer, mg/L

Creatine kinase, U/L
Lactate dehydrogenase, U/L

IL, interleukin; IQR, interquartile range; MTP. methylprednisolone.

Pulse Group Non-pulse Group
(n =102) (n =36) P
61 (50-70) 63.5 (52-71.5) .52
82 (80.4) 22 (61.1) .02*
60 (58.8) 24 (66.7) AT*
21 (20.6) 10 (27.8) 37*
42 (41.2) 14 (38.9) .81
26 (25.5) 10 (27.8) 79*
3(2.9) 5(13.9) .03*
.86*
27 (26.5) 9 (25)
75(73.5) 27 (75)
7 (5-10) 3 (2.5-7.5) .003
9 (7-11) 9 (5.5-13.5) .86
44 (43.1) 21 (58.3) 2%
2.5(1.9-3.1) 4.3 (2.6-4.5) <.001
7.1 (4.9-9.2) 5.5 (4.6-7.9) .09
0.7 (0.5-1) 0.9 (0.6-1.1) .08
195 (164-265) 193 (142.5-235) 21
0.1 (0.1-0.2) 0 (0-0.1) .004
30.6 (14.8-61.9) 35.3(23.5-41.7) A4
0.1 (0-0.2) 0.1 (0-0.3) 74
530.5 (269-1132) 245 (77.5-495) .004
0.8 (0.5-1.4) 0.9 (0.4-1.9) .94
147.5 (75-281) 87.5 (59.5-183.5) .06
392.5 (317-525.5) 286.5 (234-417) .000
22 (21.6) 21 (58.3) <.0071*
2 (1.5-2.6) 2.3 (1.8-2.6) 22
8.7 (6.2-12.3) 6.4 (5.1-9.3) .01
0.6 (0.4-0.8) 0.7 (0.6-1.1) .007
250.5 (198.5-314) 215 (163.5-277) .03
0.1 (0.1-0.2) 0.1 (0-0.2) .80
28.3 (12.5-61) 55.1 (31.5-95.5) .03
0.1 (0-0.2) 0.1 (0.1-0.6) .06
634.5 (354.5-1361.5) 626 (161.1-1240) .24
0.7 (0.5-1.3) 1.1 (0.6-2.4) .02
122 (67-276) 111 (64-258.5) .87
431 (336-571) 398 (300.5-519.5) 12

*Comparison from chi-square test, if not indicated Mann-Whitney U-test.

with a relatively low dose of pulsed MTP of 250 mg/day.
We determined no differences between 250 mg/day and
1000 mg/day doses of MTP in terms of primary or secondary
outcomes and treatment failure.

Randomized controlled clinical studies demonstrated that
corticosteroid treatments used at 0.5-1.0 mg/kg/day doses
reduce mortality. This result has been supported by several
meta-analysis studies.”® In addition, comparing the use of 6
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Figure 2. Time to reach free of oxygen support day.

mg dexamethasone equivalent with 250 mg MTP (3 days), it
was reported that it would be a successful option in patients
who did not respond to the initial low-dose corticosteroid
treatment.” In the studies of Cusacovich et al and Edalatifard
et al.’>? 250 mg/day (3 days) pulse therapies were adminis-
tered to 124 and 34 patients, respectively, and the results were
compared with the standard therapy. The authors reported
that MTP pulse therapy was an effective therapeutic agent in
severe COVID-19 patients and reduced mortality. Although
Ferndndez-Cruz et al reported that the in-hospital mortality
rate was similar between the patients administered low-dose
or high-dose corticosteroids, a current meta-analysis in which
randomized controlled studies were included concluded that
high-dose MTP therapy may be a promising treatment alter-
native in severely ill patients.'®'” The results of our study also
support the effectiveness of high-doses steroids detected in
the meta-analysis. In the present study, all the patients in the
pulse group were treated with low dose (0.5-1 mg/kg/day) of
MTP at the beginning of hospitalization and received high-
dose MTP due to clinical deterioration. More than 90% of
the patients responded well to high-dose MTP and only 8.8%
died in the pulse group, whereas 52.8% died in the non-pulse

group.

Pulse and non-pulse group patients were included in the
study in different periods. However, their demographic char-
acteristics, clinical features, and laboratory values on admis-
sion were not different. Moreover, the patient in the pulse
group had higher CRP LDH, and ferritin levels on the day of
clinical deterioration and needed a higher level of oxygen
support (lower SpO,/FiO, ratio). The current literature and
our centers’ results indicate an association between higher
levels of LDH, CRP and ferritin and severe COVID-19 infec-
tion.'®"® Although the patients in the pulse group had the
characteristics associated with a more severe clinical course,
a better clinical response was achieved by pulse therapy.
Lower rates of the requirement of ICU and mortality and a

shorter time to reach the oxygen-free period were detected
in the pulse group. The study of Lépez Zuiiiga et al™
reported that high-dose (1.5 mg/kg/day) corticosteroid treat-
ment was effective in increasing survival. In addition, lkeda
et al* revealed that the duration of mechanical ventilator
support was shorter in those who received corticosteroids
than in those who did not. In the same study, it was con-
cluded that the duration of mechanical ventilation support
was shorter in patients receiving high-dose corticosteroids
than in patients receiving low-dose corticosteroids. There is
no consensus in the literature on the optimal type and dose
of steroids that should be used in severe patients. Doses of
125-500 mg/day MTP have been used as posology in clinical
studies.”'®!? There are no studies comparing different high
doses of steroids with each other. Reports on using 1000 mg/
day MTP in severe COVID-19 are limited to case series.>'
The fact that a high dose of 1000 mg/day of MTP was used
in 70 patients in our study provides a notable experience
about the results of using such a high-dose MTP in severe
COVID-19 patients.

Although the patients in the 250 mg/day subgroup were older
and had more comorbid diseases, their laboratory parameters
were not different at admission and at the time of clinical
deterioration. In addition, there were no significant differ-
ences between 32 patients treated with 250 mg/day MTP and
70 patients treated with 1000 mg/day MTP for these param-
eters on the third and the fifth day of pulse treatment and the
day free of oxygen support. Correspondingly, the course of
laboratory values was similar on the third and the fifth day of
pulse treatment and the day free of oxygen support.

Anakinra treatment was used in 26 of 102 patients who
received pulse therapy due to clinical failure based on the
treatment algorithm. In comparison of the 250 mg/day and
1000 mg/day MTP subgroups, there was no significant differ-
ence in terms of clinical unresponsiveness and the need for
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Table 2. Clinical and Demographic Characteristics of the Patients Based on the Methylprednisolone Dose

250 mg Subgroup

1000 mg Subgroup

(n=32) (n=70) P
Age, median (IQR) 67.5 (59.5-72) 57.5 (46-66) <.001
Gender (male) 23 (71.9) 59 (84.3) 14%
Comorbid disease (at least 1) 24 (75) 36 (51.4) .02*
Coronary artery disease, n (%) 7 (21.9) 14 (20) .83*
Hypertension, n (%) 18 (56.3) 24 (34.3) .04*
Diabetes mellitus, n (%) 10 (31.3) 16 (22.9) 37*
Pulmonary disease, n (%) 3(9.4) 0 (0) .03*
Clinical severity, n (%) 23*
Pneumonia 6 (18.8) 21 (30)
Severe pneumonia—critical disease 26 (81.3) 49 (70)
Duration of symptom onset to admission, median (IQR) 7 (6-10) 7 (4-9) .03
days
Duration of symptom onset to initial high-dose MTP 11 (8-12) 8.5 (6-11) .02
median (IQR) days
Clinical and laboratory findings on admission, median (IQR) days
Fever, °C, n (%) 12 (37.5) 32 (45.7) A44%
SpO,/FiO, ratio 2.2 (1.5-3) 2.8 (2.2-3.2) 1
White blood cell, 10%/L 8.6 (6.2-13.2) 5.9 (4.7-8.8) .006
Lymphocyte, 10%/L 0.69 (0.4-1.0) 0.75 (0.57-0.95) 42
Platelet, 10%/L 213.5 (162.5-261) 189.5 (164-271) 46
C-reactive protein, g/L 0.1 (0.1-0.2) 0.1 (0.1-0.2) .60
IL-6, pg/mL 23 (14-40) 36.9 (18-68.3) .23
Procalcitonin, pg/L 0.1 (0-0.1) 0.1 (0-0.3) 24
Ferritin, pg/L 400.5 (226-739.5) 600 (287-1200) .16
p-dimer, mg/L 1(0.5-1.8) 0.7 (0.5-1.2) .56
Creatine kinase, U/L 110 (55-199) 163 (81-310) .07
Lactate dehydrogenase, U/L 417 (348-494) 371 (305-528) .24
Clinical and laboratory findings on initial pulse, median (IQR) days
Fever, °C, n (%) 6 (18.8) 16 (22.9) .64*
SpO,/FiO, ratio 1.7 (1.4-2.4) 2.2 (1.5-2.6) .29
White blood cell, 10%/L 10.49 (8.18-16.83) 7.8 (5.31-11.4) <.001
Lymphocyte, 10%/L 0.59 (0.38-0.85) 0.63 (0.485-0.835) .36
Platelet, 10%/L 244 (207-331) 258 (195.5-312) .78
C-reactive protein, g/L 0.1 (0.1-0.2) 0.1 (0.1-0.2) .66
IL-6, pg/mL 26.5 (15.4-64.1) 29 (12.5-55.2) .89
Procalcitonin, pg/L 0.1 (0-0.2) 0.1 (0-0.2) .39
Ferritin, pg/L 562 (402--1016) 709 (316.5-1413) .54
p-dimer, mg/L 0.9 (0.5-1.6) 0.7 (0.5-1.2) 41
Creatine kinase, U/L 100 (61-268) 127 (74-289) 34
Lactate dehydrogenase, U/L 476 (366-571) 417 (313-572) .16

IL, interleukin; IQR, interquartile range; MTP. methylprednisolone.
*Comparison from chi-square test, if not indicated Mann-Whitney U-test.

anakinra treatment. Anakinra treatment has been reported to
be a safe and effective alternative treatment in severe COVID-
19 patients that reduces the need for mechanical ventilation
and mortality rates.?'??

Due to their potential anti-inflammatory effects, cortico-
steroids effectively suppress lung inflammation by reduc-
ing proinflammatory cytokines and excessive cytokine
response in the severe phase of the disease.?’It is known that



Table 3. Improvement of Oxygen Requirement and Laboratory Parameters After Pulse Therapy in 250 mg and 1000 mg

Subgroups

FiO,/SpO, ratio

Third day

Fifth day

White blood cell, 10%/L
Third day

Fifth day

Free of oxygen support day
Lymphocyte, 10%/L

Third day

Fifth day

Free of oxygen support day
Platelet, 10%/L

Third day

Fifth day

Free of oxygen support day
C-reactive protein, g/L
Third day

Fifth day

Free of oxygen support day
Interleukin-6, pg/mL

Third day

Fifth day

Free of oxygen support day
Procalcitonin, pg/L

Third day

Fifth day

Free of oxygen support day
Ferritin, pg/L

Third day

Fifth day

Free of oxygen support day
p-dimer, mg/L

Third day

Fifth day

Free of oxygen support day
Creatine kinase, U/L

Third day

Fifth day

Free of oxygen support day
Lactate dehydrogenase, U/L
Third day

Fifth day

Free of oxygen support day

*All comparisons: Mann-Whitney U-test.
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250 mg Subgroup
(n=32)

1.52 (1.13-2.27)
1.68 (1.18-2.69)

11.1 (8.22-15.94)
9.33 (7.7-12.31)
8.57 (6.72-11.42)

0.525 (0.320-0.86)
0.57 (0.41-1.05)
1.09 (0.86-1.74)

270 (237-377)
302 (262-360)
287 (224-374)

0.04 (0.03-0.12)
0.03 (0.02-0.05)
0.01 (0-0.02)

14.1 (59-26.2)
12.65 (9-30.65)
12 (5.3-19)

0.05 (0.03-0.28)
0.07 (0.03-0.12)
0.03 (0.03-0.03)

592 (374-1188)
453 (316-991)
373.5 (122-746)

0.83 (0.67-1.58)
0.99 (0.66-1.93)
0.44 (0.3-1)

75 (45-133)
51 (31-70)
33.5 (21-60)

502.5 (384-618)
432 (384-520)
321 (275-386)

1000 mg Subgroup
(n=70)

2.04 (1.19-3.14)
2.09 (1.13-3.14)

10.415 (8.34-12.88)

9.725 (7.3-13.36)
9.41 (6.58-12.83)

0.53 (0.43-0.78)
0.7 (0.46-1.09)
1.34 (0.77-1.98)

306 (230-381)
312 (251-408)
338 (245-394)

0.05 (0.03-0.1)
0.02 (0.01-0.06)
0.01 (0-0.03)

8.03 (4.3-23)
13.55 (5.38-29)
5.96 (3.9-15.3)

0.05 (0.03-0.11)
0.06 (0.03-0.13)
0.04 (0.03-0.08)

703 (382-1462)
652 (372-1517)
581 (286-928)

0.58 (0.37-0.95)
0.92 (0.55-1.71)
0.55 (0.35-1.45)

73.5 (43.5-174.5)
53 (37-117)
39 (29-73)

401.5 (328-527)
388 (313-533)
317 (258-402)

16
.84

.25
.07
.63

.75
.16
.95

.20
73
31

.88
.96
.18

.19
.28
13

.97
15

.007

.78
41

.017

.66
.25

44
15
.10

.010

.61
.83

73
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Table 4. Primary and Secondary Outcomes for Pulse and Non-pulse Groups and 250 mg and 1000 mg Subgroups

Pulse Non-pulse
Group Group
(n =102) (n = 36) P*
n (%) n (%)
Clinical outcomes, n (%) <.001
Discharged without 85 (83.3) 17 (47.2)
oxygen support
Discharged with 8 (7.8) 0 (0)
oxygen support
Exitus 9 (8.8) 19 (52.8)
Development of 17 (16.7) 16 (44.4) <.001
complication, n (%)
Requirement of intensive 44 (43.1) 29 (80.6) <.001

care unit, n (%)

*All comparisons: chi-square test.

corticosteroids regulate excessive immune response in case
of sepsis®*, and are similarly effective in the severe period
of COVID-19 infection.? The use of corticosteroids has some
controversial issues regarding its short- and long-term adverse
effects and disease progression capacity.® In our study, we
could not present a result on this issue because it was a retro-
spective design, and the records were insufficient. However,
it was reported that high-dose MTP shortens the length of ICU
stays without significant side effects.'

This study has some limitations. In our center, there was an
expert consensus that the clinical response to pulse steroid
therapy was successful. Therefore, there was no patient group
who was not given pulse therapy when clinical worsening
occurred. We could not compare the use of high-dose MTP
treatment with low-dose MTP in clinical deterioration. Due
to the retrospective nature of the study, the records of adverse
effects associated with corticosteroid use were insufficient.
Therefore, the side effects of different high doses could not
be evaluated.

In conclusion, the use of high-dose MTP in severe
COVID-19 patients reduces mortality and shortens recov-
ery time. There is no difference between the use of pulse
therapy at a dose of 250 mg/day or 1000 mg/day (for 3 days)
in terms of mortality, recovery time, and clinical course. A
dose of 250 mg/day of MTP is as effective as 1000 mg/day
dose MTP in severe COVID-19 patients, and there is no addi-
tional contribution of a higher dose than 250 mg/day in clini-
cal recovery.

Ethics Committee Approval: Ethical committee approval was
received from the Ethics Committee of Ankara City Hospital Ethical
Committee 2 (Approval No: E2-21-31, Date: 13.01.2021).

Informed Consent: Verbal/Written informed consent was obtained
from the patients who agreed to take part in the study.

Peer-review: Externally peer-reviewed.

250 mg 1000 mg
Subgroup  Subgroup
(n = 32) (n = 70)
n (%) n (%) P
Clinical outcomes, n (%) .25
Discharged oxygen 27 (84.4) 58 (82.9)
support free
Discharged with 4 (12.5) 4 (5.7)
oxygen support
Exitus 1(3.1) 8(11.4)
Requirement of anakinra 10 (31.3) 16 (22.9) 14
therapy, n (%)
Development of 7 (21.9) 10 (14.3) 34
complication, n (%)
Requirement of intensive 16 (50) 28 (40) .34
care unit, n (%)
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on Pro-Brain Natriuretic Peptide, C-Reactive Protein,
Homocysteine, and Cardiac Markers in Patients with
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OBJECTIVE: Obstructive sleep apnea is associated with increased morbidity and mortality, especially cardiovascular and cerebrovascu-
lar, and affects a significant proportion of the population. The study was aimed to determine the levels of pro-brain natriuretic peptide,
C-reactive protein, homocysteine, and cardiac markers (creatine kinase, creatine kinase isoenzyme MB, troponin T) and evaluate the
effectiveness of continuous positive airway pressure therapy in patients with obstructive sleep apnea.

MATERIAL AND METHODS: Pro-brain natriuretic peptide, C-reactive protein, homocysteine, and cardiac markers (creatine kinase,
creatine kinase isoenzyme MB, troponin T) were assessed in blood samples collected before and after continuous positive airway pressure
treatment from the 30 patients included in the study, and their results were compared.

RESULTS: There was a significant decrease between the baseline pro-brain natriuretic peptide and the 6-month pro-brain natriuretic
peptide values after continuous positive airway pressure therapy (P < .05). There was a significant increase in creatine kinase-MB and
troponin T values 6 months after continuous positive airway pressure therapy compared to baseline values (P < .05).

CONCLUSIONS: A significant decrease was observed in pro-brain natriuretic peptide values after continuous positive airway pressure
therapy in obstructive sleep apnea patients without cardiac failure, while a more significant decrease was especially observed among
hypertension patients. This finding suggests that pro-brain natriuretic peptide may be used as an early indicator of cardiac dysfunction in
obstructive sleep apnea patients without any heart diseases except for hypertension.

KEYWORDS: Obstructive sleep apnea, pro brain natriuretic peptide, continuous positive airway pressure
Received: July 21, 2022 Accepted: October 7, 2022 Publication Date: March 28, 2023

INTRODUCTION

Obstructive sleep apnea (OSA) is a disease characterized by recurrent episodes of partial or complete upper airway
obstruction resulting in hypoxia and arousals during sleep.! This disease is associated with increased morbidity and mor-
tality, especially cardiovascular and cerebrovascular, and affects a significant proportion of the population.? Recurrent
apnea in OSA can cause nocturnal hypoxemia and sympathetic hyperactivity; sympathetic hyperreactivity may lead to an
increase in systemic blood pressure followed by endothelial dysfunction due to this increase, while endothelial dysfunc-
tion causes systemic inflammation. Therefore, cardiovascular diseases (CVDs) such as congestive heart failure, hyperten-
sion, arrhythmia, and coronary artery diseases (CADs) are prevalent among these patients.> Obstructive sleep apnea is
considered to be a risk factor for progressive heart failure. Continuous positive airway pressure (CPAP) therapy forms the
basis of a treatment to eliminate obstructive events and prevent daytime sleepiness and cardiovascular complications.

