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EDITORIAL

Prof. Aydın ÇİFCİ, MD
Editor-in-Chief

The interest in our journal, and therefore both the number and quality of our articles, is increasing day by 
day. Recently, our journal Anatolian Current Medical Journal (ACMJ) entered strong indexes. In this 
issue, we have received 19 original articles from different fields of medicine, and an interesting case report 
that I believe will guide our colleagues. In addition, there are 6 interesting original articles on COVID-19 
that are still up to date. After Journal of Medicine and Palliative Care (JOMPAC), which recently entered 
TR-Dizin ULAKBİM, we believe that ACMJ will soon enter TR-Dizin ULAKBİM. We thanks our valuable 
colleagues who contributed as authors, and to everyone who contributed to the journal.

Best Regards
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ABSTRACT
Aim: Influenza is the main cause of acute respiratory disease worldwide and is transmitted via the respiratory secretions of 
infected individuals. The aim of this study was to retrospectively investigate influenza, a virus with which we have a longer 
history, during a period in which the COVID-19 pandemic has dominated current events in terms of viral infections.
Material and Method: Epidemiological and laboratory data of patients over 18 years of age who tested positive for influenza 
infection and received inpatient treatment in the Erzurum Regional Training and Research Hospital between January 1, 2019 
and December 31, 2020 according to the influenza management algorithm of the Public Health Institution of Turkey were 
evaluated retrospectively.
Results: Of the 164 patients included in our study, 129 were hospitalized due to influenza A and 35 due to influenza B. 
Procalcitonin, aspartate transaminase, alanine transaminase, creatine kinase, total bilirubin, and direct bilirubin levels were 
significantly higher in the influenza A group compared to the influenza B group (p=0.002, 0.005, 0.006, 0.030, 0.010, and 
0.004, respectively). Ten of the patients in the study died; there was no significant difference in mortality based on influenza 
subtype or presence of comorbidity (p=0.999 and 0.756, respectively). Forty-one (54.7%) of the patients with comorbidities 
had received an influenza vaccine.
Conclusion: Although COVID-19 has dominated the global stage since the pandemic started, the effects of periodic pandemics 
of our old acquaintance influenza still continue. Vaccination, which is our strongest weapon against pandemics, can reduce 
mortality in patients with comorbidities, as seen in our study.
Keywords: Influenza, pandemic, comorbidities
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INTRODUCTION
The 1918 “Spanish flu” pandemic killed more than 50 
million people and is the deadliest epidemic in recorded 
human history. Subsequent influenza epidemics such as 
the Asian flu in 1957, Hong Kong flu in 1969, and swine 
flu in 2009 had lower mortality and morbidity. Because 
influenza virus is more stable at cold temperatures, 
outbreaks usually occur during the dry, cold winter 
months. Influenza viruses are enveloped RNA viruses 
from the Orthomyxoviridae family (1). Three different 
influenza viruses have been identified: influenza A, 
B, and C. Hemagglutinin and neuraminidase are 
their two main envelope glycoproteins. Due to the 
segmented genome structure of the genes encoding 
these glycoproteins, mutations and antigenic changes 
can lead to epidemics and pandemics (2). Influenza A 

shows the greatest antigenic shift and antigenic drift of 
the influenza viruses and is therefore the main driver of 
outbreaks (3).

Influenza is the leading cause of acute respiratory disease 
worldwide. It is transmitted via the respiratory secretions 
of infected people. Symptoms occur approximately 1 to 
4 days after infection and patients are infectious from 
1 day before to 5 to 7 days after symptom onset. The 
most common symptoms are chills, fever, sore throat, 
nasal congestion, generalized muscle aches, headache, 
and fatigue, with vomiting and diarrhea seen mostly 
in children. It can present with more severe clinical 
signs and symptoms in people with comorbidities, 
individuals over 65 years old, and pregnant female (4). 
In addition to the direct effect of the virus, the most 

https://orcid.org/0000-0002-5160-4854
https://orcid.org/0000-0002-6048-1462
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common cause of morbidity and mortality in these 
patient groups is superinfections that cause pneumonia 
and acute respiratory distress. Therefore, vaccination 
is recommended for these groups before the influenza 
season (5). 

Influenza diagnosis can be made by virus polymerase 
chain reaction (PCR) test or culture of respiratory 
secretions obtained by nose and throat swab within the 
first days of symptom onset. Serological testing can also 
be done to detect antibodies in the serum (6,7). Antiviral 
agents used for treatment can be effective when started 
within the first days of symptoms. These include the M2 
protein inhibitors amantadine and rimantadine and the 
neuraminidase inhibitors zanamivir and oseltamivir 
(8,9). 

The aim of this study was to retrospectively evaluate the 
epidemiological and clinical findings of influenza patients 
who presented to the infectious diseases outpatient clinic 
and emergency department and were treated on an 
inpatient basis. 

MATERIAL AND METHOD
The study was carried out with the permission of 
Erzurum Training and Research Hospital, Noninvasive 
Clinical Ethics Committee (Decision No:2021/08-153) 
All procedures were carried out in accordance with the 
ethical rules and the principles of the Declaration of 
Helsinki.

Study Design
Epidemiological and laboratory data of patients over 18 
years of age who tested positive for influenza infection 
and received inpatient treatment in the Erzurum Regional 
Training and Research Hospital between January 1, 
2019 and December 31, 2020 according to the influenza 
management algorithm of the Public Health Institution 
of Turkey were evaluated retrospectively. Influenza was 
diagnosed by real-time PCR testing of nasopharyngeal 
swab samples obtained from patients with consistent 
clinical findings. 

Definitions and Treatment 
Patients who presented to the emergency department or 
infectious diseases outpatient clinic with the following 
signs and symptoms were admitted for inpatient 
treatment: shortness of breath or difficulty breathing, 
change in vital signs (arterial hypotension, defined 
as systolic blood pressure <90 mmHg and diastolic 
blood pressure <60 mmHg or >40 mmHg decrease 
from previous blood pressure; respiratory rate above 
30/min; heart rate >120/min; hypoxia, defined as 
oxygen saturation <92% on pulse oximetry), change in 
consciousness, and severe dehydration (peripheral pulse 

loss or attenuation, reduced skin turgor, inability to 
read blood pressure, and loss of more than 10% of body 
weight, characterized by sunken eyes). Droplet isolation 
precautions were implemented in the patient rooms.