Brain natriuretic peptide (BNP) is a cardiac neurohormone secreted by myocytes after myocardial hypoxemia and ven-
tricular volume expansion. Since ventricular load in the apneic period results in ventricular strain, increased BNP level is
regarded as a prognostic marker in patients with OSA. Studies have revealed increased secretion of N-terminal pro-B-type
natriuretic peptide (NT-pro-BNP) in cardiac problems such as heart failure, CAD, and cardiac hypertrophy and is associ-
ated with poor prognosis. Studies have also shown that BNP levels are affected in different ways in OSA patients.>*” Serum
C-reactive protein (CRP) is an inflammatory marker and is reported to be elevated in patients with OSA.?° Various studies
have reported that homocysteinemia due to intermittent hypoxia may be observed in OSA patients.’®"" Elevated levels
of cardiac biomarkers in serum are expected following ischemia or damage/necrosis of myocytes. Studies investigating
troponin levels in the blood of patients with OSA have reported varying results.”!'213

Corresponding author: Nejdiye Giingordii, e-mail: nejdiyegungordu@gmail.com

Copyright@Author(s) - Available online at thoracrespract.org. Content of this journal is licensed under a Creative Commons
BY _NC Attribution-NonCommercial 4.0 International License.


http://orcid.org/0000-0002-4058-3154
http://orcid.org/0000-0002-0089-1312
http://orcid.org/0000-0001-9244-3818
http://orcid.org/0000-0001-5471-8606
http://orcid.org/0000-0001-8240-863X
http://orcid.org/0000-0003-4906-7006
mailto:nejdi​yegun​gordu​@gmai​l.com
https://creativecommons.org/licenses/by-nc/4.0/
https://creativecommons.org/licenses/by-nc/4.0/

In this study, we aimed to evaluate the effects of recurrent
apnea and hypoxia on pro-BNE CRP homocysteine, and car-
diac biomarker levels in OSA patients and the responses of
these effects to CPAP therapy.

MATERIAL AND METHODS

This study was conducted as a prospective study in the sleep
laboratory of an accredited university. Approval was obtained
from the Ethics Committee of the Cerrahpasa Faculty of
Medicine at istanbul University (No: 20908). Informed con-
sent was obtained from each recruited participant.

Study Participants

Thirty-three patients who were diagnosed with moderate and
severe OSA by polysomnography (PSG) and received CPAP
treatment were prospectively followed up for 6 months.
Inclusion criteria were diagnosis of OSA and recommenda-
tion of a CPAP device, an average daily CPAP use >4 h/day
during the 6-month follow-up period, consent to study par-
ticipation, normal pulmonary function test (PFT) and chest
radiography, and ejection fraction (EF) of >60% on echocar-
diography. Exclusion criteria were refusal to participate in the
study, previous diagnosis of heart failure or detection of heart
failure, diastolic failure or right heart failure on echocardiog-
raphy, abnormal PFT, and recent facial trauma/operation. Two
patients with signs of heart failure on echocardiography and
1 patient who did not show up to follow-up were excluded
from the study.

Demographic and Clinical Characteristics

A data collection form was developed to evaluate the age,
gender, additional diseases, and medications of each patient.
In addition to physical examination, neck circumference,
weight, and height were measured. Body mass index was cal-
culated as kilograms per square meter. Posteroanterior chest
radiography, electrocardiography (ECG), and respiratory
function tests were performed. The EF was used to exclude
>60% cardiac failure. Complete blood count, routine bio-
chemical analysis, and thyroid hormone levels were studied.

Polysomnography and Continuous Positive Airway Pressure
Therapy

Polysomnography was performed using the SOMNOscreen™
Plus PSG device. Measurements were taken and recorded
during nocturnal sleep for 5-8 hours. Polysomnography con-
sisted of 2 electroencephalography (C3A2-O2A1), 2 elec-
trooculogram, 1 chin and 1 leg electromyogram, 1 ECG
recording, oronasal thermistor, hemoglobin oxygen satura-
tion with fingertip pulse oximetry, position evaluation, and
thoracic and abdominal movements. Synchronous video
recording was taken during sleep with the help of a body
position sensor and nasal pressure sensor. The sleep scores
of the patients were scored in 30-second epochs according
to the 2012 American Academy of Sleep Medicine guide-
lines. Apnea was defined as cessation of the airflow for at
least 10 seconds, while hypopnea was defined as >50% dec-
rement in airflow with accompanying arousal and/or >3%
arterial oxygen desaturation.’ Patients were classified as
having mild, moderate, and severe OSA by apnea-hypopnea
index (AHI) 5-15, 15-30, and >30, respectively. Patients who
were recommended CPAP therapy were instructed on how

Glngordu et al. Effect of CPAP in Obstructive Sleep Apnea

to use the device and summoned to 1T-month, 3-month, and
6-month outpatient follow-ups; patients living outside the
city were interviewed over the phone. In these follow-ups,
patients were asked whether they had any difficulties with
the devices, whether they were comfortable with the pressure
settings, and how many hours they used the device. Patients
who did not regularly use the device or who could not be
reached over phone were excluded from the study.

Analysis of Blood Samples

A total of 6 cc of blood was drawn from the patients before
the PSG when CPAP titration was performed and after
6 months of CPAP treatment. Blood samples were collected
between 9:30 am and 11:00 am after 12 hours of fasting using
the standard venipuncture technique. After the blood samples
were centrifuged at 5000 rpm for 5 minutes, the separated
serum was stored at —80°C to study pro-BNP. CRP homo-
cysteine, and cardiac markers (CK, CK-MB, troponin T). The
serum samples were removed from —80°C storage on the day
of study. Pro-brain natriuretic peptide was studied with the
electrochemiluminescence method in the Cobas E170 modu-
lar system device, homocysteine with the immunonephelo-
metric method in the Siemens BN ProSpec device, CK with
the enzymatic (N-acetyl-t-cysteine) method in the Cobas
Hitachi-modular DPP device, CK-MB with the immunoin-
hibition method in the Cobas Hitachi-modular DPP device,
and troponin T was studied with the electrochemiluminesc
ence method in the Cobas e 411 device.

Statistical Analysis

Number Cruncher Statistical System 2007 and Power Analysis
and Sample Size 2008 Statistical Software (Utah, USA) were
used for statistical analysis of the data. Descriptive statistical
methods (mean, standard deviation, median, frequency, 25th-
75th percentile, frequency, percentage) were used to analyze
and present the data. Shapiro-Wilk was used to test normal-
ity distribution of the data. Wilcoxon signed-rank test was used
for the evaluation of the non-normally distributed parameters
to compare 6-month follow-up values to the baseline values.
Mann-Whitney U-test was used for comparing continuous
parameters between 2 groups. Categorical parameters were
compared by using Fisher exact test. McNemar-Bowker test was
used for comparing OSA groups before and after the CPAP treat-
ment. Results were evaluated at significance level of P < .05.

RESULTS

Demographic, clinical, and anthropometric characteristics of
the 30 patients are presented in Table 1.

Twenty-four patients had severe OSA and 6 patients had
moderate OSA. Of 30 patients with OSA, 7 (23%) had hyper-
tension while 5 (16.7%) had diabetes mellitus. Demographic,
clinical, and anthropometric characteristics of the 30 patients
with moderate and severe OSA are presented in Table 2.

Demographic data are shown in Table 3 according to the
presence of hypertension in OSA patients.

Mean AHI was 51.4 at baseline and 5.9 after CPAP therapy.
The decrease after treatment was statistically significant
(Table 4).
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Table 1. Patient Characteristics

Characteristics

(n =30)
Mean + SD
Median (25th-75th Percentile)

Age (years) 46.5 + 9.8
47.5 (38.8-53.3)
Height 168.1 +10.2
167.5 (159.8-177.3)
Weight 96.5+17.5
94.5 (84.8-105)
Body mass index 342 +5.8
94.5 (84.8-105)
Apnea-hypopnea index 51.43 + 25.1
FVC (%) 101.3 £ 12.5
102.5 (90.8-107.3)
FEV1 (%) 98.4+12.8
97.5 (87.8-110)
FEV1/FVC 80.3 +4.3
97.5 (87.8-110)
n (%)
Gender
Male 24 (80)
Female 6 (20)
Smoking history
No 19 (63.3)
Yes 5(16.7)
Quit 6 (20)

Table 2. Characteristics of the 30 Patients with Moderate

and Severe OSA

FEV, forced expiratory flow; FEV1, forced expiratory flow in 1 second;
FVC, forced vital capacity; SD, standard deviation.

There was a statistically significant difference between base-
line and post-CPAP AHI groups; while 73% of patients were
in the severe OSA group at baseline, they were in the mod-
erate obstructive sleep apnea syndrome (OSAS) group after
treatment, while 17% of the patients were in the moderate
OSA group at baseline and were in the mild OSA group after
treatment (Table 5).

Pro-brain natriuretic peptide, CRP homocysteine, and cardiac
biomarkers before and after CPAP treatment are presented
in Table 4. An average decrease of 0.4 units was detected in
6-month follow-up CRP values after CPAP therapy, though
the difference was not statistically significant (P > .05). There
was a significant increase in creatine kinase-MB (CK-MB) and
troponin T values 6 months after CPAP therapy compared to
baseline values (P < .05). A statistically significant correlation
was not observed between homocysteine and creatine kinase
(CK) values at 6-month follow-up compared to baseline values
(P> .05). There was a statistically significant decrease in pro-
BNP values 6 months after CPAP therapy compared to baseline
values (P < .05). Patients who had hypertension had signifi-
cantly higher baseline pro-BNP levels (P < .05) compared
to patients without hypertension; however, this difference

Moderate OSA Severe OSA
(n =6) (n = 24)
Mean + SD Mean + SD
Median Median
(25th-75th (25th-75th
Characteristics Percentile) Percentile) P*
Age 49+7.6 459 +10.3 561
47.5 (43.5-55.8) 47.5 (37.3-53)
Height 171.5 + 8 167.3 +10.7 347
172 (164.5-177.8) 165.5 (159-17.8)
Weight 97 £12.6 96.4 + 18.8 667
97.5 (84.8-108.5) 94.5 (81.5-104.8)
BMI 33 +£3.7 345 +6.3 743
32.5(30-36.9) 33.4(30.9-37.1)
FVC (%) 98.8 +7 101.9 £ 13.6 667
99.5 (93.3-104.3) 105 (90.3-108.5)
FEV1 (%) 97.8 + 8.6 98.5 +13.8 .820
96 (92-106.3) 98 (87.3-110)
FEV1/FVC 80.8 + 4.8 80.1 + 4.3 781
81 (78.3-83.5) 80 (77.3-84)
n (%) n (%) [P
Gender
Male 6 (100) 18 (75) .302
Female 0 6 (25)
Smoking history
No 4 (66.7) 15 (62.5) 1
Yes 1(16.7) 4(16.7)
Quit 1(16.7) 5 (20.8)

BMI, body mass index; FEV, forced expiratory flow; FEV1, forced
expiratory flow in 1 second; FVC, forced vital capacity; OSA,
obstructive sleep apnea; SD, standard deviation.
*Mann-Whitney U-test.

**Fisher exact test.

disappeared after 6 months of CPAP therapy (P > .05). There
was a significant difference in pro-BNP values both before
and after treatment between patients with hypertension and
without hypertension (Table 6, Figures 1 and 2).

DISCUSSION

According to the results of our study, a significant decrease
was observed in pro-BNP and a significant increase in tro-
ponin T and CK-MB values after 6 months of CPAP treatment
compared to baseline values in patients with moderate and
severe OSA without heart failure. No statistically significant
difference was observed between CRP homocysteine, and CK
values after 6 months of CPAP treatment compared to base-
line values.

Kita et al® demonstrated increased serum BNP levels between
02:00 and 06:00 at night in OSAS patients, and this improved
after effective CPAP therapy. In another study by Moller



Table 3. Presence of Hypertension in OSA Patients

Hypertension

Hypertension

#) (n=7) (=) (n=23)
Mean + SD Mean + SD
Median Median
(25th-75th (25th-75th
Characteristics Percentile) Percentile) P*
Age 52.6 £ 10.4 447 +9 .077
51 (48-64) 45 (38-53)
Height 163 +14.8 169.7 + 8.2 .245
159 (150-180) 169 (162-177)
Weight 99 +21.4 95.8 +16.7 .886
93 (80-105) 96 (86-105)
BMI 37.3+6.2 332 2 55 .144
37.5(31.6-43.8)  33.3 (28.6-35.1)
FVC (%) 101.1 £ 15.2 101.3 +12 962
103 (90-116) 102 (91-107)
FEV1 (%) 98.1 +19.3 98.4 +10.7 1
105 (86-110) 97 (89-110)
FEV1/FVC 79.9 + 4.1 80.4 + 4.4 811
80 (79-82) 81 (77-84)
n (%) n (%) pr*
Gender
Male 3 (42.9) 21 (91.3) .016
Female 4 (57.1) 2 (8.7)
Smoking history
No 5(71.4) 14 (60.9) 1
Yes 1(14.3) 4(17.4)
Quit 1(14.3) 5(21.7)
BMI, body mass index; FEV, forced expiratory flow; FEVT,
forced expiratory flow in 1 second; FVC, forced vital capacity;
OSA, obstructive sleep apnea; SD, standard deviation.
*Mann-Whitney U-test.
**Fisher exact test.
Table 4. OSA Classification
Moderate OSA
Overall (n = 30) (n = 6)
Parameters Mean + SD Mean + SD
Median (25th-75th  Median (25th-75th
Percentile) Percentile)
AHI 51.4 £25.1 19.7 + 4.1
50.4 (33.7-66.8) 19.1 (15.6-24.4)
Pressure 74+1.8 6.3 +2.1
4.3 (1.9-7.3) 6.5 (4-8.3)
Post-CPAP AHI 59+75 5.1+9.8
8 (6-8) 0.8 (0.2-9.2)
P <.001 .046

Glngordu et al. Effect of CPAP in Obstructive Sleep Apnea

et al.” a significant difference in BNP levels was observed
after 14 months of CPAP therapy in patients with moderate
OSA. Cifci et al” did not observe a significant change in pro-
BNP levels after 6-month CPAP treatment and reported that
pro-BNP levels in serum were not associated with the severity
of OSA. Colish et al' did not find a significant change in pro-
BNP levels after 1 year of CPAP therapy compared to baseline
values in 47 OSA patients. In another study by Chang et al."
CPAP therapy was found to decrease NT-pro-BNP but had
a significant effect on troponin-T in patients with moderate
and severe OSA. Xu et al'® demonstrated that CPAP treat-
ment was associated with reduced NT-pro-BNP in nonobese
participants with OSA. The results of our study are consistent
with the results of studies by Kita et al.® Xu et al.'® and Chang
et al” but differed from the results of Maller et al.” Cifci
et al.” and Colish et al."

In a study by Sharma et al.'” in which the effects of CPAP
treatment on serum pro-BNP levels were investigated in acute
decompensated heart failure patients with OSA, no signifi-
cant improvement was found in NT-pro-BNP levels after PAP
treatment. In a study by Zhao et al.'® in which the effects of
positive pressure mechanical ventilation treatment on serum
pro-BNP levels were investigated in congestive heart failure
patients with OSA, plasma pro-BNP levels were found to be
significantly decreased in the group treated with CPAP com-
pared to the group receiving only medical treatment, and it
was demonstrated that positive pressure mechanical ventila-
tion treatment may be effective in decreasing BNP levels in
patients with OSA. As for our study, we observed a significant
decrease in pro-BNP with CPAP therapy, despite the fact that
participants were OSA patients without heart disease other
than hypertension.

Tasci et al° demonstrated that there was a significant
decrease in serum NT-pro-BNP levels with nasal CPAP
treatment in patients with hypertensive OSA compared to
normotensive patients. In our study, although patients with
hypertension had significantly higher baseline pro-BNP
levels (P < .05); however, this difference disappeared after
6 months of CPAP treatment. This suggests that CPAP therapy
is more effective in lowering pro-BNP levels in OSAS patients

Severe OSA Hypertension No Hypertension
(n = 24) n=7) (n =23)
Mean + SD Mean + SD Mean + SD
Median (25th-75th ~ Median (25th-75th ~ Median (25th-75th
Percentile) Percentile) Percentile)
59.4 +21.5 59.6 + 22.3 48.9 + 25.8
54.3 (44.6-69) 66.7 (44.6-79.8) 50.2 (32-57.6)
7.7 +1.6 6.6 + 1.4 7.7 +£1.8
4.6 (2.2-7.5) 4.5 (2.7-7.2) 3.9 (1.8-7.6)
6.1+7.1 44+26 6.4 +85
8 (6-8) 7 (6-8) 8 (6-9)
<.001 .018 <.001

AHI, apnea-hypopnea index; CPAP. continuous positive airway pressure; OSA, obstructive sleep apnea; SD, standard deviation.
*Wilcoxon signed-rank test (comparison of AHI and post-CPAP AHI).
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Table 5. OSA Groups After the CPAP Treatment

Baseline Post-CPAP AHI

AHI Mild Moderate Severe P*
Mild 0 0 0 <.001
Moderate 5 (17%) 1 (3%) 0

Severe 22 (73%) 1 (3%) 1 (3%)

AHI, apnea-hypopnea index; CPAP. continuous positive airway
pressure; OSA, obstructive sleep apnea.
*McNemar-Bowker test.

with hypertension, thus providing better hypertension man-
agement. Msaad et al' found that BNP levels significantly
decreased in normotensive and especially hypertensive
OSAS patients after CPAP treatment, which was consistent
with our findings. Brain natriuretic peptide seems to be sensi-
tive enough to detect myocardial stress caused by OSA. As
such, it is a potential marker for screening preclinical cardio-
vascular damage in patients with untreated OSA. This find-
ing suggests that pro-BNP can be used as an early marker of
cardiac dysfunction in patients with OSA without any heart
disease and can be used in the risk management of patients

Table 6. Comparison of Baseline and 6-Month Pro-BNP. CRP Homocysteine, and Cardiac Biomarkers After CPAP

Treatment
Hypertension No Hypertension
Overall (n = 30) Moderate (n = 6) Severe (n = 24) n=7) (n =23)
Mean + SD Mean + SD Mean + SD Mean + SD Mean + SD
Median (25th-75th Median (25th-75th Median (25th-75th Median (25th-75th Median (25th-75th
Percentile) Percentile) Percentile) Percentile) Percentile) P**
Baseline CRP 3.8+29 1.8+ 1 43 +3 44+1.9 3.7 +£3.2 311
3.2 (1.4-5.8) 2.1 (0.6-2.5) 4.3 (1.4-6.3) 4.3 (3.2-5.7) 2.2 (1.3-6)
Control CRP 34+23 4+3.4 3242 38+1.8 33425 471
3.3(1.3-5.3) 3.3(1.3-6.4) 3.3(1.2-5.3) 3.4 (2.8-5.3) 2.5 (1.3-5.2)
p* 252 345 .061 735 270
Baseline CK 120.8 + 71.8 121.5 + 48.7 120.7 + 77.4 93.9 + 37.7 129 + 78.2 413
104 (72.8-138)  128.5 (75.3-147.8)  87.5 (70.3-140) 79 (74-119) 120 (69-141)
Control CK 127.9 + 62.5 138 + 41.8 125.4 + 67.1 112.6 +51.9 132.6 + 65.7 .532
118.5 (78.8-157.5)  141.5(99-178.3)  112.5 (78.3-153) 106 (65-153) 121 (85-162)
p* 136 249 271 .090 420
Baseline 45426 54+2.8 42426 52+39 42421 962
a1 3(3-5.2) 4.6 (3-8.3) 3 (3-4.3) 3(3-9.1) 3 (3-5)
Control 54+26 58+24 53+2.7 6.1 + 3.7 52+23 .564
EEEEn N 4.8 (3-6.8) 5.1 (4.3-7.4) 4.6 (3-6.8) 4.9 (3.4-7.6) 4.8 (3-6.8)
P 027 917 .006 116 112
Baseline 13.1 £5.1 13 + 4 13.2+5.4 8.6 + 2.1 14.5+4.9 .003
ety 12 (8.8-17.3) 12.5 (10-17.3) 12 (8.3-17.8) 8 (7-11) 13 (11-18)
Control 15.7 £ 5.4 13.7 £2.7 16.3 5.9 14.1 + 4.6 16.2 +5.7 360
ChE 14 (11.8-18.3) 14 (11.5-15) 15 (11.3-19.8) 13 (11-17) 15 (12-19)
P .006 786 .004 018 152
Baseline 13.7 3.7 14.6 + 1.6 13.5 + 4.1 13.7 + 4.4 13.7 £ 3.6 598
homocysteine 141 (115.15.7) 142 (13.5-16.4)  13.7 (10.6-15.5)  15.3 (12.2-16.7) 14 (11.3-15.6)
Control 13.8 + 4.6 15.8 + 4.1 133 +4.7 12.8 +4.9 141 £ 4.7 471
homocysteine 15 ¢ (11.1.17.2)  17.4 (11.2-18.9) 12.1 (10-15.3) 11.5 (9.5-18.1) 13.6 (11.6-17)
p* 845 249 864 397 .594
Baseline 26.8 + 30.6 21.8+ 11 28.1 + 33.9 56.6 + 48.5 17.7 +14.9 .025
pieE 15.7 (7.8-33.8) 22.8 (13.4-30.8) 12.9 (6.7-33.9) 34 (18.5-94.9) 12.8 (6.1-28.5)
Control 16.7 +17.5 15 +10.5 17.1+19 27.9 +27.6 13.2+12 245
e EN 7.7 (5-24.3) 12.3 (5-25.9) 5.4 (5-22.8) 12.2 (5-64.4) 5 (5-18.5)
P .004 .080 014 046 044

CK, creatine kinase; CK-MB, creatine kinase-MB; CPAP continuous positive airway pressure; CRP C-reactive protein; Pro-BNP pro-B-type

natriuretic peptide.