During follow-up, the patients were evaluated according 
to intensive care admission criteria and those with 
indications continued treatment in the isolation intensive 
care unit. The following parameters were considered as 
criteria for admission to intensive care:

Major

1. Need for invasive mechanical ventilation

2. Septic shock requiring vasopressor therapy

Minor

1. Respiratory rate ≥30/min

2. PaO2/FiO2 ratio ≤250

3. Presence of multilobar infiltrates on chest x-ray

4. Confusion/disorientation 

5. Uremia (blood urea nitrogen [BUN] ≥20 mg/dL)

6. Leukopenia (white blood cell count <4000/mm3)

7. Thrombocytopenia (platelet count <1 ×105/mm3)

8. Hypothermia (body temperature <36°C)

9. Hypotension requiring intensive fluid therapy

Patients with one major risk factor or three minor risk 
factors were treated in the isolation intensive care unit.

In addition to symptomatic treatment, inpatients in 
our clinic received oseltamivir, which was shown to be 
effective for influenza A and B, in accordance with the 
National Pandemic Plan guideline (10). As oseltamivir 
has substantial renal excretion, dose adjustments were 
made for patients with creatine clearance below 30 
mL/min. Patients weighing more than 40 kg received 
oseltamivir 75 mg (capsule) twice daily for 5 days. 
Patients with glomerular filtration rate (GFR) of >30 to 
60 mL/min received 30 mg (capsule or suspension) twice 
daily, and those with a GFR of >10 to 30 mL/min received 
a single daily dose of 30 mg (capsule or suspension). 
Patients undergoing hemodialysis or peritoneal received 
a single dose of 30 mg (capsule or suspension) after their 
dialysis session. The standard duration of treatment was 
5 days, which was extended to 10 days for intensive care 
patients, immunocompromised patients, and those with 
severe infections. In patients whose procalcitonin level 
was above the upper limit (0.5 mg/dL) determined for 
our hospital, empirical antibiotic therapy for bacterial 
superinfection was started with the correlation of clinical 
findings. Antibiotic regimens were revised according to 
sputum, blood, and urine culture results.
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Statistical Analysis
The data were analyzed using IBM SPSS Statistics for 
Windows version 20.0 (IBM Corp, Armonk, NY). 
Kolmogorov-Smirnov test were used to determine 
whether continuous variables were normally 
distributed.  Pearson chi-square, Fisher’s exact test and 
Mann–Whitney U test were used for comparisons of 
parametric data and non normally distributed numerical 
data, respectively, between groups. Independent-
samples t test was used to compare demographic data 
and laboratory parameters between groups. Receiver 
operating characteristic (ROC) curve analysis was 
used to determine the diagnostic value of continuous 
variables and the Youden index was used to determine 
cut-off values. P-values lower than 0.05 were considered 
statistically significant.

RESULTS
The mean age of the 164 patients included in the study 
was 50.3±23.3 years. The mean ages of patients with 
influenza A and influenza B infection were 52.8±20.2 
years and 41.1±18.4 years, respectively (p=0.002). 
Female accounted for 74 (57.4%) of the 129 patients 
with influenza A and 19 (54.3%) of the 35 patients with 
influenza B (p=0.744).

Seventy-five (45.7%) of the 164 patients in our study 
had comorbidities. The most common comorbidity was 
chronic obstructive pulmonary disease (COPD) (n=52, 
69.3%), followed by coronary artery disease (n=32, 
42.6%), hypertension (n=20, 26.7%), diabetes mellitus 
(n=13, 17.3%), and malignancy (n=12, 16%). The 
distribution of patients with and without comorbidities 
was 60 (46.5%) and 69 (53.5%) in the influenza A 
group and 15 (42.9%) and 20 (57.1%) in the influenza B 
group, respectively. There was no statistically significant 
difference in the frequency of comorbidity based on 
influenza type (p=0.700). In comparisons of age and 
laboratory data between patients with comorbidities 
compared to those without comorbidities, hemoglobin 
level was found to be significantly lower in patients with 
comorbidities (12.9±2.3 vs. 13.6±2.1, p=0.050). Other 
parameters showed no statistically significant differences 
between patients with and without comorbidities 
(p >0.05). The median value of hemoglobin level in 
surviving patients was 13.5, while it was 10 in non-
survival patients. A statistically significant difference 
was observed between both groups (p= 0.001)

The laboratory data at time of admission in patients with 
influenza A and B are shown in Table 1. Procalcitonin, 
aspartate transaminase (AST), alanine transaminase 
(ALT), creatine kinase, total bilirubin, and direct 
bilirubin levels were significantly higher in influenza A 

group compared to influenza B group (p=0.002, 0.005, 
0.006, 0.030, 0.010, and 0.004, respectively). In contrast, 
albumin level was significantly higher in the influenza 
B group (p=0.020).

The H1N1 subtype was detected in 96 (74.4%) of the 
patients with influenza A and the H3N2 subtype was 
detected in the other 33 patients (25.6%). Patients with 
H3N2 had a significantly higher mean age than those 
with H1N1 (58.2±20.9 years versus 50.4±19.7 years, 
p=0.050). No statistically significant differences in 
laboratory data were observed between the subtypes. 

Ten patients died during follow-up, 8 (80%) in the 
influenza A group and 2 (20%) in the influenza B 
group. Mortality did not differ significantly between 
influenza A and B (p=0.999). The comparison of age 
and laboratory data of surviving and nonsurviving 
patients is shown in Table 2. Nonsurviving patients 
had significantly higher WBC count, neutrophil count, 
mean platelet volume, red cell distribution volume, 
CRP, erythrocyte sedimentation rate, procalcitonin, 
international normalized ratio, prothrombin time, 
activated partial prothrombin time, fibrinogen, 
D-dimer, ferritin, BUN, creatinine, AST, ALT, lactose 
dehydrogenase, creatine kinase, alkaline phosphatase, 
total bilirubin, direct bilirubin, neutrophil/lymphocyte 
ratio (NLR), and platelet/lymphocyte ratio (PLR) 
than surviving patients (p <0.050). Hemoglobin, 
lymphocyte count, total protein, and albumin levels 
were significantly lower in nonsurviving patients (p 
<0.001). Four of the nonsurviving patients (40%) had 
comorbidities and 6 (60%) did not. Statistical analysis 
revealed no significant association between comorbidity 
and mortality (p=0.756).

In the ROC curve analysis between surviving and 
nonsurviving patients, the areas under the curve for 
procalcitonin, CRP, fibrinogen, D-dimer, and ferritin 
were 0.886, 0.847, 0.784, 0.925, and 0.763, respectively. 
When these variables were evaluated based on 
Youden index cut-off values, sensitivity and specificity 
respectively were 90% and 79% for procalcitonin at a 
cut-off of 1.3 ng/mL; 80% and 77% for CRP at a cut-off 
of 53.1 mg/L; 80% and 63% for fibrinogen at a cut-off of 
413.5 ng/mL; 90% and 88% for D-Dimer at a cut-off of 
1630 ng/mL; and 90% and 60% for ferritin at a cut-off of 
155.5 ng/ml (Figure 1). 

Due to the global problem in influenza vaccine 
shipments due to the COVID-19 pandemic, only people 
over 65 years of age and patients with comorbidities 
were vaccinated in our country during the study 
period. The vaccination rate among the 75 patients with 
comorbidities in our study was 54.7% (n=41). Two of 
the 41 vaccinated patients died. 
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DISCUSSION
Our retrospective analysis of influenza patients during 
the COVID-19 pandemic showed that 129 of 164 patients 
had influenza A and 35 had influenza B infections. 
The mean age was higher among influenza A patients 
than influenza B patients. Liver function tests and 
procalcitonin levels were also higher among influenza A 
patients. Influenza A subtype analysis revealed a higher 
rate of H1N1 compared to H3N2, while H3N2 was 
more frequent in older patients. In the analysis of the 10 
patients who died, the difference in mortality between 
patients with influenza A and B was not statistically 
significant. However, procalcitonin, CRP, fibrinogen, and 
D-dimer levels were significantly higher in nonsurviving 
patients than surviving patients. 

The annual recurrent respiratory disease caused by 
influenza viruses has a significant impact on human 
health and the economy. Although influenza B viruses 
(IBV) are found almost exclusively in humans, influenza 
A viruses (IAVs) circulate in annual outbreaks within 
the human population and emerge from a large zoonotic 
reservoir (11). In a process called antigenic drift, IAVs 
can rapidly acquire adaptive mutations, enabling them 
evade the immune system response. In addition, their 
multiple RNA segments facilitate the reassortment of 
genetic elements from different IAVs. This process, 
called antigenic shift, is responsible for the increased 
pathogenicity and infectivity of the virus in pandemic 
outbreaks. In addition, studies have shown that the 
interaction of hemagglutinin (HA) and neuraminidase 
(NA) has an important place in the replication of the 

Table 1. Comparison of age and laboratory parameters between patients with influenza A and B
Influenza A (n=129)

Median (IQR) (min.-max)
Influenza B (n=35)

Median (IQR) (min.-max) p

Age (years) 62 (38.1-81.2) (18-94) 42 (26.4-69.5) (19-92) 0.002
WBC (/µL) 6450 (3156-14580) (2050-27780) 7300 (2630-14230) (2590-18760) 0.710
Hemoglobin (g/dl) 12.8 (9.7-15.4) (8-17) 13.6 (10.1-16.9) (7.6-18.5) 0.770
Neutrophils (/µL) 4870 (810.4-10100.4) (790-25830) 5390 (850.4-91601) (1520-14210) 0.830
Lymphocytes (/µL) 880 (954-1640) (100-3160) 1240 (765.9-1890.6) (360-3570) 0.070
Monocytes (/µL) 440 (50-890) (10-1200) 600 (98-980) (100-4680) 0.118
Eosinophils (/µL) 10 (0-140) (0-550) 10 (0-135) (0-330) 0.633
Basophils (/µL) 10 (0-30) (0-70) 20 (0-45) (0-90) 0.460
Platelets (/µL) 187000 (154000-264000) (40000-620000) 223000 (210000-286000) (27000-368000) 0.670
MPV (fL) 10.6 (8.9-12.1) (8.6-13.9) 9.9 (9.1-11.7) (9.2-12.4) 0.280
RDW 13.8 (11.7-16.4) (11.9-29.3) 13.1 (10.1-16.4) (11.6-21.2) 0.610
CRP (mg/L) 36.7 (16.9-92.4) (3-396) 13.3 (18.4-88.9)(3-231) 0.790
Sedimentation (s) 28 (5-43) (2-96) 17 (2-37) (2-90) 0.240
Procalcitonin (ng/mL) 0.63 (0.45-5.65) (0.01-32.79) 0.03 (0.06-1.14) (0-3.5) 0.002
INR 1.12 (0.95-1.14) (0.9-1.9) 1.13 (0.99-1.2) (0.8-2.0) 0.560
PT (s) 14.6 (12.1-16.7)(11.3-33) 14.2 (12.6-15.8) (13.2-19.9) 0.560
aPTT (s) 29.4 (20.8-26.4) (21.2-74.9) 31 (21.1-26.9) (21.9-43.8) 0.940
Fibrinogen (ng/mL) 410 (210-580.4) (174-735) 352 (225-590) (131-918) 0.780
D-dimer (ng/mL) 1000 (450-2560) (100-14000) 420 (340-2460) (147-4600) 0.110
Ferritin (ng/ml) 156 (80.4-456.9) (10.2-1600) 124 (76.4-637.4) (15-1289) 0.520
BUN (mg/dL) 20.1 (8.6-35.5) (4.7-104) 15 (7.9-36.1) (9.9-119) 0.200
Creatine (mg/dL) 0.96 (0.6-1.8) (0.54-8.9) 0.81 (0.55-1.89) (0.19-4.99) 0.160
AST (U/L) 35 (33.4-101.6) (11-1735) 22 (19-41.6) (14-53) 0.005
ALT (U/L) 30 (10-78.4) (6-1164) 20 (12-36.6) (6-53) 0.006
LDH (U/L) 234 (167.8-510.8) (165-2929) 303 (142.4-470.4) (183-638) 0.230
CK (U/L) 128 (45.4-468.9) (22-13649) 80 (34.4-130.4) (29-243) 0.030
GGT (U/L) 32 (19-120.9) (11-959) 21 (14-110.6) (10-121) 0.140
ALP (U/L) 77 (42-94.6) (33-633) 82 (37-95.5) (45-165) 0.370
Total bilirubin (mg/dL) 0.5 (0.3-1.2) (0.1-3.8) 0.4 (0.3-0.8) (0.25-1.72) 0.010
Direct bilirubin (mg/dL) 0.23 (0.15-0.99) (0.1-1.17) 0.17 (0.15-0.35) (0.1-0.54) 0.004
Total protein (g/dl) 6.1 (4.7-7.2) (4.5-9.3) 7.2 (4.6-7.1) (4.8-8.1) 0.790
Albumin (g/dl) 3.4 (2.34-3.6)(2.21-4.6) 4.1 (3.6-4.6) (1.8-4.8) 0.020
NLR 5.18 (3.48-7.65) (0.47-88.71) 3.42 (2.98-6,96) (0.7-34.5) 0.330
PLR 170.3 (56.8-190.6) (44.9-3100) 191.2 (55.4-110.6) (7.56-603.3) 0.280
WBC: White blood cells, MPV: Mean platelet volume, RDW: Red blood cell distribution width, INR: International normalized ratio, PT: Prothrombin time, aPTT: Activated 
partial prothrombin time, NLR: Neutrophil/lymphocyte ratio, PLR: Platelet/lymphocyte ratio, AST: Aspartate aminotransferase, ALT: Alanine aminotransferase, LDH: Lactate 
dehydrogenase, GGT: Gamma glutamyl transferase, ALP: Alkaline phosphatase, BUN: Blood urea nitrogen, CK: Creatine kinase, SD: Standard deviation, p: Comparison of 
parameters between groups