*Wilcoxon signed-rank test (comparison of baseline and post-CPAP values).
**Mann-Whitney U-test (comparison of hypertension and non-hypertension).
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Figure 1. Comparison of baseline and 6-month pro-brain natriuretic peptide, C-reactive protein, homocysteine, and cardiac biomarkers after
continuous positive airway pressure treatment by apnea~hypopnea index groups.

with OSA before the occurrence of clinical manifestations,
mortality, and morbidity.

In a study by Shamsuzzaman et al.?® CRP levels were found
to be significantly higher in patients with OSA compared to
the healthy control group; CRP level was significantly corre-
lated with the severity of OSA, and significantly lower CRP
levels were observed after effective CPAP treatment. Yokoe
et al® demonstrated that CRP levels were associated with both
AHI and BMI and decreased after T month of CPAP treatment.
Improvement in AHI with CPAP treatment was found to be
associated with a decrease in CRR In our study, we observed
that there was an average 0.43 unit decrease in CRP levels at the
6-month follow-up, but this decrease was not statistically sig-
nificant. Koktiirk et al?'investigated CRP levels and increased
risk of CVD in OSAS patients and found that CRP levels were
significantly higher in the group that had both OSAS and CVD
compared to the other 2 groups; there was no significant dif-
ference between the OSAS group without CVD and the group
that only had CVD in terms of CRP?' In a study by Chu et al.?
it was observed that CRP was significantly higher in the OSA
group than in the control group, and after 6 months of CPAP
treatment, CRP levels were significantly lower than baseline.??
In another study by Wang et al.?® it was observed that the
level of CRP was significantly lower after CPAP treatment. In

a study by Panoutsopoulos et al.?* it was observed that CRP
significantly decreased after 3 months of CPAP treatment in
OSA patients, > whereas in our study, as well as in some other
studies, % no significant decrease was found in CRP levels
after CPAP treatment. Conflicting results regarding CRP may
be attributed to population differences; some studies have
included participants with more comorbid diseases or have not
reported data regarding comorbid diseases or smoking/alcohol
use, whereas it is known that CRP levels are affected by age,
smoking, gender, and presence of atherosclerotic diseases.?

In a study by Can et al.'" OSA patients with CAD were found
to have higher homocysteine levels compared to OSAS
patients without CAD; however, in our study, no comment
can be made since no CAD patients were included. Kokturk
et al® found that homocysteine levels were significantly
higher in both OSA patients with and without CVD compared
to patients with only CVD and reported that the severity of
OSA was associated with homocysteine levels. Svatikova
et al*® compared patients newly diagnosed with moderate
and severe OSA to a healthy control group matched in terms
of age and BMI without OSA and did not find a significant
difference between the groups in terms of homocysteine lev-
els. Li et al*' found that changes in homocysteine levels in
different OSA patient groups were not proportional to disease
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Figure 2. Comparison of baseline and 6-month pro-brain natriuretic peptide, C-reactive protein, homocysteine, and cardiac biomarkers after
continuous positive airway pressure treatment by the presence of hypertension.

severity and CPAP treatment did not affect homocysteine
levels. Kumor et al*? did not observe a significant change
in homocysteine and leptin levels in OSAS patients after
3 months of CPAP treatment but found a significant decrease
in lipid levels in OSA patients without ischemic heart disease.
In terms of homocysteine, the results of the aforementioned
study were consistent with our results. In our study, the 0.1
unit increase in homocysteine levels at 6 months compared
to baseline homocysteine levels was not statistically signifi-
cant, and this finding is consistent with studies by Svatikova
et al and Kumor et al. The fact that the homocysteine level is
affected by many nonstandardized factors and the insufficient
number of cases may have led to varying results regarding
homocysteine in studies.

Gami et al*® found that nocturnal hypoxia that occurred
in OSA patients caused myocyte damage which increased
troponin levels in the blood. They also reported that tropo-
nin levels in the blood in the morning and at night did not
increase in patients with moderate and severe OSA who also
had CAD. Cifci et al” reported that serum CK-MB and tropo-
nin | levels did not change after 6 months of CPAP treatment
and were not associated with the severity of OSA. Colish
et al'? conducted a prospective study on 47 OSA patients
and did not find a significant change in troponin T levels after
CPAP treatment compared to baseline. Strehmel et al** found

that CPAP treatment had no effect on high-sensitive troponin
T (hs-Trop T) levels. In our study, we observed a significant
increase in troponin T and CK-MB levels after treatment.
Chang et al' reported that CPAP therapy had no significant
effect on hs-Trop T levels. Randby et al** found that OSA
severity increased as troponin T levels increased. In contrast,
Barcel6 et al*® observed a significant increase in high-sensi-
tive cardiac troponin T (hs-cTnT) levels after effective CPAP
which was consistent with our findings. It also indicates that
treatment with CPAP is followed by a rise in hs-cTnT con-
centrations. It is reasonable to suggest that CPAP therapy may
induce a potential degree of cardiac stress, resulting in det-
rimental consequences for the heart. Zhang et al*” observed
elevated hs-cTnT levels in patients with severe OSA and that
CPAP treatment had no effect on these levels. In the pres-
ent study, a statistically significant difference was found in
CK-MB and troponin T values, except for CK after 6 months
of CPAP treatment, compared to baseline values.

The limitations of our study were the low number of patients
in our study group, the subjective evaluation of patient com-
pliance to CPAP, and the lack of a healthy control group.

The strength of our study is important in terms of showing the
effect of CPAP therapy on cardiac biomarkers in OSA patients
without heart failure.



CONCLUSION

While there was no statistically significant change in CRP.
homocysteine, and CK levels, there was a significant change
in pro-BNP troponin T, and CK-MB levels after 6 months of
CPAP therapy in patients with moderate and severe OSAS
without heart failure. A more significant decrease in pro-BNP
levels was observed in hypertension patients. This finding
suggests that pro-BNP may be used as an early indicator of
cardiac dysfunction in OSA patients without any heart dis-
eases except for hypertension.

Ethics Committee Approval: Ethical committee approval was
received from the Ethics Committee of the Cerrahpasa Faculty of
Medicine at Istanbul University University (Approval No: 20908).

Informed Consent: Written informed consent was obtained from all
patients who participated in this study.

Peer-review: Externally peer-reviewed.

Author Contributions: Concept — N.G., $.B.; Design — N.G., $.B.;
Supervision — S.B., B.M.; Materials — N.G., S.B.,, H.C.C., E.C., EA.,
B.M.; Data Collection and/or Processing - N.G., $.B, H.C.C., E.C,, FA.,
B.M.; Analysis and/or Interpretation — H.C.C.; Literature Review —
N.G., S.B.; Writing — N.G.; Critical Review — N.G., S.B., B.M.

Declaration of Interests: The authors have no conflict of interest to
declare.

Funding: This study received no funding.

REFERENCES

1. American Academy of Sleep Medicine. International Classifica-
tion of Sleep Disorders. Diagnostic and Coding Manual (ICSD-
2). 2nd ed. Westchester, IL: American Academy of Sleep
Medicine; 2005.

2. Jennum P Tennesen P Ibsen R, Kjellberg J. All-cause mortality
from obstructive sleep apnea in male and female patients with
and without continuous positive airway pressure treatment:
a registry study with 10 years of follow-up. Nat Sci Sleep.
2015;7:43-50. [CrossRef]

3. Somers VK, White DP Amin R, et al. Sleep apnea and cardio-
vascular disease: an American Heart Association/American Col-
lege of Cardiology Foundation Scientific Statement from the
American Heart Association Council for High Blood Pressure
Research Professional Education Committee, Council on Clini-
cal Cardiology, Stroke Council, and Council on Cardiovascular
Nursing. In collaboration with the National Heart, Lung, and
Blood Institute National Center on Sleep Disorders Research
(National Institutes of Health). Circulation. 2008;118(10):1080-
1111. [CrossRef]

4. Wang TJ, Larson MG, Levy D, et al. Plasma natriuretic peptide
levels and the risk of cardiovascular events and death. N Eng/
J Med. 2004;350(7):655-663. [CrossRef]

5. Tasci S, Manka R, Scholtyssek S, et al. NT-pro-BNP in obstruc-
tive sleep apnea syndrome is decreased by nasal continuous
positive airway pressure. Clin Res Cardiol. 2006;95(1):23-30.
[CrossRef]

6. Kita H, Ohi M, Chin K, etal. The nocturnal secretion of cardiac
natriuretic peptides during obstructive sleep apnoea and its
response to therapy with nasal continuous positive airway pres-
sure. J Sleep Res. 1998;7(3):199-207. [CrossRef]

7. Cifci N, Uyar M, Elbek O, Stiytr H, Ekinci E. Impact of CPAP
treatment on cardiac biomarkers and pro-BNP in obstructive sleep
apnea syndrome. Sleep Breath. 2010;14(3):241-244. [CrossRef]

Glngordu et al. Effect of CPAP in Obstructive Sleep Apnea

9.

10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

24.

Yokoe T, Minoguchi K, Matsuo H, et al. Elevated levels of C reac-
tive protein and interleukin-6 in patients with obstructive sleep
apnea syndrome are decreased by nasal continuous positive air-
way pressure. Circulation. 2003;107(8):1129-1134. [CrossRef]
Visser M, Bouter LM, McQuillan GM, Wener MH, Harris TB.
Elevated C-reactive protein levels in overweight and obese
adults. JAMA. 1999;282(22):2131-2135. [CrossRef]

Mazza A, Bossone E, Mazza F, Distante A. Homocysteine and
cardiovascular  risk. ~ Monaldi ~ Arch  Chest  Dis.
2004;62(1):29-33.

Can M, Acikgoz S, Mungan G, et al. Serum cardiovascular risk
factors in obstructive sleep apnea. Chest. 2006;129(2):233-237.
[CrossRef]

Colish J, Walker JR, Elmayergi N, et al. Obstructive sleep
apnea: effects of continuous positive airway pressure on car-
diac remodeling as assessed by cardiac biomarkers, echocar-
diography, and cardiac MRI. Chest. 2012;141(3):674-681.
[CrossRef]

Chang YS, Yee BJ, Hoyos CM, et al. The effects of continuous
positive airway pressure therapy on troponin-T and N-terminal
pro B-type natriuretic peptide in patients with obstructive sleep
apnoea: a randomised controlled trial. Sleep Med. 2017;39:8-
13. [CrossRef]

Berry RB, Budhiraja R, Gottlieb DJ, et al. Rules for scoring
respiratory events in sleep: update of the 2007 AASM Manual
for the Scoring of Sleep and Associated Events. Deliberations of
the Sleep Apnea Definitions Task Force of the American Acad-
emy of Sleep Medicine. J Clin Sleep Med. 2012;8(5):597-619.
[CrossRef]

Mgller DS, Lind P Strunge B, Pedersen EB. Abnormal vasoac-
tive hormones and 24-hour blood pressure in obstructive sleep
apnea. Am J Hypertens. 2003;16(4):274-280. [CrossRef]

Xu L, Keenan BT, Maislin D, et al. Effect of obstructive sleep
apnea and positive airway pressure therapy on cardiac remod-
eling as assessed by cardiac biomarker and magnetic resonance
imaging in nonobese and obese adults. Hypertension.
2021;77(3):980-992. [CrossRef]

Sharma S, Fox H, Aguilar F, et al. Auto positive airway pressure
therapy reduces pulmonary pressures in adults admitted for
acute heart failure with pulmonary hypertension and obstruc-
tive sleep apnea. The ASAP-HF Pilot Trial. Sleep.
2019;42(7):zsz100. [CrossRef]

Zhao ZH, Liu ZH, Luo Q, et al. Positive pressure ventilation
treatment reduces plasma levels of amino terminal-pro brain
natriuretic peptide in congestive heart failure patients with sleep
apnea. Circ J. 2006;70(5):572-574. [CrossRef]

Msaad S, Marrakchi R, Grati M, et al. How does serum brain
natriuretic peptide level change under nasal continuous positive
airway pressure in obstructive sleep apnea-hypopnea syn-
drome? Libyan | Med. 2016;11:31673. [CrossRef]
Shamsuzzaman AS, Winnicki M, Lanfranchi P et al. Elevated
C-reactive protein in patients with obstructive sleep apnea. Cir-
culation. 2002;105(21):2462-2464. [CrossRef]

Kokturk O, Ciftci TU, Mollarecep E, Ciftci B. Elevated C-reac-
tive protein levels and increased cardiovascular risk in patient
with obstructive sleep apnea syndrome. Int Heart .
2005;46(5):801-809. [CrossRef]

Chu AA, Yu HM, Yang H, et al. Evaluation of right ventricular
performance and impact of continuous positive airway pressure
therapy in patients with obstructive sleep apnea living at high
altitude. Sci Rep. 2020;10(1):20186. [CrossRef]

Wang X, Yue Z, Liu Z, et al. Continuous positive airway pres-
sure effectively ameliorates arrhythmias in patients with obstruc-
tive sleep apnea-hypopnea via counteracting the inflammation.
Am J Otolaryngol. 2020;41(6):102655. [CrossRef]
Panoutsopoulos A, Kallianos A, Kostopoulos K, et al. Effect of
CPAP treatment on endothelial function and plasma CRP levels

83


https://doi.org/10.2147/NSS.S75166
https://doi.org/10.1161/CIRCULATIONAHA.107.189375
https://doi.org/10.1056/NEJMoa031994
https://doi.org/10.1007/s00392-006-0315-9
https://doi.org/10.1046/j.1365-2869.1998.00109.x
https://doi.org/10.1007/s11325-009-0306-y
https://doi.org/10.1161/01.cir.0000052627.99976.18
https://doi.org/10.1001/jama.282.22.2131
https://doi.org/10.1378/chest.129.2.233
https://doi.org/10.1378/chest.11-0615
https://doi.org/10.1016/j.sleep.2017.08.007
https://doi.org/10.5664/jcsm.2172
https://doi.org/10.1016/s0895-7061(02)03267-3
https://doi.org/10.1161/HYPERTENSIONAHA.120.15882
https://doi.org/10.1093/sleep/zsz100
https://doi.org/10.1253/circj.70.572
https://doi.org/10.3402/ljm.v11.31673
https://doi.org/10.1161/01.cir.0000018948.95175.03
https://doi.org/10.1536/ihj.46.801
https://doi.org/10.1038/s41598-020-71584-9
https://doi.org/10.1016/j.amjoto.2020.102655

384

Thorac Res Pract. 2023; 24(2): 76-84

25.

26.

27.

28.

29.

30.

31.

in patients with sleep apnea. Med Sci Monit. 2012;18(12):CR747-
CR751. [CrossRef]

Dorkova Z, Petrasova D, Molcanyiova A, Popovnakova M,
Tkacova R. Effects of continuous positive airway pressure on
cardiovascular risk profile in patients with severe obstructive
sleep apnea and metabolic syndrome. Chest. 2008;134(4):686-
692. [CrossRef]

Burioka N, Koyanagi S, Endo M, et al. Clock gene dysfunction
in patients with obstructive sleep apnoea syndrome. Eur Respir
J. 2008;32(1):105-112. [CrossRef]

Chung S, Yoon 1Y, Lee CH, Kim JW. The effects of nasal con-
tinuous positive airway pressure on vascular functions and
serum cardiovascular risk factors in obstructive sleep apnea
syndrome. Sleep Breath. 2011;15(1):71-76. [CrossRef]

Lear SA, Chen MM, Birmingham CL, Frohlich J). The relation-
ship between simple anthropometric indices and C-reactive
protein: ethnic and gender differences. Metabolism.
2003;52(12):1542-1546. [CrossRef]

Kokturk O, Ciftci TU, Mollarecep E, Ciftci B. Serum homo-
cysteine levels and cardiovascular morbidity in obstructive
sleep apnea syndrome. Respir Med. 2006;100(3):536-541.
[CrossRef]

Svatikova A, Wolk R, Magera M), Shamsuzzaman AS, Phil-
lips BG, Somers VK. Plasma homocysteine in obstructive sleep
apnoea. Eur Heart J. 2004;25(15):1325-1329. [CrossRef]

Li J, Yu LQ, Jiang M, Wang L, Fang Q. Homocysteine level in
patients with obstructive sleep apnea/hypopnea syndrome and

32.

33.

34.

35.

36.

37.

the impact of continuous positive airway pressure treatment.
Adv Clin Exp Med. 2018;27(11):1549-1554. [CrossRef]
Kumor M, Bielicki P Przybytowski T, Rubinsztajn R, Zielifiski J,
Chazan R. Three month continuous positive airway pressure
(CPAP) therapy decreases serum total and LDL cholesterol, but
not homocysteine and leptin concentration in patients with
obstructive sleep apnea syndrome (OSAS). Pneumonol Alergol
Pol. 2011;79(3):173-183.

Gami AS, Svatikova A, Wolk R, et al. Cardiac troponin T in
obstructive sleep apnea. Chest. 2004;125(6):2097-2100.
[CrossRef]

Strehmel R, Valo M, Teupe C. Natriuretic peptide and high-
sensitive troponin T concentrations correlate with effectiveness
of short-term CPAP in patients with obstructive sleep apnea and
coronary artery disease. Clin Med Insights Circ Respir Pulm
Med. 2016;10:33-39. [CrossRef]

Randby A, Namtvedt SK, Einvik G, et al. Obstructive sleep
apnea is associated with increased high-sensitivity cardiac tro-
ponin T levels. Chest. 2012;142(3):639-646. [CrossRef]
Barcel6 A, Esquinas C, Bauca JM, et al. Effect of CPAP treat-
ment on plasma high sensitivity troponin levels in patients with
obstructive sleep apnea. Respir Med. 2014;108(7):1060-1063.
[CrossRef]

Zhang XB, Zeng HQ, Du YR Lyu Z, Zhan FFE High-sensitivity
cardiac troponin T in obstructive sleep apnea patients without
cardiovascular diseases: efficacy of CPAP treatment. Chron
Respir Dis. 2018;15(2):157-164. [CrossRef]


https://doi.org/10.12659/msm.883603
https://doi.org/10.1378/chest.08-0556
https://doi.org/10.1183/09031936.00138207
https://doi.org/10.1007/s11325-009-0323-x
https://doi.org/10.1016/j.metabol.2003.07.005
https://doi.org/10.1016/j.rmed.2005.05.025
https://doi.org/10.1016/j.ehj.2004.05.018
https://doi.org/10.17219/acem/74178
https://doi.org/10.1378/chest.125.6.2097
https://doi.org/10.4137/CCRPM.S40939
https://doi.org/10.1378/chest.11-1779
https://doi.org/10.1016/j.rmed.2014.04.005
https://doi.org/10.1177/1479972317740127

Abstract

Thorac Res Pract. 2023; 24(2): 85-90 DOI: 10.5152/ThoracResPract.2023.22121

Original Article

Respiratory Outcomes at 5-Year Follow-Up in Children with
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OBJECTIVE: Mannose-binding lectin deficiency may predispose children to having increased infection susceptibility. However, there
is no conclusive evidence that mannose-binding lectin deficiency is associated with adverse respiratory consequences in children. We
aimed to evaluate the effects of mannose-binding lectin deficiency (defined as a level of less than 0.6 mg/L) on clinical, radiological, and
microbiological characteristics in children presenting with troublesome respiratory symptoms, as compared to those who are mannose-
binding lectin-sufficient.