220

Kerget et al. Influenza during the COVID-19 pandemic Anatolian Curr Med J 2022; 4(3); 216-222

virus. It has been observed that the virus mutates in 
order to continue its replication in host cells where 
balanced HA and NA activities are not realized. While 
these mutations facilitate the adaptation of the virus 
to the hosts, it also enabled it to escape from antiviral 
treatments. The antigenic properties of HA and NA on 
IAVs enable them to be divided into subtypes, the most 
common of which are H1N1 and H3N2 (12,13).

Influenza virus infections primarily cause 
uncomplicated respiratory tract infection characterized 
by fever, muscle aches, chills and shivering, and fatigue 
lasting approximately 2 to 8 days. Onset is rapid, and 
it may also present with gastrointestinal symptoms 
such as vomiting and diarrhea in the pediatric age 
group (14). Older patients, pediatric patients, and 
patients with high comorbidity can develop viral 

or secondary bacterial pneumonia that causes 
respiratory and multiple organ failure (15). Therefore, 
in addition to patients receiving immunosuppressive 
therapy, patients with obstructive pulmonary disease, 
congenital or acquired heart disease, chronic kidney 
and liver disease, and individuals over 65 years of age 
are risk groups for clinically severe illness (16). This 
increases the importance of inducing active immunity 
with vaccination in these populations before outbreaks 
occur (17-20).

Most of the patients in our study had IAV infection, 
and patients with IAV infection were statistically older 
than those with IBV infection. In addition, patients 
with IAV infection had higher procalcitonin levels and 
liver function tests at admission. These results suggest 
that IAV, which mutates more frequently than IBV, is 

Table 2. Comparison of age and laboratory parameters between surviving and nonsurviving influenza patients
Survivors (n=154)

Median (IQR) (min.-max)
Non-survivors (n=10)

Median (IQR) (min.-max)
p

Age (years) 53 (22-48) (18-94) 70 (64-78) (21-92) 0.002
WBC (/µL) 6475 (4530-8210) (2050-27780) 9970 (8450-12690) (1650-19800) 0.030
Hemoglobin (g/dl) 13.5 (12.4-14.6) (8-18.5) 10 (8.8-12.1) (7.6-13.7) 0.001
Neutrophils (/µL) 4585 (2880-7140) (790-25830) 8305 (6500-9670) (2520-18090) 0.005
Lymphocytes (/µL) 985 (756-1103) (250-3570) 765 (540-910) (100-1430) 0.001
Monocytes (/µL) 515 (310-796) (70-4680) 450 (356-750) (10-870) 0.390
Eosinophils (/µL) 10 (5-90) (0-550) 0 (0-100) (0-260) 0.660
Basophils (/µL) 20 (10-40) (0-90) 15 (0-30)(0-40) 0.450
Platelets (/µL) 205000 (196000-260000) (27000-456000) 207500 (180500-250000) (9100-620000) 0.890
MPV (fL) 10.1 (8.9-11) (8.6-13.9) 11 (10.5-11.8) (10.2-12.7) 0.020
RDW 13.3 (12.1-18.6) (11.6-29.3) 15.6 (14.3-16.5) (13.2-17.1) 0.020
CRP (mg/L) 17 (10-33) (3-396) 93 (80-135) (31.1-290) 0.001
Sedimentation (s) 21 (15-33) (2-96) 48.5 (42-66) (7-90) 0.001
Procalcitonin (ng/mL) 0.1 (0-0.6) (0-12.3) 5.5 (0.9-2.4) (0.1-32.8) 0.001
INR 0.9 (0.8-1) (0.8-1.5) 1.9 (1.5-2) (1.4-2) 0.020
PT (s) 14.3 (13.5-16.4) (11.3-33) 17.7 (16.8-20.4) (13-21.9) 0.020
aPTT (s) 29.4 (28.4-35.4) (21.9-74.9) 32.5 (30.4-39.6) (21.2-73.3) 0.020
Fibrinogen (ng/mL) 373 (188-299) (131-918) 503 (430-667) (341-728) 0.006
D-dimer (ng/mL) 636.5 (225-860) (100-14000) 3185 (2456-6530) (1260-8490) 0.005
Ferritin (ng/ml) 129.3 (88-260) (10.2-1289) 249 (210-480) (130-1600) 0.001
BUN (mg/dL) 15.7 (12.6-36.4) (4.7-104) 43.3 (29.6-49.8) (9-119) 0.010
Creatine (mg/dL) 0.9 (0.8-1.4) (0.2-8.9) 1.9 (1.7-3.2) (0.6-4.99) 0.020
AST (U/L) 28 (22-45) (13-681) 49 (41-102) (11-1735) 0.001
ALT (U/L) 26.5 (20-47) (6-292) 62 (55-136) (6-1164) 0.001
LDH (U/L) 299.5 (210-350)(165-2156) 444 (360-596) (196-2929) 0.001
CK (U/L) 97.5 (80-106.5) (22-2359) 173.5 (150.6-360.6) (72-13649) 0.001
GGT (U/L) 28 (20-45) (10-242) 72 (50-96) (16-959) 0.001
ALP (U/L) 74.5 (65-95) (40-192) 150.5 (110-230) (33-633) 0.001
Total bilirubin (mg/dL) 0.5 (0.4-0.9) (0.1-3.04) 0.6 (0.5-2.2) (0.2-3.8) 0.007
Direct bilirubin (mg/dL) 0.21 (0.1-0.4) (0.1-1.17) 0.25 (0.2-0.9) (0.1-1.1) 0.040
Total protein (g/dl) 6.5 (5.1-6.8) (4.5-9.3) 5.6 (4.8-5.9) (4.6-7.7) 0.001
Albumin (g/dl) 3.7 (3.4-4.1) (2.3-4.8) 3.1 (2.7-3.3) (1.8-4) 0.001
NLR 3.6 (2.8-5.6) (0.5-34.5) 15.3 (10.2-19.8) (3.5-88.7) 0.001
PLR 171.2 (160-200.4) (7.6-854.6) 296.6 (256-410) (80.4-3100) 0.001
WBC: White blood cells, MPV: Mean platelet volume, RDW: Red blood cell distribution width, INR: International normalized ratio, PT: Prothrombin time, aPTT: Activated 
partial prothrombin time, NLR: Neutrophil/lymphocyte ratio, PLR: Platelet/lymphocyte ratio, AST: Aspartate aminotransferase, ALT: Alanine aminotransferase, LDH: Lactate 
dehydrogenase, GGT: Gamma glutamyl transferase, ALP: Alkaline phosphatase, BUN: Blood urea nitrogen, CK: Creatine kinase, SD: Standard deviation, p: Comparison of 
parameters between groups
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more easily transmitted to all age groups and may cause 
more severe illness in elderly patients in particular due 
to both its direct effect and the superinfections it can 
lead to. In the IAV subtype analysis, we observed that 
H1N1 was more common than H3N2. 

Of the 10 patients who died, 8 had IAV infection and 2 
had IBV infection. The nonsurviving patients showed 
significantly greater changes in nearly all studied 
laboratory parameters when compared with surviving 
patients. This may also be evidence that IAV infection 
leads to more severe clinical manifestations due to its 
high frequency among older patients and the associated 
superinfections that occur in this patient population. In 
this study, there was no statistically significant difference 
in mortality based on the presence of comorbidities. 
This result may be related to the fact that 41 of the 75 
patients with comorbidities in our study with influenza 
vaccine priority during the pandemic (due to age 
and presence of comorbidities) were vaccinated. We 
observed with influenza the most concrete evidence of 
what we have experienced so bitterly during the current 
COVID-19 pandemic, that severe clinical illness can be 
prevented with vaccination. In addition, in the ROC 
curve analysis of nonsurviving patients, the high areas 
under the curve and sensitivity of procalcitonin, CRP, 
fibrinogen, D-dimer, and ferritin may indicate that 
these parameters can be used to predict mortality, as in 
the COVID-19 pandemic. 

The main limitation of our study was the inability to 
observe the effect of comorbidities on mortality and 
laboratory parameters due to the lack of homogeneity 
in the vaccinated patient population. The priority given 
to the at-risk population in the vaccination program 
during the pandemic is a factor that prevented an 
increase in mortality in these patients. Furthermore, 
as superinfections cannot be predicted in advance and 
patients are given empiric antibiotherapy based on 
their laboratory results, it is not clear whether changes 
in laboratory parameters occurred due to influenza or 
superinfections that developed afterwards.  

In conclusion, IAV infection occurs more frequently 
than IBV and may present with more severe disruptions 
in laboratory parameters. The IAV subtype H1N1 was 
found to cause infection more frequently in our region. 
The high procalcitonin levels observed in nonsurviving 
patients suggest superinfections as the likely precipitating 
factor of mortality in these patients. Our analysis of 
the relationship between comorbidity and mortality 
indicated that the vaccine policy prioritizing adults 
over 65 years of age and those with comorbidities had a 
favorable impact on mortality. 
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ABSTRACT

Aim: During Ramadan month, every year, approximately two billion of Muslims practice fasting and avoid eating, 
drinking and intercourse from dawn to dusk throughout the world. Although the effects of Ramadan fasting on 
human health were highly studied in academic literature, there are only limited number of scientometric articles 
referring to Ramadan and health.
Material and Method: We performed a scientometric analysis of “Ramadan and health” publications indexed in 
Web of Science databases between 1980 and 2019 and found a total of 497 articles.
Results: The most published documents were original articles (88.13%). The most studies areas were found to be 
Religion, Nutrition and Endocrinology, (n=269, 214 and 184 items, respectively). The USA was leading country 
with 76 items followed by Saudi Arabia, the UK, Turkey and Iran (n=76, 58, 55, 39 and 36 papers, respectively). King 
Saud University (Saudi Arabia) ranked first in institutions with 21 items. H-index of Ramadan and health literature 
was measured as 40 and total number of citations was 5837. The most indexed keywords were “Ramadan”, “fasting”, 
“diabetes”, and “pregnancy”. The USA, the UK, Saudi Arabia and Canada were found as the most collaborative 
countries.
Conclusion: The importance of scientometric studies has been increasing in recent years. We think that this 
scientometric study data about Ramadan and fasting which are the conditions of the religion of Islam will contribute 
to scientists.