MATERIAL AND METHODS: We conducted a retrospective cohort study to investigate the association between mannose-binding lectin
deficiency and respiratory outcomes in children over a period of 10 years in a large teaching hospital. Children presenting with frequent
or persistent respiratory symptoms such as a chronic wet cough lasting more than 4 weeks, recurrent lower respiratory tract infections
(>4 infections in a year), or severe respiratory tract infections requiring admission to intensive care or to high dependency unit were
included in the study.

RESULTS: The study showed no significant difference in clinical outcomes with mannose-binding lectin deficiency and sufficiency.
Thirty-two percent of children with mannose-binding lectin deficiency and 30% of those with mannose-binding lectin sufficiency had
positive respiratory microbiology. Twenty-three percent of children with mannose-binding lectin deficiency and 24% of those with
mannose-binding lectin sufficiency had radiological changes on plain radiographs; also the prevalence of bronchiectasis was similar in
both groups. The rates of admission to pediatric intensive care unit were comparable in the 2 groups.

CONCLUSIONS: Children with mannose-binding lectin deficiency and sufficiency showed similar clinical, radiological, and microbio-
logical characteristics. Our study suggests that there are no childhood adverse respiratory consequences with mannose-binding lectin
deficiency.

KEYWORDS: Child, pediatric, pneumonia, respiratory distress, viruses
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INTRODUCTION

The innate immune system orchestrates immediate defense against infections. It includes mannose-binding lectin (MBL),
which is a liver-produced acute-phase protein and an important first-line defense molecule largely involved in antimi-
crobial recognition and clearing responses.’? It activates the lectin pathway of the complement system, namely cleaving
factor C4 through MBL-associated serine proteases.’

The levels of MBL vary in the population, with a level of less than 0.6 mg/L defined as MBL deficiency.* At birth, the level
is two-thirds of the adult level, which increases to the adult level at T month of life, after which the level of MBL within
each individual is relatively static and there is a small decrease in later life.’

The gene encoding MBL, MBL2, is located on chromosome 10q11.2-q21, consisting of 4 exons.® Mannose-binding lec-
tin-2 gene polymorphism is very common; variability is greatly influenced by a type of mutation altering complement
activation mechanism involved in the opsonization process making bacterial clearance less effective.”

Investigation of MBL deficiency can be performed by the quantification of serum MBL or by genotyping for the MBL
status.® A dilemma with the interpretation of genotyping is that individuals with identical genotypes may differ by 10-fold
in MBL levels.®

Changes in MBL gene expression associated with low MBL protein levels have been found in healthy individuals com-
monly and may vary when measured in disease as an acute-phase protein.’ Emerging studies identified no existing
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association between MBL deficiency and recurrent URTI
such as otitis media in children. These data suggest that low
MBL concentration does not necessarily indicate a propensity
to disease and low levels have to be interpreted alongside
clinical features and existing symptoms.'”

Mannose-binding lectin deficiency is reportedly com-
mon, with more than 10% of the general population being
MBL-deficient.®

The European Society for Immunodeficiencies guideline
lists: MBL deficiency under complement deficiencies and
states that data regarding the clinical impact of MBL defi-
ciency are contradictory and possible effects include suscep-
tibility to bacterial infections and to autoimmunity.

A recent meta-analysis shows that MBL deficiency is asso-
ciated with death in patients with pneumococcal infection
after adjusting other confounders.'? Neonates with low MBL
levels have been deemed to be at higher risk of early-onset
sepsis and pneumonia,’ and children with low MBL lev-
els have often been reported to be at higher risk of severe
infections.'

Mannose-binding lectin deficiency in children has been
reported to lead to decreased opsonizing activity, hence pre-
disposing children to infection." It has been reported to be
associated with a severe respiratory infection, due to impaired
host response to infective agents.’>'® Mannose-binding lectin
deficiency is especially relevant during the vulnerable period
of infancy between 6 and 17 months of age, when mater-
nal antibodies wane and the adaptive immune system is still
developing.'” It has also been associated with more severe
lung disease in cystic fibrosis (CF)'® and also in bronchiecta-
sis not related to CF in adults.’” In children with bronchiec-
tasis not related to CF there were no significant differences
in growth, annual pulmonary exacerbation rates, pulmonary
function tests, radiologic scores, and microbiologic findings
between low, intermediate, and high-expressing MBL geno-
types over the 1-year follow-up.?°

However, in another recent study, MBL levels had no associa-
tion with infection status or with progression from systemic
inflammatory response syndrome to sepsis or septic shock in
children admitted with a severe or life-threatening illness.?!
It has also been shown that MBL deficiency is not associated
with susceptibility to influenza-related critical illness in chil-
dren.?" The literature equally reports no link between MBL
deficiency and severe lower respiratory tract infection caused
by respiratory syncytial virus.??

MAIN POINTS

e The current literature is divided about whether mannose-
binding lectin (MBL) deficiency predisposes children to
having increased infection susceptibility.

e We showed that there are no associations of MBL defi-
ciency with childhood adverse respiratory consequences.

e Children with MBL deficiency and sufficiency showed
similar radiological and microbiological characteristics.

So controversy exists as to when MBL deficiency leads to
disease. Additionally, there is no conclusive evidence that
MBL deficiency is associated with adverse respiratory conse-
quences at follow-up.

The aim of our study was to evaluate any differences in clini-
cal, radiological, and microbiological characteristics in chil-
dren with MBL deficiency (defined as a level of less than 0.6
mg/L) presenting with troublesome respiratory symptoms (fre-
quent, recurrent, persistent, or very severe), as Compared to
those who are MBL-sufficient.

MATERIAL AND METHODS

We performed a retrospective cohort study looking at the
quantification of serum MBL in children over a period of
10 years from 2004 to 2014 at the Nottingham’s Children
Hospital.

This study was approved locally as a service evaluation proj-
ect and ethics approval was not deemed necessary. All the
retrospective data collected were anonymized and there was
no active intervention for patients; hence, informed consent
was not mandated.

We defined a minimum follow-up period of 5 years or more
from the time of the MBL measurement.

The inclusion criteria for the study were as follows:

(i) Age less than 18 years and
(ii) Troublesome respiratory symptoms such as

(@) frequent or persistent respiratory symptoms such as
a chronic wet cough lasting more than 4 weeks or
(b) recurrent lower respiratory tract infections (>4 infec-
tions in a year) or
(c) severe respiratory tract infections requiring admis-
sion to intensive care or to the high dependency
unit.
The MBL level was checked as part of baseline immunology
testing to exclude a primary immune deficiency.

Mannose-binding lectin deficiency was defined as a serum
level <0.6 mg/L. We followed up with a cohort of children
with MBL deficiency and compared their respiratory out-
comes to those with MBL sufficiency.

The primary outcome was the difference in clinical outcomes
in the 2 groups, which included number of admissions to the
pediatric intensive care unit (PICU) and responses to child-
hood immunizations.

We defined a suboptimal response to primary vaccinations
based on antibody titers, which were below the laboratory-
quoted ranges for Haemophilus influenzae B and tetanus.
For the pneumococcal conjugate vaccine (Prevenar13), the
response was deemed as a suboptimal response when fewer
than 8 serotypes were at the desired level.

Secondary outcomes studied were differences in the 2 groups
in radiology findings (chest x-ray (CXR) and computed
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Table 1. Baseline Characteristics of Study Population

MBL-Deficient

(<0.6 mg/L) MBL-Sufficient
Number of children 43 (21%) 163 (79%)
Male (%) 22 (51%) 72 (44%)
Median age in years 8 (3.2to 11) 8 (410 11.8)
(range)

MBL, mannose-binding lectin.

tomography (CT) of the chest), as well in microbiology find-
ings in respiratory samples for positive viral and bacterial
yields.

Statistical Analysis

The data were analyzed using GraphPad Prism 9 software.
We tested for normality, and non-normally distributed data
were expressed as median and interquartile ranges. The chi-
square test was used to compare the follow-up parameters of
MBL-deficient and MBL-sufficient children. The odds ratio,
the 95% confidence intervals, and the P-values were calcu-
lated. P < .05 was considered statistically significant.

RESULTS

A total of 206 patients undergoing MBL testing were included
in the study, out of whom 43 (21%) were MBL-deficient.

The baseline characteristics of the study population are
shown below in Table 1.

The clinical, radiological, and microbiological characteristics
of the MBL-deficient and MBL-sufficient children are sum-
marized in Table 2. There were no clinical or statistical differ-
ences between the 2 groups.

The various follow-up parameters are depicted in Figure 1.

The percentage of children requiring admission to the PICU
was small and similar in the 2 groups. Twenty-eight percent
of children with MBL deficiency and 33% of those with MBL

Abnormal imaging during follow-up 23%
2%

Positive respiratory microbiology

30% deficient
Suboptimal primary vaccine 28%
responses 33%
HMBL
sufficient
Number of children needing 2.3%
emergency PICU admissions 6.7%
0% 20%  40%  60%  80%  100%

Figure 1. Bar chart showing follow-up features of mannose-binding
lectin (MBL)-deficient and MBL-sufficient children.

sufficiency had suboptimal vaccine responses to primary
immunizations.

Thirty-two percent of children with MBL deficiency and 30%
of those with MBL sufficiency had positive microbiology
(respiratory viruses, bacteria, or both).

Twenty-three percent of children with MBL deficiency and
24% of those with MBL sufficiency had changes on plain
radiographs. We performed a subgroup analysis to look at
the presence of bronchiectasis in children undergoing a CT
chest. Five MBL-deficient children and 10 MBL-sufficient
children underwent a CT scan, and the proportion of bron-
chiectasis was similar in both groups, as shown in Figure 2.

Subgroup Analysis-Booster Inmunizations

Our data did not show a difference in the adequacy of
response to primary immunizations in the MBL-deficient
cohort, compared to the MBL-sufficient cohort. Further sub-
group analysis noted that children with MBL deficiency were
clinically less likely to respond well to booster immuniza-
tions (67% of the MBL-deficient children compared to 40%
of MBL-sufficient children), as shown in Figure 3. However,

Table 2. Clinical, Radiological, and Microbiological Parameters over Follow-Up Period

MBL-Deficient (<0.6 mg/L) MBL-Sufficient ~ OR 95% ClI P
Number of children needing emergency PICU 1 (2.3%) 6 (3.7%) 0.62 0.05 to 4 .66
admissions during follow-up (%)
Suboptimal vaccine responses to primary 12 (28%) 53 (33%) 092 043t01.97 .83
immunizations, either to Prevenar, Haemophilus
influenzae B, tetanus, or a combination: N1 (%)
Suboptimal vaccine responses to booster 8/12 (67 %) 21/53 (40%) 3.05 0.86t09.86 .08
immunizations: N2/N1 (%)
Abnormal imaging at any point during 5-year 10 (23%) 39 (24%) 096 045to2.16 .96
follow-up (%)
Bronchiectasis on CT chest 3 out of 5 7 out of 10 0.64 0.08t05.21 .64
Any positive respiratory microbiology (respiratory 14 (32%) 49 (30%) 1.12  0.53t02.27 .75

viruses, bacterial pathogens, or both)

CT, computed tomography; MBL, mannose-binding lectin; OR, odds ratio; PICU, pediatric intensive care unit.

87



88

Thorac Res Pract. 2023; 24(2): 85-90

Risk of bronchiectasis

5 MBL deficient children underwent a CT
chest

1 Bronchiectasis

1 No bronchiectasis

0

Figure 2. Chart showing risk of bronchiectasis in the 2 groups.

100% B Syboptimal
Adequate

80% 67%

60%
60% ‘

40%
33%
40%
20% —
/
/
/
0% w g
MBL deficient MBL sufficient

Figure 3. Adequacy of response to booster immunizations in
mannose-binding lectin (MBL)-deficient and MBL-sufficient children.

the difference was not statistically significant (P = 0.08) due
to small numbers.

DISCUSSION

Different studies have explored the relationship between
MBL deficiency and increased susceptibility to respiratory
infections both in children and adults, with different con-
clusions.'?* Our study did not find adverse clinical, radio-
logical, or microbiological consequences in MBL-deficient
children at 5-year follow-up.

Previous studies have shown an association between MBL
gene polymorphism and more severe upper respiratory tract
infections in children with homozygous mutation of the
MBL2 gene over a 2-year follow-up.?* However, our findings
did not reveal a link between MBL deficiency and increased
positivity of viral or bacterial respiratory samples.

Even though the literature suggests that children with MBL
deficiency are susceptible to infection by specific pathogens

10 MBL sufficient children underwent a CT
chest

1 Bronchiectasis

1 No bronchiectasis

0

such as Streptococcus pneumoniae,® we did not find an
association between MBL deficiency and susceptibility to
pneumococcal community-acquired pneumonia and inva-
sive pneumococcal disease, which could have required PICU
admissions.

The association between MBL protein levels and recur-
rent respiratory infections in children remains debatable.
Confounders such as atopy, parental smoking, and environ-
mental factors, as well as small sample sizes of the studies,
make it difficultto attribute the cause solely to MBL deficiency.

Itis increasingly recognized that MBL genetic polymorphisms
may have an impact on the serum level and function of the
molecule. It has been reported that 3 single nucleotide exonal
substitutions in the MBL2 gene lead to a decrease in func-
tional circulating MBL; the structural variant alleles interfere
with the assembly of MBL trimers and lead the degradation of
the protein. Promoter variants may also influence the expres-
sion of MBL, hence impacting MBL serum concentrations.?®

Low MBL levels, as well as low-producing MBL2 variants, are
described to lead to an increased susceptibility to infections
and also to worse severity of illness.?” This is especially rel-
evant when in cases of an existing weak immune system, for
instance, for infants and young children and patients with CE
or on immunosuppressive treatment.

We advocate that MBL testing performed as part of baseline
immunology testing in children is unnecessary, as the results
seem to guide neither the management nor the prognosis. This
recommendation would be in line with the recommendations
of the recent evidence-based European Respiratory Society
(ERS) guidelines? and result in more cost-effective practice,
given that each MBL level assay costs £24.%° The International
Union of Immunological Societies Expert Committee has in
fact not included MBL deficiency in their recently updated
classification of inborn errors of immunity.*°
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While our study showed that children with MBL deficiency
were more likely to respond inadequately to appropriate
booster immunizations, a previous study did not find an
association between MBL deficiency and response to pneu-
mococcal vaccination.?' Equally, MBL polymorphisms have
been shown not to affect the production and persistence of
antibodies for acellular pertussis.’> Longer-term prospective
studies may shed more light on this area.

The most important strength of the study is the size of the
cohort, with the inclusion of a large number of children, and
a substantial period of follow-up of 5 years or longer. Our
study is hence a robust addition to the existing evidence
regarding the specifics of respiratory infections in children
with MBL deficiency.

Our study had a number of limitations. It was a retrospective
study, which may introduce selection and recall bias. While
undertaking the subgroup analyses, our subgroup numbers
were relatively low. Also, we did not include a symptom score
and hence could not quantify the degree of symptoms that
children with MBL deficiency and sufficiency subjectively
experienced.

Finally, we defined MBL deficiency on biochemical values,
rather than by genetic polymorphisms. Most MBL-disease
association studies to date have assessed MBL2 genotypes
with or without MBL levels, with MBL insufficient genotypes
being XA/O or O/O."" This is different to our study, where we
looked at serum MBL protein levels, rather than the geno-
type and ideally both measures could have been included.
We note that the literature reports that variant alleles can lead
to increased MBL serum levels, but the variant MBL is of a
lower molecular weight and is dysfunctional when compared
to normal MBL.%

CONCLUSION

To conclude, we showed no difference at 5-year follow-up
in clinical, radiological, and microbiological characteristics
between children who are MBL-deficient, compared to those
who have sufficient levels. The rates of admission to PICU
were comparable in the 2 groups. About a quarter of the chil-
dren in both groups had long-term pulmonary changes on
the CXR and the prevalence of bronchiectasis was similar.
Children with MBL deficiency in our cohort are more likely
to respond poorly to appropriate booster immunization, but
the significance of this is unclear.

The study found no adverse respiratory consequences with
MBL deficiency in childhood. This adds to the existing body
of literature that shows no statistically significant association
between MBL deficiency and susceptibility to recurrent respi-
ratory tract infection in children.
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OBJECTIVE: There have been doubts that SARS-CoV-2 has been circulating before the first case was announced. The aim of this study
was to evaluate the possibility of COVID-19 in some cases diagnosed to be viral respiratory tract infection in the pre-pandemic period
in our center.

MATERIAL AND METHODS: Patients who were admitted to our hospital’s pulmonary diseases, infectious diseases, and intensive care
clinics with the diagnosis of viral respiratory system infection within a 6-month period between October 2019 and March 12, 2020, were
screened. Around 248 archived respiratory samples from these patients were analyzed for SARS-CoV-2 ribonucleic acid by real-time-
quantitative polymerase chain reaction. The clinical, laboratory, and radiological data of the patients were evaluated.

RESULTS: The mean age of the study group was 47.5 (18-89 years); 103 (41.5%) were female and 145 (58.4%) were male. The most com-
mon presenting symptoms were cough in 51.6% (n = 128), fever in 42.7% (n = 106), and sputum in 27.0% (n = 67). Sixty-nine percent (n
= 172) of the patients were pre-diagnosed to have upper respiratory tract infection and 22.0% (n = 55) had pneumonia, one-third of the
patients (n = 84, 33.8%) were followed in the service. Respiratory viruses other than SARS-CoV-2 were detected in 123 (49.6%) patients.
Influenza virus (31.9%), rhinovirus (10.5%), and human metapneumovirus (6.5%) were the most common pathogens, while none of the
samples were positive for SARS-CoV-2 RNA. Findings that could be significant for COVID-19 pneumonia were detected in the thorax
computed tomography of 7 cases.

CONCLUSION: The negative SARS-CoV-2 real-time-quantitative polymerase chain reaction results in the respiratory samples of the
cases followed up in our hospital for viral pneumonia during the pre-pandemic period support that there was no COVID-19 among our
cases during the period in question. However, if clinical suspicion arises, both SARS and non-SARS respiratory viral pathogens should be
considered for differential diagnosis.

KEYWORDS: 2019 novel coronavirus disease, polymerase chain reaction, non-severe acute respiratory syndrome, pandemic, severe
acute respiratory syndrome coronavirus 2
Received: October 3, 2022 Accepted: October 14, 2022 Publication Date: March 28, 2023

INTRODUCTION

Coronaviruses (CoVs) have been well-known as a causative agent of animal diseases. They were reported to cause upper
respiratory tract infections in humans in 1960s and mortal outbreaks of human diseases have emerged such as severe
acute respiratory syndrome coronavirus (SARS-CoV-1) and The Middle East respiratory syndrome (MERS) coronavirus
(MERS-CoV) in the last 20 years." SARS-CoV-2 is the third highly pathogenic coronavirus in the 21st century, which
appeared in December 2019 in China? following a cluster of viral pneumonia cases soon after resulting a pandemic
globally.> The World Health Organization (WHO) named the disease caused by the SARS-CoV-2 as coronavirus
disease-2019 (COVID-19).