Keywords: Ramadan, health, fasting, scientometrics, bibliometrics
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INTRODUCTION
Diurnal fasting for a limited number of days is 
ordained in Islam and Judaism in Abrahamic religions. 
In Islam, fasting during the month of Ramadan was 
fundamentally ordered for Muslims according to the 
surah al-Baqarah verse 183-184 in Holy Quran (1). 
During Ramadan month, every year, nearly two billion 
of Muslims practice Ramadan fasting and abstain from 
eating, drinking and intercourse from dawn to sunset 
throughout the world (2). Scientometrics is a statistical 
discipline evaluating academic literature in a certain field 
(3). Although the effects of Ramadan fasting on human 
health were highly investigated in academic literature, 
there are only limited number of scientometric articles 
referring to Ramadan and health.

MATERIAL AND METHOD
Ethics committee approval was not required for the 
preparation of the article. Institutional approval was 
obtained for the preparation of the article.

We analyzed all articles in the literature of Ramadan 
and health indexed in Web of Science (WoS, Clarivate 
analytics, USA) databases titled Core Collection, 
SciELO Citation Index, Russian Science Citation Index 
and Korean Journal Database. All papers published 
between 1980 and 2019 were included in our analysis. 
A search string containing keywords of “Ramadan” and 
“health” were used for our scientometric search. A free 
web source named GunnMap 2 was used to generate 
global productivity map in academic literature (4). 

https://orcid.org/0000-0002-3636-4004
https://orcid.org/0000-0001-8098-1686
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Figure 1. Record count of Ramadan and health literature by year

Countries, authors, institutions and source titles
The most contributor countries were the United States of 
America (USA), Saudi Arabia, the United Kingdom (UK), 
Turkey and Iran (n=76, 58, 55, 39 and 36 documents, 
respectively; Figure 2). Publications were distributed 
to 61 countries (Figure 3). The most prolific author was 
Hassanein M with 10 articles from University of Leicester 
(UK) (Table 3). King Saud University (Saudi Arabia) was 
the leading institution with 21 items (Table 4). The most 
productive journal in this field were Diabetes Research 
and Clinical Practice, Journal of The Pakistan Medical 
Association and Journal of Sports Sciences (4.22, 2.21 
and 1.81%, respectively; Table 5). According to WoS 
Core Collection, top ten funding agencies were German 
Research Foundation (Germany), National Institutes 
of Health (USA) and The United States Department of 
Health & Human Services (USA).

Figure 2. Top ten countries producing articles in Ramadan and 
health field by total record count

Figure 3. Global productivity in Ramadan and health literature

Scientometric network images were created with a free 
software tool titled VOSviewer (version 1.6.7, Copyright 
Centre for Science and Technology Studies, Leiden 
University, The Netherlands) (5).

RESULTS
General features
Our search yielded 497 articles and only 35.61% of which 
were open access. Main language of the literature was 
English (96.98%) followed by French, Arabic, Spanish 
and German (3.22, 1.61, 1.61 and 0.4%, respectively). 
Original articles covered 88.13% of all literature (Table 
1). The most studies areas were found to be Religion, 
Nutrition, Endocrinology, Psychology and Health Care 
(n=269, 214, 184, 178 and 150 documents, respectively; 
Table 2). The peak year of the literature was 2019 with 
73 items. 1982 was the first year that articles published 
in this area (Figure 1). The first original article in 
Ramadan and health literature was titled “Changes in 
certain blood-constituents during Ramadan” written by 
Fedail SS et al. (6) and published in American Journal of 
Clinical Nutrition.

Table 1. Types of documents published on health literature 
pertaining to Ramadan and health* 
Document type Number %a 
Original article 438 88.129 
Review 68 13.682 
Meeting report 47 9.457 
Abstract 35 7.042 
Editorial material 20 4.024 
Letter 14 2.817 
Clinical trial 11 2.213 
Other/Unspecified 9 1.811 
Case report 4 0.805 
Book 2 0.402 
Biography 1 0.201 
Total 497 100 

Table 2. The top ten research areas of documents in Ramadan and 
health literature according to Web of Science database between 
1980 and 2019

Research Areas Number of 
publications % 

Religion 269 54.125 
Nutrition/Dietetics 214 43.058 
Endocrinology 184 37.022 
Psychology 178 35.815 
Health Care 150 30.181 
Environmental/Occupational Health 145 29.175 
Behavioral Sciences 141 28.370 
Pathology 127 25.553 
Internal Medicine 119 23.944 
Pharmacology 116 23.340 
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Table 3. The most prolific authors by record count in Ramadan and 
health literature

Author Institution Country Record 
Count %* 

Hassanein M University of 
Leicester UK 10 2.012 

Dvorak J Schulthess Klinik Switzerland 7 1.408 
Van Ewijk R Gutenberg University Germany 7 1.408 

Beshyah SA Dubai Medical 
College UAE 6 1.207 

Bragazzi NL Genoa University Italy 6 1.207 

Chamari K AHP Research 
Center Qatar 6 1.207 

Maughan RJ Loughborough 
University UK 6 1.207 

Wilbur K Qatar University Qatar 6 1.207 

Zerguini Y FIFA Medical Center 
of Excellence Algeria 6 1.207 

Leiper JB Loughborough 
University UK 5 1.004 

Table 4. The top ten institutions by number of publications in 
literature of Ramadan and health literature

Organizations Country Document
 number % 

King Saud University Saudi Arabia 21 4.217 
Aspetar Orthopaedic Sports 
Medicine Hospital Qatar 11 2.209 

Dubai Hospital UAE 11 2.209 
King Abdulaziz University Saudi Arabia 11 2.209 
United Arab Emirates 
University UAE 11 2.209 

Harvard University USA 10 2.008 
Johannes Gutenberg 
University of Mainz Germany 10 2.008 

Kuwait University Kuwait 10 2.008 
University of Hassan II 
Casablanca Morocco 8 1.606 

Sackler Faculty of Medicine Israel 8 1.606 

Table 5. The first ten source titles according to the number of 
published documents in the literature of Ramadan and health

Journal Name Number of 
Publications % 

Diabetes Research and 
Clinical Practice 21 4.217 

Journal of The Pakistan 
Medical Association 11 2.209 

Journal of Sports Sciences 9 1.807 
Saudi Medical Journal 8 1.606 
International Journal of 
Clinical Pharmacy 7 1.406 

American Journal of 
Epidemiology 6 1.205 

Annals of Nutrition and 
Metabolism 6 1.205 

Diabetes 6 1.205 
Eastern Mediterranean 
Health Journal 6 1.205 

Nutrients 6 1.205 

Citation report
H-index of Ramadan and health literature was 
measured as 40 and total number of citations was 5837 
(4356 without self-citations). Average citations per 
item were calculated as 11.72. The peak year was 2019 
with 929 citations. The most cited manuscript was an 
original article investigating relation between diurnal 
fasting in Ramadan and fetal health, titled “Health 
Capital and the Prenatal Environment: The Effect of 
Ramadan Observance During Pregnancy” published in 
2011 (7) (Table 6).

Table 6. The ten most cited manuscripts in the literature of Ramadan and health

Article Author Journal name/published Total 
citation 

Average citations 
per year 

Health capital and the prenatal environment: the 
effect of ramadan observance during pregnancy 

Almond, Douglas; 
Mazumder, Bhashkar 

American Economic 
Journal-Applied Economics 154 15.40 

Effects on health of fluid restriction during fasting 
in Ramadan 

Leiper, JB; Molla, AM; 
Molla, AM 

European Journal of 
Clinical Nutrition 127 7.06 

A controlled trial of reduced meal frequency 
without caloric restriction in healthy, normal-
weight, middle-aged adults 

Stote, Kim S.; Baer, David 
J.; Spears, Karen; et al. 

American Journal of 
Clinical Nutrition 124 8.86 

The impact of religious fasting on human health Trepanowski, John F.; 
Bloomer, Richard J. Nutrition Journal 118 10.73 

Ramadan Education and Awareness in Diabetes 
(READ) programme for Muslims with Type 2 
diabetes who fast during Ramadan 

Bravis, V.; Hui, E.; Salih, 
S.; et al. Diabetic Medicine 113 10.27 

Fenton's peroxidation and coagulation processes for 
the treatment of combined industrial and domestic 
wastewater 

Badawy, M. I.; Ali, M. 
E. M. 

Journal of Hazardous 
Materials 111 7.40 

Physiological and chronobiological changes during 
Ramadan intermittent fasting 

Roky, R; Houti, I; 
Moussamih, S; et al. 

Annals of Nutrition and 
Metabolism 108 6.35 

Impact of caloric and dietary restriction regimens 
on markers of health and longevity in humans and 
animals: a summary of available findings 

Trepanowski, John 
F.; Canale, Robert E.; 
Marshall, Kate E.; et al. 

Nutrition Journal 103 10.30 

Daytime alertness, mood, psychomotor 
performances, and oral temperature during 
Ramadan intermittent fasting 

Roky, R; Iraki, L; 
HajKhlifa, R; et al. 

Annals of Nutrition and 
Metabolism 93 4.43 

Diabetes and Ramadan: review of the literature Benaji, B.; Mounib, N.; 
Roky, R.; et al. 

Diabetes Research and 
Clinical Practice 89 5.93 
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Scientometric Network Analysis
The most indexed keywords were noted to be “Ramadan”, 
“fasting”, “diabetes”, “pregnancy” and “Islam” (Table 7). 
Scientometric network map of the keywords revealed a 
flower pattern in which the keywords of “Ramadan” and 
“fasting” centered (Figure 4). The USA, the UK, Saudi 
Arabia, Canada and Germany were found to be the most 
cooperative countries (Figure 5). The most collaborative 
institutions in Ramadan and health literature were 
noted to be King Abdulaziz University (Saudi Arabia), 
University of Amsterdam (Netherlands), University of 
Genoa (Italy), Case Western Reserve University (USA) 
and Johannes Gutenberg University Mainz (Germany).

Table 7. Most used 20 keywords on the literature related to 
Ramadan and health literature

Keyword (Total link strength)
1. Ramadan (389) 11. Pharmacist (30) 
2. Fasting (323) 12. Saudi Arabia (27) 
3. Diabetes (101) 13. Sleep (27) 
4. Pregnancy (77) 14. Caloric restriction (25) 
5. Islam (64) 15. Adherence (24) 
6. Type 2 diabetes (58) 16. Insulin (23) 
7. Hypoglycemia (44) 17. Intermittent fasting (23) 
8. Nutrition (38) 18. Blood pressure (22) 
9. Muslim (37) 19. Diet (22) 

10. Quality of life (31) 20. Oxidative stress (21) 

Figure 4. Scientometric network map of the most used keywords in 
Ramadan and health literature

Figure 5. Scientometric map of the most collaborative countries in 
Ramadan and health literature

DISCUSSION
Scientometrics also known as “science of science” 
is an in-depth assessment of various quantitative 
and qualitative aspects of scientific literature in a 
certain field. Although the first scientometric study 
in the literature was conducted by Campbell in 1896, 
popularity of scientometrics has been increased in the 
last decades (8). In 1969, Pritchard proposed the term 
of “bibliometrics” instead of “statistical bibliography” 
and since then both terms of scientometrics and 
bibliometrics have been used interchangeably (9).