Turkey has announced the first case on March 11, 2020, and subsequently, new cases have been reported one after
another. On March 18, 2020, the first COVID-19 patient was determined by a positive real-time-quantitative polymerase
chain reaction (RT-qPCR) for SARS-CoV-2 in Dokuz Eyliil University Hospital in izmir, Turkey. The clinical and radiologi-
cal signs of COVID-19 in the early stages of the disease are like other viral pneumonia; therefore, the differential diagnosis
is not easy. Therefore, there may be possible COVID-19 cases among the viral pneumonia treated before the date of March
11, 2020, when the first case was detected in Turkey. Thus, there are reports that SARS-CoV-2 emerged and circulated
earlier than previous announcement of the first case, scientists explained. There are studies that have reported SARS-
CoV-2 in the USA, Europe, and Brazil prior to the identification of the first case.*’The aim of this study was to evaluate the
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possibility of some cases considered as viral respiratory tract
infections in the close pre-pandemic period to be COVID-19.

MATERIAL AND METHODS

Study Population

Patients who were admitted to our hospital’s pulmonary
diseases, infectious diseases, and clinical microbiology
and intensive care clinics within a 6-month period from
October 2019 to March 12, 2020, and treated for the
diagnosis of viral pneumonia were screened. There were
394 patients sampled for respiratory pathogens, and 248
samples analyzed for SARS-CoV-2 were included in the
study. The clinical, laboratory, and radiological data of these
patients related to COVID-19 were retrospectively scanned
and evaluated through the records of the hospital database
system after obtaining an non-interventional research eth-
ics committee approval of Dokuz Eylil University Faculty
of Medicine.

Clinical features (symptoms and vital signs; fever, respiratory
rate, blood pressure, pulse), laboratory findings (leukocyte
and lymphocyte count, C-reactive protein, procalcitonin, fer-
ritin, lactate dehydrogenase, p-dimer), radiological features,
and prognosis (recovery, intensive care transport, exitus) were
the parameters that were analyzed.

Respiratory Viruses and Severe Acute Respiratory
Syndrome Coronavirus 2 Testing

Real-time-quantitative polymerase chain reaction for SARS-
CoV-2 RNA was performed blindly on samples collected
from the patients with suspected viral pneumonia and stored
at —80°C. Nucleic acid extraction was done by EZ-1 virus
mini kit using EZ-TAdvanced XL platform (Qiagen, Hilden,
Germany). Severe acute respiratory syndrome coronavirus
2 RNA was tested by a 1-step RT-PCR assay targeting viral
RdRp (Biospeedy SARS CoV-2 qPCR detection kit, Bioeksen,
Turkey). The test was performed on the RotorGene Q 5plex
HRM. Human RNase P gene amplification was used as an
internal control.

Each sample was tested by a syndromic panel-based multi-
plex RT-PCR assay for the detection of the following respira-
tory pathogens as a part of the routine diagnostics: Influenza
A/B virus, rhinovirus, coronaviruses (NL63, 229E, OC43,
HKUT), parainfluenza viruses,"* human metapneumoviruses
(hMPV) (A/B), bocavirus, RSV (A/B), adenovirus, enterovi-
rus, parechovirus, and Mycoplasma pneumonia (Fast Track
Diagnostics [FTD]respiratory pathogens-21 Assay, Siemens
Healthcare GmbH, Erlangen, Germany).

MAIN POINTS

e Viruses other than SARS-CoV-2 were circulating in the
pre era of COVID-19.

e There are studies on the existence of COVID-19 before its
detection in other countries.

e  When we evaluated our own local data, we could not
show the presence of SARS-COV-2 during the pre-
COVID-19 period.

Statistical Analysis

For descriptive findings, categorical variables were indicated
by numbers and percentages, and variables determined by
measurement will be indicated by mean + standard devia-
tion, (SD) median, minimum value, and maximum value. The
distribution property of the variables specified in the mea-
surement will be evaluated with the Kolmogorov—-Smirnov
test. The chi-square test will be used for the categorical
variables specified by counting to evaluate the relationship
between the independent variables and the dependent vari-
able. In cases where the values observed in the cells do not
satisfy the chi-square test assumptions, the differences in fre-
quencies between the groups will be compared using Fisher's
exact test. The t-test or Mann-Whitney U test will be used
to evaluate the relationship between the variables specified
in the measurement and the dependent variable, consider-
ing the normal distribution of the data. Data were evaluated
with Statistical Package for Social Sciences (SPSS) version
22.0 package program (IBM Corp.; Armonk, NY, USA).
Significance level P < .05 will be accepted.

RESULTS

The mean age of 248 patients whose SARS-CoV-2 RT-qPCR
test could be analyzed was 47.5 (18-89 years); 103 (41.5%)
were female and 145 (58.4%) were female. Respiratory
viruses were isolated in 123 (49.6%) patients.

The presenting symptoms were cough in 51.6% (n = 128),
fever in 42.7% (n = 106), sputum in 27.0% (n = 67), fatigue
in 25.4% (n = 63), and sore throat in 25% (n = 62). Dyspnea
(19.4%, n = 48), myalgia (13.7%, n = 34), headache (10.1%,
n = 25), and nausea—vomiting (6.5%, n = 16) were the least
common symptoms.

About 63% percentage (n = 158) of the patients were treated
in the outpatient clinic, 33.8% (n = 84) in the service, and
2.4% (n = 6) in the intensive care unit. Sixteen cases (6.5%)
were transferred from the ward to the intensive care unit.
Sixty-nine percent (n = 172) of the patients were pre-diag-
nosed to have upper respiratory tract infection and 22.0%
(n = 55) had pneumonia. Six percent (n = 15) of the patients
died during the treatment period.

Non-SARS-CoV-2 respiratory viruses detected in nasal swab
samples of the patients are presented in Table T And none
of them were found to be SARS-CoV-2-positive in PCR test.
Findings that could be significant for COVID-19 pneumonia
were detected in the thorax computed tomography (CT) of
7 cases. The data of these cases are presented in Figure 1
and Table 2.

DISCUSSION

When the pandemic emerged soon after COVID-19 was
identified in China, doubt about the existence of cases that
could be COVID-19 before the detection of the first case in
each country has been a matter of curiosity. Therefore, we
reviewed the viral pneumonia cases in our clinic that may be
associated with COVID-19 just before March 11, 2020, when
the first COVID-19 case was announced in Turkey. Samples
collected for the respiratory virus panel with a preliminary
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Table 1. The Distribution of the Respiratory Pathogens
Obtained from Nasal Swabs of the Study Population

Respiratory Pathogens n (%)
Respiratory viruses 123 (49.6)
Non-severe acute respiratory syndrome 11 (4.4)
coronavirus

Influenza 79 (31.9)
Rhinovirus 26 (10.5)
Metapneumovirus 16 (6.5)
Parainfluenza 5(2)
Respiratory syncytial virus 5(2)
Adenovirus 4 (1.6)
Mycoplasma pneumonia 3(1.2)
Influenza + Mycoplasma pneumonia 1(0.4)
Influenza + metapneumovirus 1(0.4)
Parainfluenza+rhinovirus 1(0.4)

diagnosis of viral pneumonia were then re-examined for
SARS-CoV-2 PCR and none were found positive. Another
viral agent was detected in 4 of 6 cases with radiological find-
ings, suggestive of COVID-19.

The mean age of our study population was relatively young
(47.5), and gender distribution was in favor of women. There
were respiratory viruses in 49.6% of the patients. In a pro-
spective study of European primary care including adults
with symptoms of lower respiratory tract infection, 45.8%
of the patients had microbiologically confirmed common
respiratory virus infection (influenza virus, hMPV, respiratory
syncytial virus (RSV), coronavirus (CoV) or rhinovirus) with a
mean age of 50, mostly consisting of females similarly with
our findings.® Another study has also reported the mean age
of 45.2 with a slight male predominance.’ On the other hand,
the demographic data on COVID-19 reveal that all age groups
are at risk of getting COVID-19; however, patients aged > 60
years and males are prone to severe infection in COVID-19."°

The presentation of lower respiratory tract infection of viral
etiology has been defined as mostly self-limiting, and influ-
enza virus, hMPV, RSV, CoV, or rhinovirus have been reported
to have a significantly higher symptom score. Cough, spu-
tum, and rhinorrhea were the most commonly reported
symptoms.® In another study including 5859 individuals
suspected of influenza-like illness, cough, rhinorrhea, and
headache were the most common symptoms and dyspnea
was especially associated with RSV (odds ratio: 2.33, 95%
Cl: 1.73-3.12)."" In our study, cough, fever, and sputum were
the most common symptoms. Therefore, although cough was

Figure 1. (A) Consolidated areas of ground-glass density in the upper lobes of both lungs and peripheral ground-glass density infiltrates in the
lower lobes. (B) Peripherally located nodular infiltration areas in the upper and lower lobes of both lungs. (C) Peripheral weighted patchy
ground-glass densities in both lungs. (D) Peripheral predominantly faintly circumscribed peripheral ground-glass density nodular infiltrates in
the lower lobe of both lungs. (E) Peripheral-peribronchovascular consolidations and areas of ground-glass density in the upper and lower lobes
of both lungs. (F) Ground-glass areas in both lungs, with focal patchy centrilobular distribution more prominent in the right lung. (G) Infiltration
areas of more prominent ground-glass density in the left upper lobe in both lungs.
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Table 2. Characteristics of 7 Cases Whose Radiological Findings Were Suggestive of COVID-19 Pneumonia

Detected

Case Microorganism in Nasal Lymphocyte Count  CRP Procalcitonin

No Age/Sex Co-morbidity Swab (10 x 3/pL) (mg/L) (mg/L) Prognosis

1 70M + Influenza A 0.5 434 42 Exitus

2 52/F — 0.9 22 - Discharged from
service

3 70/M + 1 97 0.13 Discharged from
service

4 59/M + 1.1 328 - Discharged from
service

5 60/M + Influenza A 0.9 360 0.32 Discharged from
service

6 65/F + Metapneumovirus 0.3 45 0.21 Exitus

7 68/M = 1.1 84 - Discharged from

service

All were negative for severe acute respiratory syndrome coronavirus 2 (SARS-CoV-2) except *Whose specimen was not adequate for

reinvestigation of SARS-CoV-2 polymerase chain reaction.
CRP; C reactive protein.

the most frequent presentation for both SARS-CoV-2 and non-
SARS-CoV-2 agents, symptoms like rhinorrhea and headache
should be considered in viral pneumonia. Fever and fatigue
have been reported more in COVID-19."°

Sixty-nine percent (n = 172) of the patients were pre-diag-
nosed to have upper respiratory tract infection and 22.0%
(n = 55) had pneumonia. Six percent (n = 15) of the patients
died during the treatment period.

Most of the patients evaluated for viral respiratory tract infec-
tion in our study had moderate clinical severity and one-third
required hospitalization with a 6% mortality. This may be
due to the fact that the study population consisted of patients
whose viral respiratory tract specimens were studied with-
out distinction of upper-lower respiratory tract infection. In
our study, 22.0% of the patients had pneumonia. In a study
including 954 patients suspected to have respiratory viruses,
there was 27.5% positivity, and the patients had a mean
pneumonia severity index (PSI) score of 42, HINT was found
to have highest PSI.° Viral pneumonia has been reported to
account for approximately one-third of community-acquired
pneumonia cases, in a wide range of clinical course of mild to
severe.'”? Generally, adenovirus, hMPV, para-influenza virus,
RSV, and influenza A and B viruses suffer mild symptoms and
have a low mortality.”® Poor outcomes are both associated
with viral and host factors including older age, comorbidities,
solid organ transplant, and hematopoietic stem cell trans-
plant.' The clinical spectrum of SARS-CoV-2 ranges from
asymptomatic to moderate or severe disease with multiorgan
failure. Asymptotic infections have been reported between
27% and 40% and hospitalization rates were between 4%
and 7% depending on the population characteristics.'®

In our study, the most common viral agents were influenza
virus (31.9%), rhinovirus (10.5%), and hMPV (6.5%) of the
tested population. In other studies, similarly, influenza was
also the most common pathogen (9.9%-48%) depending on
the influenza season, followed by rhinovirus (4.3%-7.9%)

and hMPV (1.8%-4.1%).>"" In a large systemic review of
community-acquired pneumonia in European adults, influ-
enza virus A and B were most frequently (9%) identified
viruses, followed by rhinovirus, coronavirus, and parainflu-
enza (2%-7%)."°

Research is being conducted in many countries to investi-
gate the question marks about the global circulation of SARS-
CoV-2 before December 2019. Several studies by different
groups retrospectively demonstrated the presence of antibod-
ies and viral RNA in clinical samples, and SARS-CoV-2 com-
munity circulation was demonstrated by detecting viral RNA
in wastewater at a time inconsistent with November 2019."”
In USA, antibodies for SARS-CoV-2 were determined in more
than 100 blood samples in early December 2019.* In France,
SARS-CoV-2 antibodies were detected in serum samples and
a respiratory sample before December 2019.>'® In Brazil,
SARS-CoV-2 community spread was demonstrated at the end
of November 2019 in wastewater.” The presence of SARS-
CoV-2 in different parts of the world at an earlier stage than
currently accepted will provide basic clues for the assessment
of this pandemic and make a very important contribution to
future pandemic preparedness.

Findings that could be significant for COVID-19 pneumonia
were detected in the thorax CT of 7 cases. The data of these
cases are presented in Figure 1 and Table 2. Although some
clinical (sputum was less frequent in COVID-19) and labora-
tory parameters (leukocyte, lymphocyte, and C-reactive pro-
tein levels were lower in COVID-19) may guide to distinguish
COVID-19 from other viral pathogens, radiological appear-
ance might be more helpful." Peripheral involvement, pure
ground-glass opacity, and apicobasal gradient were more
likely to be present in COVID-19. On the contrary, thicken-
ing of the bronchial walls and micronodules were more fre-
quently associated with other respiratory viruses.?*?" Of the
7 patients having radiological signs of COVID-19, influenza
was positive in 2, and hMPV in 1, C-RP was highest in influ-
enza cases.
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CONCLUSION

The absence of positive PCR results for SARS-CoV-2 in the
nasal swab samples of the patients who were followed up
with a viral pneumonia clinic in the pre-pandemic period in
our hospital supports the fact that there was no COVID-19
among our cases at that time. Cases with significant findings
in terms of COVID-19 on thorax CT suggest that other viral
pneumonia may be confused with COVID-19 clinically and
radiologically; when clinical suspicion arises, PCR testing
should be performed for both SARS and non-SARS respira-
tory viral pathogens for differential diagnosis.
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Thoracic Surgeons’ Perspective on the Management of
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OBJECTIVE: The study aimed to determine the current practice of thoracic surgeons in the management of primary spontaneous pneu-
mothorax in Saudi Arabia and to compare the results with the British Thoracic Society guidelines.

MATERIAL AND METHODS: This is a questionnaire-based study. The questionnaire included 41 questions and was directed to those
involved in the management of primary spontaneous pneumothorax in Saudi Arabia; namely thoracic, cardiac, and general surgeons. It
was distributed electronically through email. Out of 47 registered surgeons at the time of the study, 47 responses were obtained with a
100% response rate.

RESULTS: Among the participants, 39 were thoracic surgeons. It was noted that all surgeons agreed on ordering an initial chest radio-
graph and most would order an additional view. Also, approaches varied regarding grading systems used. While 26% of the respondents
use the British Thoracic Society grading system, 16% follow the American College of Chest Physicians system, and the rest chose other
parameters. The majority of surgeons would choose a chest tube of a size not greater than 28 Fr for initial placement. As for video-assisted
thoracoscopic surgery, we noted that 55% of the respondents opted for 3 ports, while 36% would place 2 ports.

CONCLUSION: Primary spontaneous pneumothorax is a common condition managed by thoracic surgeons. Various guidelines were
established to guide practice. Our study showed some variability in practice which could result in serious medico-legal consequences
and can affect the careers of thoracic surgeons. We hope that our results will shed light upon variabilities to influence proper directed
management.

KEYWORDS: Thoracic surgery, pneumothorax, primary spontaneous pneumothorax (PSP), treatment, diagnosis
Received: February 8, 2022 Accepted: October 17, 2022 Publication Date: March 28, 2023

INTRODUCTION

Pneumothorax refers to the accumulation of air in the pleural cavity. Pneumothorax may develop spontaneously or due to
trauma. Spontaneous pneumothorax is further divided into primary and secondary subtypes. Primary spontaneous pneu-
mothorax (PSP) occurs in the absence of underlying pulmonary disease, while secondary spontaneous pneumothorax
frequently occurs in elderly people with underlying lung conditions.! PSP tends to develop in young, thin, and tall males
due to rupture of subpleural blebs or bullae. It is more common in men than in women. The incidence varies among dif-
ferent geographical areas, for example, the incidence in the United States is 7.4 per 100 000 population per year."? Similar
results were obtained in Arab countries.’ The recurrence rate is estimated to be around 25%-50%, mostly occurring within
the first year.* If non-operative management was opted for a patient presenting with a second attack, 54% of those patients
will develop a third recurrence.’ Risk factors that predispose to the condition include cigarette smoking, family history,
Marfan’s syndrome, homocystinuria, and meteorological factors.®

Management approaches vary, ranging from conservative to surgical therapeutic options. These interventions include
bed rest, oxygen supplementation, aspiration, and tube thoracostomy, in addition to thoracoscopic and other surgical
modalities.”

The British Thoracic Society (BTS) produced guidelines for the management of spontaneous pneumothorax in 1993 which
were updated in 2010. A conservative approach was strongly favored, with emphasis on observation without intervention
in selected patients. Aspiration was recommended as an initial procedure in all cases of PSP if the patient is symptomatic,
irrespective of the size of the pneumothorax. Surgical intervention is recommended in ipsilateral second attack or contra-
lateral pneumothorax.? Despite the availability of these guidelines, previous studies have shown poor compliance with
the guidelines.”'°

The healthcare system in Saudi Arabia is composed of the government and private sectors. The ministry of health is the
major government provider of healthcare services in Saudi Arabia, including the provision of primary healthcare services.
Other government bodies include referral and teaching hospitals, among others. The private sector also contributes to the
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delivery of healthcare services."" In Saudi Arabia, PSP patients
are mostly managed by thoracic surgeons from the time of
admission. At present, there are no national guidelines on
the management of PSP in Saudi Arabia. Nevertheless, adher-
ence to any of the international guidelines was not previously
reported in our region.

The aim of this work is to determine the current practice of
thoracic surgeons in the management of PSP in Saudi Arabia
and to compare the results with BTS guidelines.

MATERIAL AND METHODS

The proposal was reviewed by the institutional review
board (IRB) of Imam Abdulrahman Bin Faisal University
and ethical approval was attained on February 17, 2019
(Number: IRB-PGS-2019-01-120).

Study Design

This is a cross-sectional questionnaire-based study. The ques-
tionnaire included 41 questions regarding the management
and follow-up of patients with PSP in addition to the demo-
graphic data of the participants (Tables 1-3). Questions were
divided into those with a binary response (i.e., yes/no) and
open-ended questions. The questionnaire was developed
following a systemic, scientifically accepted methodology
based on previous studies, experts’ opinion, validation, and
statistical analysis (Cronbach’s alpha). The questionnaire was
tested for validity and reliability with a value of 0.622 which
was obtained and calculated based on the responses. It was
distributed electronically either by email or through a profes-
sional WhatsApp group.

Participants

The questionnaire targeted thoracic surgeons involved in the
management of PSP throughout Saudi Arabia. Other spe-
cialties (e.g., pulmonary and emergency physicians) are not
involved in the management of PSP in our region and hence
were not included in the survey. Participant names were
obtained from the Saudi Thoracic Society registry.

Statistical Analysis

Statistical analysis was performed using the Statistical
Package for the Social Sciences (SPSS) version 20 (IBM Corp.;
Armonk, NY, USA). For data analysis, we used the Chi-square

MAIN POINTS

e Various protocols and guidelines were established
to guide primary spontaneous pneumothorax (PSP)
management.

e There is a variability in the management of PSP among
thoracic surgeons and deviation from the current
guidelines.

e Deviation from guidelines may pose medico-legal conse-
quences and financial burdens on hospitals.

e There is a strong need for high-quality studies to reach an
international consensus on the management of PSP

Aljehani et al. Perspectives on PSP Management

test for categorical variables and the Mann-Whitney U
test for continuous variables. P <.05 was considered to be
significant.

RESULTS

Out of 47 registered thoracic surgeons at the time of the study,
47 responded with a 100% response rate. Table 1 demon-
strates the demographic data of all participants. Twenty-eight
questions with binary responses, that is, yes/no are shown in
Table 2, while 13 are open-ended and are demonstrated in
Table 3. Table 4 shows a comparison of responses by thoracic
surgeons versus others.

Table 1. Demographic Data of All Participants

All Participants

Parameter n=47
Age (years)

Average 44.9 (33-59)*

Experience (years)

Average 13.3 (1-30)*

Gender (n, %)

Male 44 94
Female 1

Not specified 2 4
Board certification (n, %)

General Surgery 27 57
Cardiothoracic Surgery 20 43
Current primary position (n, %)

Thoracic surgeon 39 83
Cardiac surgeon 4

General surgeon

Others (e.g., senior registrar, fellow, 2
administrative)

Fellowship certificate country (n, %)

North American 16 34
European 8 17
Saudi 5 11
Arab board 15 32
Others 3 6
Health care institution (n, %)

Governmental 42 89
Private 5 11
Region (n, %)

East 20 43
Central 12 26
West 12 26
South 2 4
North 1

*min-max.
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Table 2. Binary Response Questions by All Participants

Question

1) Ordering an initial CXR

2) Further views (lateral)

3) Further views (expiratory film)

4) Routine radiological grading of PSP

5) Routine CT scan for the first attack
6) Routine drainage

7) Performing simple aspiration

8) Using Heimlich valve

9) Operating during the first attack

10) Stapling the lung involved

11) Release of adhesions routinely

12) Exploring each lobe for concomitant pathology routinely
13) Performing apical pleurectomy routinely

14) Performing mechanical pleurodesis routinely

15) Performing chemical pleurodesis routinely

16) Insertion of chest tube in the procedure

17) Routine use of NSAIDs

18) Positive effect of NSAIDs on the outcome

19) Performing daily CXR

20) Keeping chest tube under continuous suction routinely
21) Clamping of chest tube before removal

22) Performing CXR following removal of chest tube

23) Putting a pre take suture

24) Follow-up of patients routinely in the first week

25) Follow-up of patients routinely in the first month

26) Repeating CT scan

27) Instructing patients not to fly within 2-4 weeks

28) Is such consensus important?

Answer
Yes No
n % n %
47 100 0 0
14 30 33 70
7 15 40 85
19 40 28 60
28 60 19 40
19 40 28 60
3 6 44 94
19 40.4 28 59.6
22 47 25 53
46 98 1 2
40 85 7 15
42 89 5 11
21 45 26 55
32 68 15 32
6 13 41 87
40 85 7 15
22 47 25 53
21 45 26 55
37 79 10 21
40 85 7 15
17 36 30 64
37 79 10 21
38 81 9 19
33 70 14 30
40 85 7 15
2 4 45 96
30 64 17 36
38 81 9 19

CT, computed tomography; CXR, chest radiograph; NSAIDs, non-steroidal anti-inflammatory drugs; PSP, primary spontaneous pneumothorax.

Initial Radiological Imaging

All participants perform an initial chest radiograph (CXR).
Sixty percent of the participant surgeons choose to perform
computerized tomography (CT) scans routinely for the first
PSP attack. Of those who choose to perform routine CT scan,
79% order plain CT scan, while the rest order CT scan with
contrast. Surgeons’ decision to perform a CT scan for the first
PSP attack was not related to their experiences, type of board
certification, type of the hospital or geographical location
within Saudi Arabia.

Estimation of the Size of Pneumothorax

Nineteen participants (40.4%) measure the size of PSP
radiologically. Five participants (10.6%) measure the size
of the pneumothorax in CXR according to BTS guide-
lines. Other measurement methods, namely, American
College of Chest Physicians Delphi Consensus Statement

(ACCPDCS), interpleural distance, and percentage mea-
surement methods are used by 6.4%, 4.3%, and 4.3%,
respectively. Seven participants (14.9%) use other non-
specified methods.

Initial Management of Pneumothoraces

Nineteen participants (40.2%) routinely drain the PSP
However, only 1 participant (2.1%) employs simple aspira-
tion for drainage. Additionally, 29.8% prefer to insert a pig-
tail for drainage of the PSP and the rest (70.2%) prefer chest
tube insertion. Twenty-two participants (46.8%) treat the first
attack of PSP by surgical intervention. The indications for
surgical intervention (other than the first attack) returned 76
responses (Table 3). Recurrence was the highest indication
for surgical intervention according to 23 respondents (30%).
Persistent air leak and presence of bullae represented 20%
and 17% of responses, respectively.
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Table 3. Questions with Open-ended Responses by All Participants (Continued)

9) Size of chest tube (if used in the procedure) Size n %
20 Fr 1 2.2
22-24 Fr 9 20
26-28 Fr 29 64.2
30-32 Fr 5 11.2
Not specified (age, body size, etc.) 1 2.2
10) Primary postoperative analgesia protocol Protocol n %
PCA 12 25.5
NSAIDs 14 29.8
Epidural catheter 6.4
Paravertebral block 8.5
Others (acetaminophen, intercostal block, etc.) 14 29.8
11) Duration of keeping chest tube under suction Duration n %
24-48 hours 31 77.5
>48 hours 6 15
Not specified 7.5
12) Duration of chest tube use postoperatively Duration N %
24-48 hours 15 32
>48 hours 25 53
Not specified 7 15
13) Days of sick leave granted Duration n %
1-2 weeks 39 83
2-4 weeks 8 17
Depending on situation 0 0

ACCPDCS, American College of Chest Physicians Delphi Consensus Statement; AID, average interpleural distance; BTS, British Thoracic Society;
CT, computed tomography; NSAIDs, non-steroidal anti-inflammatory drugs; PCA, patient-controlled analgesia; PSP primary spontaneous

pneumothorax; VATS, video-assisted thoracoscopic surgery.

Use of Suction

Eighty-five percent of our participants believe that suction
should be applied routinely to a chest tube. Nine participants
were not certain about the duration of the suction. Thirty par-
ticipants apply suction for 48 hours or more.

Clamping of the Chest Tube

If the insertion of an intercostal drain results in stopping
an air leak and full expansion of the lung, 30 participants
(63.8%) would act in accordance with the guidelines and
would remove the chest tube without first clamping the tube.
Seventeen participants would clamp the tube before removal.
It was observed that consultants with an experience of 6-15
years (42.6%) do not clamp the chest tube before removal
which was statistically significant at P =.005.

Surgical Strategies

Video-assisted thoracoscopic surgery (VATS) is the approach
of choice for 46 surgeons (97.9%) to treat PSP To lower the
rate of recurrence, 4 participants (12.8%) would use chemical
pleurodesis, mechanical pleurodesis or apical pleurectomy,
while 8 participants do not use any of these techniques. Eleven
participants may perform apical pleurectomy or mechanical
pleurodesis, while 16 and 6 participants perform only mechan-
ical pleurodesis or only apical pleurectomy, respectively.

DISCUSSION

Diagnostic and therapeutic guidelines for PSP do exist, but
the significant variations in clinical practice observed world-
wide make it difficult for clinicians to feel confident about fol-
lowing the recommendations in those guidelines. Moreover,
there is a need for an update to these guidelines since they
were suggested around 10 years back. This study showed
a variation in both the knowledge of existing international
guidelines and management of PSP among thoracic surgeons
in Saudi Arabia.

Routine performance of CT scan after the first attack was
reported by 60% of the participants. When paralleled with
the guidelines, the BTS guidelines stated that there are practi-
cal constraints that preclude the general use of CT scans as
the initial diagnostic modality. However, CT scan is consid-
ered the gold standard in the detection of small pneumotho-
races and its size estimation.® Sihoe et al'> highlighted the
importance of CT scan to predict the risk of occurrence of
PSP by the detection of lung bullae in the contralateral lung,
thus allowing preemptive surgical intervention in selected
patients.



Table 4. Comparison of Responses by Thoracic Surgeons
Versus Others

Question P
1) Ordering an initial CXR N/A
2) Further views (lateral) .6005
3) Further views (expiratory film) .8346
4) Routine radiological grading of PSP .8531
5) Routine CT scan for the first attack .8531
6) Routine drainage .3291
7) Performing simple aspiration 4372
8) Using Heimlich valve 1149
9) Operating during the first attack 1371
10) Stapling the lung involved 6471
11) Release of adhesions routinely .3781
12) Exploring each lobe for concomitant .006828*
pathology routinely
13) Performing apical pleurectomy routinely .6538
14) Performing mechanical pleurodesis routinely ~ .7099
15) Performing chemical pleurodesis routinely .255
16) Insertion of chest tube in the procedure .8346
17) Routine use of NSAIDs .3289
18) Positive effect of NSAIDs on the outcome .6538
19) Performing daily CXR 7776
20) Keeping chest tube under continuous .8346
suction routinely
21) Clamping of chest tube before removal .3715
22) Performing CXR following removal of chest .1065
tube
23) Putting a pre take suture .1308
24) Follow-up of patients routinely in the first .6005
week
25) Follow-up of patients routinely in the first .3781
month
26) Repeating CT scan .001417*
27) Instructing patients not to fly within 9315
2-4 weeks
28) Is such consensus important? 1533

*P = .05 is statistically significant.

CT, computed tomography; CXR, chest radiograph; N/A, not
applicable; NSAIDs, non-steroidal anti-inflammatory drugs; PSP
primary spontaneous pneumothorax.

Both the BTS and ACCPDCS guidelines use the combination
of patient’s clinical status and size of pneumothorax to direct
the management options. The BTS guidelines divide the size
of pneumothoraces into “small” and “large” when the lung
surface to the chest wall is <2 cm or >2 cm, respectively.
The ACCPDCS, however, uses the apex to cupola distance
in which a small pneumothorax is less than 3 cm in collapse
and a large pneumothorax >3 cm in collapse.?'® Rhea et al™
use the average interpleural distance which is obtained from
3 linear measurements and closely predicts true pneumotho-
rax size as determined by radiographic thoracic gas volume
measurement. For clinically compromised patients, all agree
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that drainage is required. For clinically well patients, each
bases its recommendations on pneumothorax size. The poor
agreement between guidelines in the size estimation of pneu-
mothorax explains the management variation, that is, the use
of thoracostomy tube drainage and the limited use of conser-
vative management.'® This disagreement can also be appre-
ciated between our participants and hence the variation in
the management strategy of PSP in our region. A randomized
controlled trial conducted by Brown et al'> concluded that
conservative management was non-inferior to interventional
management for radiographic resolution of moderate-to-
large PSP within 8 weeks. However, this study did not provide
information about the long-term follow-up and recurrence
rate of those patients who were managed conservatively.

The management of the chest tube primarily with water seal
or added suction is a subject of debate and the benefits of
one versus the other are unclear. In a study by So and Yu'® on
52 patients with spontaneous pneumothorax, the application
of suction did have an effect in shortening the hospital stay.
Weissberg and Refaely'” analyzed 1199 patients with pneu-
mothorax. They recommended the application of suction if
the lung does not expand well initially but otherwise should
not be used routinely. The BTS guidelines do not recommend
the routine use of suction and limit its use to persistent air leak
with or without incomplete re-expansion of the lung.? Most
of our participants apply suction to the chest tube routinely.
The presence or absence of air leak or lung collapse does
not influence either the application of suction or its duration.

The management of pneumothorax depends on the severity of
symptoms, the size of pneumothorax, type of pneumothorax,
and whether an air leak is likely to be present.” The choice of
method for the initial treatment of a PSP remains controver-
sial.”® Only 6.4% of our participants would attempt simple
aspiration to treat the pneumothorax. The BTS guidelines
recommend simple aspiration as the first-line treatment for
all small (<2 cm) PSPs in minimally breathless patients under
the age of 50 years requiring intervention.® The ACCPDCS
however recommends chest drain insertion as the first line
of intervention in such patients as simple aspiration is not
effective even in symptomatic PSP patients with small pneu-
mothorax.> However, in the lack of prospective randomized
studies, many authors support simple aspiration as the ini-
tial management of PSP compared to chest drain insertion
because of the potential to immediately discharge patients
and hence a shorter hospital stay which has cost-saving ben-
efits. Furthermore, the procedure is less invasive with lower
complication rates and less analgesic requirements.’*?° Most
of our participants (70.2%) would insert a chest tube as initial
management for the first attack of PSP

Several retrospective studies have shown, unanimously, that
VATS has superior outcomes in terms of recurrence rates,
duration of chest tube placement, and mean hospital stay
with the first episode of PSR?' Additionally, the reduced length
of stay and decreased recurrence mitigate the increased cost
associated with VATS. In addition to the patient’s choice, the
BTS guidelines outline certain indications for the surgical
intervention for the first PSP episode. Fifteen of our partici-
pants (20%) would intervene surgically during the first attack
of PSP when there is persistent air leak. The BTS guidelines
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did not advocate a certain time limit for surgical intervention
in the case of prolonged air leak. A period between 5 and 14
days is reported in the literature.® Thirteen of our participants
(28%) reported that the presence of bullae in the CT scan is
an indication for surgical intervention because of higher rates
of recurrence in such patients. The BTS has no such recom-
mendation. Nevertheless, many authors believe that bullec-
tomy is justifiable for elimination of the source of air leak and
lower rate of recurrence.>?'

Several factors might contribute to the deviation from existing
guidelines. These include a lack of awareness, personal expe-
rience, and academic background.” We agree with Soulsby??
that those guidelines should be incorporated in teaching
modules and that adherence should be audited. Additionally,
randomized controlled trials evaluating the management
options of PSP are deficient. More studies are needed to gen-
erate the best evidence-based practice guidelines.

The aim of this study is to initiate a national consensus on
PSP management approach among thoracic surgeons in our
region that would result in better outcomes in terms of patient
safety and satisfaction. However, this study has a potential
limitation. The small number of participants included in the
survey is due to the fact that thoracic surgeons are the ones
solely managing PSP in Saudi Arabia.

CONCLUSION

PSP represents a heterogeneous group of patients with dis-
tinctive symptomatology, radiology, and pathological basis
of the disease. Various protocols and guidelines were estab-
lished to guide clinical practice. Our study showed variability
in the management of PSP between thoracic surgeons and
deviation from the current guidelines. The impact of this
deviation may have medico-legal consequences as well as
financial burdens on hospitals. There is a strong need for
high-quality studies to reach an international consensus on
the management of PSP
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Abstract  OBJECTIVE: We aimed to evaluate 109 rifampicin-resistant or multidrug-resistant tuberculosis patients who are treated in Izmir Chest
Diseases MDR Tuberculosis Centre.

MATERIAL AND METHODS: The patient profile, side effects, treatment success, and mortality of rifampicin-resistant or multidrug-
resistant tuberculosis patients who were followed up and treated in our hospital’s tuberculosis service between 2010 and 2018 were
analyzed retrospectively.

RESULTS: Of the rifampicin-resistant or multidrug-resistant tuberculosis patients, 83 (76.1%) were male and the mean age was 46.3 +
16.3 years. Of the cases 13 (11.9%) had rifampicin resistance without isoniazid. Since 5 out of 109 patients diagnosed with multidrug-
resistant tuberculosis emigrated to other countries, the treatment results of 104 patients were evaluated. As a result of the treatment, the
cure was achieved in 81 (77.9%) patients and treatment was completed in 13 (12.5%). Treatment success was found as 90.4%. No patient
experienced recurrence. The mortality rate was determined as 9.6%. The cure rate of patients treated with >6 drugs (90.9%) was statisti-
cally significantly (P =.029) higher than the group treated with <5 drugs (71.8%).

CONCLUSIONS: Multidrug-resistant tuberculosis treatment is a long-term, financially burdensome practice that may cause serious side
effects and complications, and it requires strict discipline. The fight against tuberculosis can be successful with tuberculosis control pro-
grams that are pursued with determination.

KEYWORDS: Tuberculosis, treatment, mortality, multidrug-resistant tuberculosis
Received: April 27, 2022 Accepted: October 31, 2022 Publication Date: March 28, 2023

INTRODUCTION

Multidrug-resistant tuberculosis (MDR-TB) is a globally important public health problem. Rifampicin-resistant (RR) and
MDR-TB strains are more difficult to treat than drug-susceptible tuberculosis (TB) and threaten global progress toward End-TB
Strategy targets.! Multidrug-resistant tuberculosis is multifactorial. It feeds on mistakes made in treatment and difficulties in
drug supply.? In addition, the coronavirus disease 2019 (COVID-19) pandemic has adversely affected the fight against TB.>*

Multidrug-resistant tuberculosis is resistant to both isoniazid (INH) and rifampicin. There may also be other drug resistance
together. Rifampicin is the most important drug in the treatment of TB; once resistance develops, treatment of patients with
TB becomes difficult. Rifampicin-resistant/multidrug-resistant tuberculosis requires treatment with second-line drugs.® In
the treatment of MDR-TB, less effective drugs are used when compared to the treatment of drug-susceptible TB. It is more
toxic, long-lasting, and expensive. Success rates are lower.”?

Therefore, with this study, we aimed to evaluate the demographic, clinical data, resistance rates, and treatment results of
RR/MDR-TB patients diagnosed and followed up in our hospital.

MATERIALS AND METHODS

Patient Data

Rifampicin-resistant/multidrug-resistant tuberculosis patients diagnosed and treated in the Dr. Suat Seren Chest Diseases and
Surgery Training and Research Hospital between 2010 and 2018 were analyzed retrospectively in terms of demographic,
clinical, side effects, treatment success, and mortality. Informed consent for clinical treatment was obtained from all patients
taken to the study. For this study, 22/07/2020 dated approval was obtained from the Ethics Committee of the Dr. Suat Seren
Chest Diseases and Surgery Training and Research Hospital with the number 16. Data from the patients were analyzed
through hospital archive records.

Chest x-rays and, if available, thorax computed tomography of the cases recorded in the hospital imaging system were
examined. The radiological extent was evaluated under 2 groups as one-lung and two-lung involvement.
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Microbiological Data

For each sample, acid-resistance staining with standard fluo-
rochrome and/or Kinyoun method, culture on BACTEC 960
(MGIT) (Becton Dickinson, Sparks, Md, USA) system, and
Lowenstein—-Jensen medium were performed. The susceptibil-
ity test of patient samples was performed using the BACTEC
960 (MGIT) system in accordance with the manufacturer’s
recommendations. Drug resistance in new cases was defined
as drug resistance observed in patients who had not used TB
drugs before or had used them for less than a month. In treated
cases, drug resistance was defined as resistance to a drug that
the patient had previously used for more than T month.”"°

Treatment and Follow-Up Data

The drugs were classified according to the recommenda-
tions of the World Health Organization (WHO) and the
National Tuberculosis Guidelines, which were up-to-date in
the time period (between 2010 and 2018) of the patients we
included in the study.'" At least 5 active drugs, 1 parenteral
and 1 quinolone, were included in the treatment regimen of
the MDR-TB patient. Drugs that were sensitive in the drug
sensitivity test but had never been used before were regarded
as active drugs, whereas drugs that had been used in the past
yet were sensitive in the test were seen as suspicious drugs.
Drugs that were resistant and that had previously been used
were both accepted as inactive. While creating the treatment
regimen of the MDR-TB patient, the drugs were added step
by step from the first group to the fifth group.

Grouping Antituberculosis Agents

Group 1

First-line oral agents: Isoniazid (H); rifampicin (R); ethambu-
tol (E); pyrazinamide (Z); rifabutin (Rfb)

Group 2

Injectable agents: Kanamycin (Km); amikacin (Am); capreo-
mycin (Cm); streptomycin (S)

Group 3

Fluoroquinolones: Moxifloxacin (Mfx); levofloxacin (Lfx);
ofloxacin (Ofx)

Group 4

Oral bacteriostatic second-line agents: Ethionamide (Eto);
protionamide Pto); cycloserine (Cs); terizidone (Trd);
p-aminosalicylic acid (PAS)

Group 5

Agents with unclear efficacy (not recommended by WHO for
routine use in MDR-TB patients): Clofazimine (Cfz); linezolid

MAIN POINTS

e In the treatment of multidrug-resistant tuberculosis, less
effective drugs are used when compared to the treatment
of drug-susceptible tuberculosis. It is more toxic, long-
lasting, and expensive. Success rates are lower.

e High treatment success rates are possible in patients with
rifampicin-resistant or multidrug-resistant tuberculosis
treated under direct observation.

e The fight against multidrug-resistant tuberculosis should
be continued with determination without compromising
the foreseen program, despite all obstacles, including the
coronavirus disease 2019 pandemic era.

(Lzd); amoxi cilli n/cla vulan ate (Amx/Clv); thioacetazone
(Thz); imipenem/cilastatin (Ipm/Cln); high-dose isoniazid
(high-dose H); clarithromycin (Clr).

For MDR-TB, a regimen consisting of at least 5 active drugs
from 5 groups of drugs was applied according to the guide-
line recommendation. In this treatment, amikacin, cap-
reomycin, moxifloxacin, ofloxacin, linezolid, cycloserine,
prothionamide, para-aminosalicylic acid, and thioacetazone
were used by choosing according to susceptibility and side
effects. For the MDR-TB treatment initiation period, a regi-
men consisting of at least 5 drugs and parenteral drugs was
used for at least 6 months until sputum smear and cultures
were consistently negative. Drugs were given regularly by
a directly observed treatment (DOT) program. For the treat-
ment of 13 RR-TB patients, the regimen using first-option
drugs recommended in the same guideline was applied. In
addition, special treatment consisting of first-option drugs
was administered to 8 MDR-TB patients who did not accept
the second-option drug treatment specified in the guideline.
Amikacin was preferred as the parenteral drug in the second-
option drug treatment, and capreomycin was used accord-
ing to culture in 2 patients. Moxifloxacin was preferred as
quinolone. Ofloxacin was used in 11 patients. The treatment
was administered under direct observation. The treatment
period was applied for 24 months after the culture became
negative. The updated WHO 2020 guidelines recommend an
all-oral bedaquiline (Bdq)-based shorter regimen in place of
the previously recommended injectable-based shorter regi-
men, with one of the key eligibility criteria being that patients
are not resistant to the fluoroquinolones. The shorter regimen
comprises (6 Bdq plus 4-6 Lfx/Mfx-Cfz-Eto-)-Hh-E-Z/5 Lfx/
Mfx-Cfz-E-Z. The WHO 2020 guidelines also recommend a
6- to 9-month regimen that comprises a new medicine, pre-
tomanid, together with Bdq and linezolid (i.e., the BPaL regi-
men) for the treatment of MDR-TB with additional resistance
to fluoroquinolones; however, this regimen is to be used
under operational research conditions only. However, in the
time period during which our study was undergoing, Bdg-
based shorter regimen was not reached because there were
no resources available for this course of treatment.'?

For the sputum conversion period, the date of the first nega-
tivity was used when the smear and cultures of 2 groups of
sputum taken at least 30 days apart were negative. In patients
who completed treatment without evidence of treatment
failure criteria, 3 or more consecutive negative cultures that
were taken at least 30 days apart after the baseline period
were defined as cure. Patients who completed the treatment
without any signs of failure but did not show 3 or more con-
secutive negative cultures that were taken at least 30 days
apart after the initial period were considered to be treatment
completion. The sum of the cases with cure and treatment
completion was taken as treatment success.

Statistical Analysis

Statistically descriptive analyses were performed with
Statistical Package for the Social Sciences software ver-
sion 25.5 software (IBM Corp.; Armonk, NY, USA). Results
were presented as median (min-max), number and percent-
age (%). Shapiro-Wilk and Kolmogorov—Smirnov tests of



normality were used to determine whether the parameters
used in the comparison of the groups were normally distrib-
uted. Mann-Whitney U-test and Student’s t-test were used to
compare continuous variables, and chi-square and Fisher’s
exact tests were used to compare categorical data. Results
were presented as median (min-max), mean + SD, and num-
ber and percentage (%). P < .05 was considered statistically
significant.

RESULTS

In our center, 109 patients were diagnosed with RR/MDR-TB.
The mean age of 109 patients was determined as 46.3 +
16.3 (17-81). Of 109 patients, 83 (76.1%) were male and
26 (23.9%) were female. Eight patients (7.3%) were foreign
nationals (Table 1). Human immunodeficiency virus (HIV)
was positive in 2 patients (1.8%). Of 109 (2.7%) patients,
3 had extrapulmonary TB. These were 1 pleurisy, 1 skin, and
1 lymphadenitis TB patient. In the radiological appearance of
the lesions, involvement was detected in 1 lung in 26 patients
(23.9%) and in 2 lungs in 83 patients (76.1%) (Table 2). There
was additional disease in 33 (30.3%) patients. The most com-
mon comorbidities were diabetes mellitus 15.6%, cardiovas-
cular 5.5%, and chronic renal failure 4.6%. Of 109 patients,
13 (11.9%) had RFM resistance not accompanied by INH.
Amikacin resistance was studied in 71 (65.1%) patients, and
resistance was detected in 8 (11.2%) patients. Moxifloxacin
resistance was studied in 65 patients (59.6%), and resistance
was found in 3 (4.6%) patients. Linezolid resistance was stud-
ied in 57 patients (52.2%), and resistance was detected in 2
(3.5%) patients. Pyrazinamide resistance was studied in 77
(70.6%) patients, and resistance was detected in 29 (37.6%)
patients. Two patients had resistance to 9 drugs, and 8 patients
had resistance to 8 drugs.

Table 1. Demographic Properties

Patients (n = 109)

Properties n (%)

Age, years, mean + SD (min-max) 46.3 + 16.3 (17.0-81.0)

Sex
Female 26 (23.9)
Male 83 (76.1)
Educational status
Illiterate 1(0.9)
Primary education 47 (43.1)
High school 59 (54.2)
University 2 (1.8)
Marital status
Married 79 (72.5)
Single 30 (27.5)
Profession
Unemployed 36 (33.0)
Employed 53 (48.6)
Retired 20 (18.3)

Karaman et al. Multidrug-Resistant Tuberculosis

Table 2. Clinical Properties

Patients (n = 109)

Properties n (%)
Smoking history
Never smoked 26 (23.9)
Active smoker 69 (63.3)
Quit 14 (12.8)
Family history of MDR-TB 4 (3.7)
Comorbidity
Diabetes mellitus 17 (15.6)
Cardiovascular 6 (5.5)
Chronic renal impairment 5(4.6)
Malignancy 4 (3.6)
COPD 3(2.7)
Chronic liver disease 1(0.9)
Schizophrenia 1(0.9)
Silicosis 1(0.9)
Resistance history
Drug resistance in new cases 46 (42.2)
Drug resistance in treated 63 (57.8)
cases
Radiological involvement
Single lung 26 (23.9)
Bilateral 83 (76.1)

COPD, chronic obstructive pulmonary disease; MDR-TB, multidrug-
resistant tuberculosis.

Treatment

Since 5 out of 109 patients diagnosed with RR/MDR-TB
emigrated to other countries, the treatment results of
104 patients were evaluated. The mean time between
admission to the hospital and initiation of the treatment
was 26.7 + 30.4 (1.0-120.0) days (Table 3). The mean dura-
tion of the treatment initiation period was 5.8 + 2.5 (1.0-
14.0) months. The mean culture conversion time was 2.3
+ 1.6 (1.0-12.0) months. The duration of hospitalization
was 6.4 + 6.2 (0.0-36.0) months. The total treatment time
was 21.1 + 6.6 (8.0-30.0) months. Drug side effects were

Table 3. Treatment Characteristics

Duration (days) between 26.7 + 30.4 (1.0-120.0)
admission and treatment initiation,

mean + SD (min-max)

Initial period durations (months), 5.8 + 2.5 (1.0-14.0)

mean + SD (min-max)

Culture conversion (months), 23+ 1.6(1.0-12.0)

mean =+ SD (min-max)

Duration of hospitalization
(months), mean + SD (min-max)

6.4 + 6.2 (0.0-36.0)

Total treatment duration (months), 21.1 + 6.6 (8.0-30.0)

mean + SD (min-max)

Patients underwent surgery 0 (0.0)
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Table 4. Drug Side Effect

Patients (n = 104)

n (%)
No side effect 44 (42.3)
Side effect present 60 (57.7)
Hepatotoxicity 20 (19.2)
Ototoxicity 18 (17.3)
Psychiatric disorder 13 (12.5)
Hypothyroidism 12 (11.5)
Visual impairment 11 (10.6)
Nephrotoxicity 7 (6.7)
Hematological disorder 5(4.8)
Neurotoxicity 4 (3.8)
Allergic reactions 2(1.9)

observed in 60 patients (57.7%). The most common side
effects were hepatotoxicity 19.2% and ototoxicity 17.3%. In
29 (27.9%) patients who experienced side effects, the drug
was withdrawn from the treatment regimen (Table 4). No
patient underwent surgical treatment.

As a result of the treatment, cure was achieved in 81 (77.9%)
patients and treatment was completed in 13 (12.5%) (Table 5).
Treatment success was found to be 94 (90.4%). All patients
were followed up starting from the end of the treatment within
the study period. No recurrence was detected in any patient.
Ten patients (9.6%) died. Eight of the deaths were due to TB
and 2 were due to non-tuberculous causes (malignancy, rup-
tured aortic aneurysm). The data were evaluated in terms of
factors affecting the treatment outcome. Seventy-one (68.3%)
patients treated with 5 or fewer drugs and 33 (31.7%) patients
treated with 6 or more drugs were compared. The cure rate
(90.9%) of the patients treated with 6 or more drugs was
found to be higher than the other group (71.8%). This value
was statistically significant (P =.029).

DISCUSSION

Treatment for multidrug-resistant tuberculosis is more expen-
sive, carries a higher risk of adverse effects, and lasts lon-
ger than therapy for drug-susceptible TB. Therefore, it is the
cause of increased mortality and morbidity and the treatment
success rate is lower. However, successful treatments are
possible with disciplined practices. In our study, there was
no case with treatment failure or out of follow-up; 77.9%
cure, 12.5% treatment completion rate was achieved, and

Table 5. Treatment Outcome

Patients (n = 104)

n (%)
Cured 81 (77.9)
Treatment completed 13 (12.5)
Treatment success 94 (90.4)
Treatment failed 0 (0.0
Died 10 (9.6)
Recurrence 0 (0.0)

treatment success is 90.4%. No recurrence was detected dur-
ing the 9-year follow-up. In one of the different RR/MDR-TB
studies conducted in different centers, in the study of Tortin
et al.”® 77.6% treatment success was reported. Karagoz et al'
reported a cure rate of 86.4%, Arpag et al'® reported a cure
rate of 84.4%, and Unsal et al'® reported a cure rate of 53.1%
in their studies. The treatment success rate of RR/MDR-TB
was reported as 57% in the World Health Organization
Global Tuberculosis 2020 Report.® Brode et al'” found treat-
ment success as 83.9%. Singh et al'® reported a 74.5% cure.
The treatment success of our center is similar to or even
higher than many other centers. Compared to the results of
other studies, we attribute this high success rate to treatment
with long-term hospitalization and treatment under direct
observation.

In our study, the mortality rate was 9.6%. Karagoz et al
reported a mortality rate of 7.8%, Unsal et al'® reported a
mortality rate of 3.7%, and Arpag et al'® reported a mortality
rate of 7.8%. Singh et al'® found a mortality rate of 10.2% in
the study, and Xu et al'® found a mortality rate of 8.6%. The
results of the study were found to be similar to other studies.
In addition, HIV positivity is one of the reasons that increase
mortality in RR/MDR-TB patients. There was no HIV infec-
tion in 104 patients whom we gave the result of treatment,
so a comparison could not be performed. After diagnosis,
5 patients for whom we did not present treatment results left
to complete their treatment in their country or region (not
evaluated case) and 2 of these patients were HIV-positive. In
the study population, HIV-positive RR/MDR-TB comorbidity
was observed in 2 foreign patients. Therefore, no data could
be presented in our study on HIV infection and RR/MDR-TB
comorbidity mortality.

In the radiology of our patients, 76.1% had involvement in
both lungs. Karagoz et al' reported the rate of involvement
in both lungs as 61.2% and Singh et al'® as 94.9%. The fact

Table 6. Treatment Outcomes of Patients Treated in Accordance with the Drug Regime

Cured Completed (n)

n (%)
First-line drugs (n = 21) 11 (52.3)
Second-line drugs (<5 drugs) (n = 50) 40 (80.0)
Second-line drugs (>6 drugs) (n = 33) 30 (90.9)

Treatment Follow-Up (n) Lost to (n) Died (n)
n (%) n (%) n (%)

9 (42.8) - 1(4.7)

3 (6.0) - 7 (14.0)

1(3.0) = 2 (6.0)



that most of the patients had extensive disease is a finding
consistent with the literature.

Mean sputum conversion (culture conversion) was found as
2.3 + 1.6 months. Arpag et al'® reported the mean sputum
conversion 1.9 + 1.03 months. Li et al?*® found an average of
85 days for sputum conversion (culture conversion) in 359
MDR-TB patients. As it is seen, our culture conversion rates
are similar to other literature results.

The mean duration of hospitalization was 6.4 + 6.2 months.
Arpag et al'® reported the mean duration of hospitalization as
162.7 days and stated that long-term hospitalization increases
the chance of treatment success. Olaru et al?' reported the
mean duration of hospitalization as 128 days. In our study,
the mean total treatment duration was found as 21.6 + 6.6
months. In the study by Olaru et al,?' this period was reported
as 19.5 months on average. The length of the hospitalization
is higher in our study compared to other studies; we think
that a longer duration of hospitalization increases the chance
of DOT and increases the rate of coping with complications
and side effects. We believe that the long duration of hospi-
talization has an effect on our high treatment success rates.
Although the length of duration of hospitalization may have
increased the cost, there is a need for studies on this subject.

Side effects were observed in 57.7% of the cases in this
study. The most common side effect was hepatotoxicity with
19.2%. Ototoxicity was observed with a rate of 17.3%, and
psychiatric disorders with a rate of 12.5%. The drug was
withdrawn from the regimen in 27.9% of the cases. Toriin
et al'® evaluated 263 MDR-TB cases in terms of side effects
and found side effects at a rate of 69%, and the most com-
mon side effect was ototoxicity at a rate of 41.8%. Treatment
changes were performed in 55% of patients who experienced
adverse effects. Karagoz et al' found side effects at a ratio
of 37.9%, Unsal et al'® 60.9%, and Arpag et al'® 45.5%.
In a meta-analysis by Wu et al?? in which 5346 MDR-TB
patients were evaluated in terms of side effects, 57.3% of
the patients were found to have experienced at least 1 side
effect. The 3 most common adverse events were gastroin-
testinal disorders at a rate of 32.1%, ototoxicity at a rate of
14.6%, and psychiatric disorders at a rate of 13.2%. They
found that MDR-TB treatment should be changed in 70.4%
of the patients who developed side effects. Also in our study,
side effects were observed in 1 of every 2 patients. Surgical
treatment may be helpful in addition to medical treatment in
the treatment of MDR-TB. In our study, no patient underwent
surgical treatment. Karagoz et al'* did not find a statistically
significant difference between the groups with and without
treatment success in terms of adjunctive surgical treatment.
There are studies reporting that surgical resection increases
the chance of treatment success.?>%°

Although Karagoz et al™* did not find a significant ratio
between the number of drugs and treatment success in their
study, an average of 5.3 + 0.8 drugs were used in the treat-
ment of MDR-TB in our study. The cure rate of patients who
used 6 or more drugs in the treatment was found to be higher
than the patients who used 5 drugs or less, and it was found
to be statistically significant. (P = .029). Patients who used 6
or more drugs stayed at the hospital longer, but similar side

Karaman et al. Multidrug-Resistant Tuberculosis
Table 7. Comparison of Treatment Characteristics
According to Drug Groups in MDR-TB Patients

Treatment Treatment
with <5 Drugs with >6 Drugs

n=71 n=33

n (%) n (%) P
Total duration of 18.0 (1.0-29.0) 25 (11.0-30.0) .001
treatment (months)
median (min-max)
Duration of 4.0 (0.0-23.0) 8.0 (0.5-36.0) .002
hospitalization
(months) median
(min-max)
Side effect 37 (52.1) 23 (69.7) .091
Cure 51 (71.8) 30 (90.9) .029+*
Treatment 12 (16.9) 1(3.0) .047
completion
Treatment success 63 (88.7) 31 (93.9) 402
Died rate 8(11.3) 2(6.1) 402

MDR-TB, multidrug-resistant tuberculosis.
*Statistically significant.

effects and death rates were observed. We believe that these
treatment regimens should be given a chance in patients who
can tolerate 6 or more drugs, although they have achieved
acceptable success rates with 5 drugs (Tables 6 and 7).

In our study, 13 RR-TB and 8 MDR-TB patients were treated
with first-line drugs. This is because in the national TB guide-
line recommendations between the years 2010 and 2018
when our study was conducted, first-line drugs were recom-
mended to RR-TB patients. Eight MDR-TB patients are patients
treated in the first years of this period, and major treatment
was started until the results of resistance appear. Resistance
tests were completed in 1 or 2 months. The first-line phar-
macological therapy that the patients received during this
time period was successful from a clinical, radiological, and
laboratory aspect, and they refused the second-line therapy.
Therefore, they completed their treatment with first-line
drugs. Treatment success was achieved in these patients, and
no recurrence was detected. There are other studies in the
literature that applied major treatment in MDR-TB patients
in the same years.?*?” However, in the following years, as a
result of the more frequent use of molecular rapid resistance
tests in our hospital, the recommendations of the WHO and
the new national TB guideline® and literature data, the diag-
nosis of RR/MDR-TB was made faster and second-line treat-
ment was applied to each RR/MDR-TB patient.

CONCLUSION

Our study results showed that high treatment success rates
are possible in patients with RR/MDR-TB treated under direct
observation. The fight against TB is an important public
health war. We believe that the fight against MDR-TB should
be continued with determination without compromising
the foreseen program, despite all obstacles, including the
COVID-19 pandemic era.
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Case Report

An Important Clinical Condition in Differential Diagnosis of
Coronavirus Disease 2019: Crack Lung
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Crack cocaine has been associated with a variety of pulmonary manifestations. We report a 44-year-old man been diagnosed with severe
acute respiratory syndrome coronavirus 2 infection, presenting shortness of breath, non-productive cough, chest pain, headache, dizzi-
ness, and fever lasting for 2 days. At first, all findings of our patient called for an impression of coronavirus disease 2019. During admis-
sion, he presented with acute respiratory symptoms, patchy ground-glass opacities, and laboratory abnormalities, such as elevated acute
phase response and lymphopenia. After, the presence of transient lung infiltrations in the follow-up triggered the cause for a re-evaluation
of the diagnosis of coronavirus disease 2019. After a detailed inquiry, it was revealed that he had had a history of intense inhaled cocaine
use 2 days before hospitalization. We speculate that the crack lung should also be considered in the differential diagnosis in patients with
suspected coronavirus disease 2019 pneumonia.

KEYWORDS: Thorax CT, crack lung, crack cocaine, patchy ground-glass opacity, acute pulmonary injury
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INTRODUCTION

Cocaine is one of the most widely used illegal drugs in the world. Because of its great propensity for addiction, it is a
common cause of drug-related death. When cocaine hydrochloride combines with sodium bicarbonate and is extracted
with ether, it is heated and smoked to generate crack cocaine. Crack cocaine has been linked to a range of pulmonary
symptoms when inhaled. Crack lung states an acute syndrome of diffuse alveolar damage and hemorrhagic alveolitis that
appears within 48 hours of smoking crack and it is a rare type of cocaine-related respiratory illness with distinct radio-
graphic features. These radiographic features are nonspecific and include diffuse alveolar infiltrations and ground-glass
opacities that usually go away once the drug is discontinued.'?

In patients with coronavirus disease 2019 (COVID-19) pneumonia, crack lung should be considered in the differential
diagnosis due to the similarity of its clinical, laboratory, and radiological findings.

CASE REPORT

A 44-year-old man was admitted to emergency department of Prof. Dr. Murat Dilmener Emergency Hospital with a
history of shortness of breath, non-productive cough, chest pain, headache, dizziness, and fever lasting for 2 days. On
examination, he was found to have tachypnea and tachycardia (respiratory rate was 24 bpm, pulse rate 100 bpm) with
fever (37.7°C). On admission, his peripheral blood oxygen saturation (SpO,) was 90% at room air. Peripheral blood
oxygen saturation was measured as >93%, after starting with 5L/min oxygen by nasal cannula. He had no hemoptysis.
During auscultation, in addition to diffuse expiratory rhonchi, inspiratory crackles were also detected in the bilateral basal
fields. Physical examination did not reveal any other abnormality. There was no known history of any chronic disease.
As a long-distance driver by profession, he had a cigarette smoking history of 40 packs a year and a moderate level of
alcohol consumption. His electrocardiogram showed sinus tachycardia, but his echocardiography was normal. Complete
blood count and comprehensive metabolic panel analyses were performed. Most of the laboratory findings were sig-
nificantly high, such as C-reactive protein (478 mg/L), procalcitonin (3.28 ng/mL), p-dimer (2.49 pgFEU/mL), fibrinogen
(684 mg/dL), troponin | (36 ng/mL), ferritin (4380 pg/L), aspartate transaminase (343 U/L), alanine transaminase (98 IU/L),
gamma-glutamyl transpeptidase (52 U/L), lactate dehydrogenase (1171 U/L), and creatine phosphokinase (11357 U/L),
suggesting COVID-19. Additionally, he had hyponatremia (125 mmol/L), lymphopenia (0.47 cells/mL), and low eosino-
phil (0.01 cells/mcL) count. At the admission, arterial blood gases analysis showed respiratory alkalosis and hypoxemia.
Serologic testing for autoimmune antibodies and vasculitis consist of rheumatoid factor, antinuclear antibodies, antibodies
to double-stranded DNA, cytoplasmic antineutrophil cytoplasmic autoantibodies, perinuclear antineutrophil cytoplas-
mic autoantibodies, anti-cyclic citrullinated peptide antibodies, and serum complement components C3 and C4 levels
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Figure 1. (A) Chest computed tomography (CT) on admission. Consolidation in the left upper and middle zone. (B-D) Chest CT scan on
admission, showing diffuse ground-glass opacities containing air bronchograms in the left lung upper lobe, multifocal and patchy ground-glass
opacities with nodular infiltration in the left lung lower lobe, left-sided minimal pleural effusion (13 mm), and ground-glass opacities in the
anterior segment of the right lung lower lobe. (E) Control chest x-ray demonstrating consolidations with patchy bilateral ground-glass opacities

on the fifth day.

yielded negative results. Viral hepatitis, HIV antigens, and a
series of sputum for acid-fast bacilli smear and culture were
also negative.

A computed tomography (CT) scan of the patient’s chest
revealed diffuse ground-glass opacities containing air bron-
chograms, predominantly perihilar in the left lung upper lobe,
multifocal and patchy ground-glass opacities with nodular
infiltration in the left lung lower lobe, left-sided minimal
pleural effusion (13 mm), and ground-glass opacities in the
anterior segment of the right lung lower lobe (Figure TA-D).

The patient has been treated with a presumed diagnosis of
COVID-19 and/or atypical pneumonia based on clinical, lab-
oratory, and radiological findings, and after that, a real-time
polymerase chain reaction (PCR) sample was requested under
pandemic conditions. In accordance with the guideline of the
Turkish Health Ministry's COVID-19 treatment protocol, he
was started favipravir (1.6 g twice daily on day 1, followed
by 600 mg twice daily for 4 days), low-molecular-weight
heparin (LMWH, enoxaparin sodium 4000 U/0.4 ml/day,
subcutaneous) and parenteral methylprednisolone (1 mg/kg
methylprednisolone for 5 days) was implemented due to
acute hypoxemic respiratory failure.> Additionally, he was

MAIN POINTS

e Cocaine is one of the most widely used illegal drugs in
the world. Because of its great propensity for addiction, it
is a common cause of drug-related death. Crack cocaine
has been linked to a range of pulmonary symptoms when
inhaled.

e  Crack lung states an acute syndrome of diffuse alveolar
damage and hemorrhagic alveolitis that appears within
48 hours of smoking crack. Crack lung is a rare type
of cocaine-related respiratory illness with distinct
radiographic features. These radiographic features are
nonspecific and include diffuse alveolar infiltrations and
ground-glass opacities that usually go away once the drug
is discontinued.

e There are no specific differentiable clinical, laboratory,
and radiological findings for crack lung which can
help for its discrimination from coronavirus disease
2019 pneumonia.

e Most of the drug abusers deny cocaine use. Crack
lung should also be considered within the differential
diagnosis of patients presented with acute hypoxemic
respiratory failure and bilateral pulmonary infiltrates.

given an empirical antibiotic (moxifloxacin 400 mg/day for
5 days), and oxygen support by nasal cannula (5 L/min).

Despite the decrease in his complaints in the following
days, his oxygen support continued. Control chest x-ray scan
showed a marked regression of the infiltration in the left
lung and the emergence of new infiltrations in the middle
and lower zones of the right lung on the fifth day (Figure 1E).
A decrease in acute phase response with an increase in trans-
aminases and p-dimer (3.9 pgFEU/mL) values were observed
in the subsequent laboratory results. Pulmonary CT angiogra-
phy was performed in order to exclude the possibility of any
pulmonary embolism on the eighth day following admission.
No filling defect was observed but parenchymal imaging
showed a significant reduction in left lung opacities, while
new ground-glass opacities were appearing in the lower
lobe of the right lung similar to that in the chest x-ray scan
(Figure 2). After that, real-time PCR remained negative on
2 occasions. The patient was re-evaluated due to the rapidly
changing radiological findings with clinical suspicion. After
a detailed inquiry, it was revealed that he had a history of
heavy inhaled cocaine use 2 days before hospitalization. He
was a regular crack smoker at least for 5 years, but he had no
complaints regarding the pulmonary system in the past. Also,
he had smoked cannabis for 10 years. Afterward, his urine
toxicology was found to be positive for cocaine. Considering
all these findings, we thought that the diagnosis is crack lung.

Although there are no specific clinical or laboratory find-
ings for crack lung which can help for its discrimination
from COVID-19 pneumonia, treatment protocols are similar
for these conditions. During the follow-up, his dyspnea was
recovered and SpO, was found 98% at room air. His labora-
tory findings and his radiologic findings returned to normal
within 10 days. He was discharged with a follow-up appoint-
ment and referred to a psychiatry clinic.

DISCUSSION

“Crack lung” has been defined as an acute pulmonary syn-
drome that occurs after smoking crack cocaine."* Smoked
cocaine leads to acute and chronic pulmonary complica-
tions including pulmonary edema, alveolar hemorrhage,
eosinophilic pneumonia, bronchiolitis obliterans organizing
pneumonia (BOOP), interstitial pneumonitis, alveolar hem-
orrhage, pneumothorax, barotrauma, bullous lung disease,
thromboembolic disease, and pulmonary hypertension.
Diagnosis can be difficult due to nonspecific clinical features
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including acute pulmonary syndrome and chest imaging in
crack lung.!>%® Suspicion, a detailed history, and physical
examination are required to obtain a diagnosis.

At first, all clinical and laboratory findings of our patient
suggested COVID-19. During admission, he presented with
acute respiratory symptoms, patchy ground-glass opaci-
ties, and laboratory abnormalities, such as elevated acute
phase response and lymphopenia. Interestingly, most labo-
ratory findings that have been reported in the crack lung
are similar to COVID-19, including elevated troponin,”
liver enzymes,® C-reactive protein,® and lymphopenia.’
Empirical antibiotics were given to the patient before the
sputum test results because of probable bacterial etiology.
A recently reported meta-analysis showed that high pro-
calcitonin levels are associated with severe COVID-19'";
however, increased procalcitonin levels were also reported
in amphetamine and sympathomimetic drug overdose.'? In
addition to that, another recent meta-analysis showed that
procalcitonin levels are not sensitive enough to direct the
decision of antibiotic usage in patients with community-
acquired pneumonia.’

Our patient’s consecutive real-time PCR tests were nega-
tive, and CT images were compatible with radiological find-
ings of COVID-19. However, the presence of transient lung
infiltrations in the follow-up prompted us to re-evaluate the
diagnosis of COVID-19. Previous studies on crack lung and
thorax CT findings reported that pathological findings such
as consolidation, ground-glass opacities, cavitations, and air-
space nodules were usually found bilaterally and in the upper
lobes. The chronological association between crack cocaine
usage and the symptoms observed at the beginning and the
rapid resolution of pulmonary lesions discontinued after drug
use enabled us to diagnose “crack lung”.®

The treatment approach for crack lung primarily con-
sists of the use of supplemental oxygen, bronchodilators,

. N : R\

Figure 2. (A-G) Pulmonary computed tomography angiography on the eighth day. The left lung opacities regressed significantly, while new
ground-glass opacities developed in the lower lobe of the right lung. (H) Complete radiological resolution, chest x-ray 10 days following
presentation.

supportive fluid treatment, and ventilatory support if
required.” Administration of LMWH is necessary for the
thromboembolism prophylaxis of COVID-19, as well as
in the treatment of cocaine-induced in situ thrombosis.™
There were reports about steroid benefits in severe cases.*
However, steroid usage is controversial.'

In our COVID-19 treatment protocol, the use of corticoste-
roids was recommended for patients who needed oxygen
support, which is why corticosteroids were used in this
patient.’ Rapid clinical improvement may be associated with
corticosteroid therapy and/or cessation of drug use.

Finally, there are no specific pathognomonic clinical, labora-
tory, or radiological findings for crack lung which can help
for its discrimination from COVID-19 pneumonia or other
pathologies such as pneumonia, cryptogenic organized
pneumonia or BOOP eosinophilic pneumonia, and cardio-
genic pulmonary edema. As information about recreational
drugs is poorly transferred, a structured approach to taking
a medication history would be of utmost importance when
this condition is among the differential diagnosis. When a
ground-glass opacity pattern is seen at a chest CT scan, crack
lung should also be taken into consideration for a differential
diagnosis.
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Case Report

Pseudoaneurysm as an Etiological Cause of Hemoptysis in
Extensive Tuberculosis
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Hemoptysis is a life-threatening emergency and a possible first sign of pulmonary tuberculosis. Minor hemoptysis, as a possible clinical
aspect of adult tuberculosis, usually has limited course and in most cases, is resolved with antitubercular therapy. However, massive
hemoptysis is a life-threatening condition associated with a mortality rate of >50% in the absence of well-timed and proper handling.
Hence, prompt diagnosis and early interventions are essential. In this study, we present a rare case of pseudoaneurysm causing massive
hemoptysis in a patient with pulmonary tuberculosis.

KEYWORDS: Pseudoaneurysm, tuberculosis, hemoptysis
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INTRODUCTION

Tuberculosis is still a major threat to public health in the world." It represents diagnostic and therapeutic challenges as
it can present numerous forms of complications that may involve the lung parenchyma, airways, pleura, or pulmonary
vessels.! Cavitation, bronchiectasis, and pleural disease are the most seen and described complications that are opposite
to the vascular complications which are rare sequelae of pulmonary tuberculosis. However, the latter has a very high
mortality rate.’

Pseudoaneurysm is a rarity caused by the weakening of the pulmonary artery wall from adjacent cavitary tuberculosis.
Progressive weakening of the arterial wall occurs as granulation tissue replaces both the adventitia and the media. The
granulation tissue in the vessel wall is then gradually replaced by fibrin, resulting in thinning of the arterial wall, pseudoa-
neurysm formation, and subsequent rupture.

The aim of this study is to emphasize the importance of early identification of pseudoaneurysm as a cause of potentially
life-threatening bleeding in pulmonary tuberculosis.

CASE PRESENTATION

A 51-year-old male, a salesman by profession, a long-term smoker, with a history of diabetes mellitus, gastritis, and severe
sideropenic anemia, was hospitalized due to serious conditions, massive hemoptysis and acute respiratory failure.

He complained of a productive cough that lasted for months with severe hemoptysis that had occurred 7 days before
hospitalization. Additionally, he reported recent night sweats, progressive fatigue, shortness of breath, and weight loss.

The physical examination showed dyspnea at rest and diffuse auscultatory wet rales but stable vital signs. In the initial
laboratory investigation, we find microcytic anemia, leukocytosis, elevated C-reactive protein, hypokalemia, hyponatre-
mia, and hypoalbuminemia. The classic chest x-ray showed inhomogeneous shading of the upper lung lobe on the right
with a large round soft tissue shadow of 7.7 cm in diameter located in the middle lung lobe on the right with bilateral
spotted infiltrates (Figure 1). Written informed consent was obtained from the patient for publication of his medical data,
including images.

The patient underwent flexible bronchoscopy as an initial procedure to investigate massive hemoptysis because it has
potential diagnostic as well as therapeutic benefits. But the procedure was interrupted before bronchoscopic sampling
was even started because of the intolerance of the patient.

Upon stabilization of the patient, we performed a computed tomography (CT) scan which showed a completely morpho-
logically altered upper lung lobe to the right with wide bronchial spaces and volume reduction and destruction.
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Figure 1. Inhomogeneous shading of the upper lung lobe on the
right with a large round soft tissue shadow of 7.7 cm in diameter
located in the middle lung lobe on the right with bilateral spotted
infiltrates.

Diffuse bilateral varicose and cylindrical bronchiecta-
sis of markedly thickened bronchial walls with mucoid
impacts were also shown. Furthermore, it showed a large
consolidation in the anterior segment of the lower lung
lobe on the right and within the consolidation foci of
destruction with pseudoaneurysm sizes of 23 and 26 mm.
Lymphadenopathy of the mediastinum and a lower group
of paratracheal and subcarinal lymph nodes were also
described (Figure 2).

Acid-resistant bacilli were recorded in the sputum by
direct microscopy, with a subsequent positive culture for
Mycobacterium tuberculosis. The QuantiFERON test was
negative. The patient was diagnosed to have extensive pul-
monary tuberculosis with pseudoaneurysm within the inflam-
matory consolidation of the right lower lobe.

Conservative treatment of hemoptysis was performed due
to the stable vital signs of patient. It included strict bed rest,
cough suppressant, tranexamic acid, and blood transfusion.
Further, we started the first-line antituberculous therapy (iso-
niazid, rimactane, ethambutol, pyrazinamide, and streptomy-
cin). The patient’s clinical condition gradually improved, and
there was no need for bronchial artery embolization (BAE) or
urgent surgical procedures.

MAIN POINTS

e Tuberculosis is still a major threat to public health in the
world, and hence, it requires prompt diagnosis and an
early treatment plan.

e Pseudoaneurysm could be a cause of life-threatening
bleeding in pulmonary tuberculosis

e Comprehensive awareness and knowledge of atypical
tuberculosis manifestations as well as extremely rare
tuberculosis-related pulmonary vascular complications
are crucial.

Figure 2. Consolidation in the anterior segment of the lower lung
lobe on the right and within the consolidation foci of destruction
with pseudoaneurysm sizes of 23 and 26 mm.

A control chest x-ray performed after 3 weeks showed that
the infiltrate of the anterior segment of the lower right lobe
is in the partial regression and the infiltrate of the right api-
cal is stationary with a smaller amount of gas inclusion
(Figure 3). Also, control CT pulmonary angiography after
3 weeks showed complete regression of the previously
described pseudoaneurysm as well as partial regression of
the consolidation (Figure 4). The patient’s follow-up period
was 2 years.

DISCUSSION

Hemoptysis in the presence of tuberculosis can be due to
varied etiopathologies like bronchiectasis, aspergillomas,
bronchiolitis, scar carcinoma, chronic bronchitis, microbial
colonization within a cavity, and vascular abnormalities such
as pseudoaneurysms.

The infection has been associated with pseudoaneurysms
in the systemic circulation but is seen less commonly in
the pulmonary circulation. We need to mention that there
are also a few non-infectious as well as iatrogenic cases
that could possibly be associated with pseudoaneurysm
formation.?

Figure 3. Infiltrate of the anterior segment of the lower right lobe is
in the partial regression and the infiltrate of the right apical is
stationary size with a smaller amount of gas inclusion.
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Figure 4. Complete regression of the previously described pseudoaneurysm in the consolidation of the anterior segment of the lower lobe to

the right, which is regressive in size.

In our case, pseudoaneurysm was a very rare complication
of pulmonary tuberculosis. These pseudoaneurysms, which
were first described in 1868 by Fritz Valdemar Rasmussen,
can originate in the bronchial vasculature (most frequently,
in up to 90% of cases), non-bronchial systemic arteries, or
pulmonary artery branches.?

Aneurysmal dilatation of the pulmonary artery adjacent to
the cavity (Rasmussen’s pseudoaneurysm) is one of these vas-
cular complications which are estimated to occur in 0.25%
of patients with pulmonary tuberculosis. It usually presents
clinically by massive hemoptysis thus carrying an extremely
high mortality rate that exceeds 38%.*

The pulmonary artery pseudoaneurysm associated with
tuberculosis is thought to be caused by contiguous spread
from the tuberculous cavity, which leads to tissue destruc-
tion from the outer vessel wall toward the lumen. The
affected vessel wall is prone to break down, leading to rup-
ture and pseudoaneurysm formation.” Computed tomog-
raphy angiography is the preferred diagnostic modality for
pulmonary artery pseudoaneurysm. In the literature, the
prevalence of pulmonary artery pseudoaneurysm ranges
from 5% to 11% in patients with tuberculosis presenting
with hemoptysis.®

Since hemoptysis is a life-threatening condition, early inter-
vention with diagnostic and therapy plans in patients with
respiratory or hemodynamic compromise not responding to
the conservative treatment is mandatory. The treatment of
choice is BAE or if it is further required surgery, either urgent
or planned - delayed, which mainly depends on the patients’
clinical status. The risk of mortality in patients who under-
went urgent surgery was higher versus planned-delayed sur-
gery; therefore, it is impelling to accomplish preoperative
optimization.”

Previous similar case presentations have revealed that the
treatment of choice was BAE with only 1 case report in which
surgery was conducted.®"!

Comprehensive knowledge of atypical tuberculosis mani-
festations as well as extremely rare tuberculosis-related
pulmonary vascular complication is crucial since early

antituberculosis treatment introduction could contribute to
conservative treatment of hemoptysis.
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