Beshyah and Beshyah performed a bibliometric analysis 
of the literature on Ramadan fasting and diabetes 
by searching Scopus database for a period of 1989 to 
2018. The found a total of 424 and 112 items were open 
access. Original articles were 67% of all documents 
and reviews were 15.1%. The percentage of original 
articles was noted higher in our study (88.13%). The 
authors found that the UK ranked first in the literature 
followed by Saudi Arabia although the USA stood out 
in our analysis. Imperial College London and associated 
institutions jointly with Hamad Medical Corporation of 
Qatar were the most contributor institutions related to 
Ramadan and diabetes literature (10).

Husain et al. performed a bibliometric analysis of top 
cited 100 articles on literature of Ramadan and health 
indexed in WoS databases. The UK ranked first in 
publication of the most cited 100 articles with 15 items 
followed by Turkey, Tunisia, Saudi Arabia and Iran 
(n=13, 12, 11 and 6 documents,

respectively). Interestingly, this study had no data of the 
most cited articles and therefore we could not extract 
any document title to compare the results of our analysis 
(11).

Nouira et al. reported a bibliometric study investigating 
Ramadan and health literature indexed in Medline 
(PubMed) database. A total of 508 documents from 38 
countries were noted. English was main language and 
94% of all items were original articles. Saudi Medical 
Journal which was the fourth most contributor journal 
in our analysis ranked first with 19 items in the Medline 
indexed literature of Ramadan and health. The UK had 
the most indexed publications with 146 documents 
although we found the USA was leading country in our 
analysis.

Our study has one limitation that we analyzed all 
documents in only one database. Since WoS is the world’s 
most trusted publisher-dependent database including 
global publications and citations we decided to perform 
or scientometric study by using WoS databases (12,13).
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CONCLUSION
As a result, we think that other scientometric studies 
should be done in which articles written for Ramadan 
and some specific chronic diseases are evaluated.

ETHICAL DECLARATION
Ethics Committee Approval: Ethics committee approval 
was not required for the preparation of the article. 
Institutional approval was obtained for the preparation 
of the article.
Referee Evaluation Process: Externally peer-reviewed.
Conflict of Interest Statement: All authors declare that 
they have no conflict of interest.
Financial Disclosure: There is no person/organization 
that supports the study financially and the authors do not 
have any interest-based relationship
Author Contributions: Eskin F: Project, development, 
manuscript reviewing, data collection, editing and 
revising Şenel E: Project, development, data collection 
and analysis, writing, editing and revising

REFERENCES
1. Surah Al-Baqarah [2:183-193] - Al-Qur’an al-Kareem - نآرقلا 

//:Available from: https .[cited 2020 May 30] .[Internet] ميركلا
quran.com/2/183-93

2. Khan MH, Al-Lehebi R. Respiratory disease and Ramadan. 
Lancet Respir Med 2020; 8: 449–50.

3. Şenel E. Health and ancient beliefs: A scientometric analysis of 
health literature related to Shamanism, Paganism and Spirituality. 
J Relig Health 2019; 58: 2019–35.

4. GunnMap. GunnMap 2 [Internet]. [cited 2020 Jan 10]. Available 
from: http://lert.co.nz/map/

5. Vosviewer. VOSviewer - Visualizing scientific landscapes 
[Internet]. [cited 2020 Jan 10]. Available from: https://www.
vosviewer.com/

6. Fedail SS, Murphy D, Salih SY, Bolton CH, Harvey RF. Changes 
in certain blood constituents during Ramadan. Am J Clin Nutr 
1982; 36: 350–3.

7. Almond D, Mazumder B. Health capital and the prenatal 
environment: The effect of Ramadan observance during 
pregnancy. Am Econ J Appl Econ 2011; 3: 56–85.

8. Hood WW, Wilson CS. The literature of bibliometrics, 
scientometrics, and informetrics. Scientometrics 2001; 52: 291–
314.

9. Pritchard A. Statistical bibliography or bibliometrics? J Doc 1969; 
25: 348–9.

10. Beshyah WS, Beshyah SA. Bibliometric analysis of the literature 
on Ramadan fasting and diabetes in the past three decades 
(1989–2018). Diabetes Res Clin Pract 2019; 151: 313–22.

11. Husain S, Zafar M, Ullah R. Ramadan and public health: A 
bibliometric analysis of top cited articles from 2004 to 2019. J 
Infect Public Health 2020; 13: 275–80.

12. Kendall S. LibGuides: PubMed, Web of Science, or Google 
Scholar? A behind-the-scenes guide for life scientists. : Which 
one is best: PubMed, Web of Science, or Google Scholar? 
[Internet]. [cited 2020 Mar 15]. Available from: https://libguides.
lib.msu.edu/c.php?g=96972&p=627295

13. Trusted publisher-independent citation database - Web of Science 
Group [Internet]. [cited 2020 May 29]. Available from: https://
clarivate.com/webofsciencegroup/solutions/web-of-science/



ANATOLIAN 
CURRENT MEDICAL Anatolian Curr Med J 2022; 4(3); 227-233

Original Article

This work is licensed under a Creative Commons Attribution 4.0 International License.

DOI: 10.38053/acmj.1065354

Received: 30.01.2022 Accepted: 03.04.2022Corresponding Author: Deniz Çelik, drdenizcelik@hotmail.com

Loss of smell in COVID-19 patients: is it related to clinical-
radiological disease severity?

Hüsnü Baykal1, Deniz Çelik2, Sertan Bulut1, Hasret Gizem Kurt1, Ayşe Füsun Ülger1

1Health Sciences University Atatürk Chest Diseases and Thoracic Surgery Education and Research Hospital, Pulmonary Intensive Care Unit, 
Ankara, Turkey
2Alanya Alaaddin Keykubat University, Medical faculty, Department of Pulmonology, Antalya, Turkey

Cite this article as: Baykal H, Çelik D, Bulut S, Kurt HG, Ülger AF. Loss of smell in COVID-19 patients: is it related to clinical-radiological 
disease severity? Anatolian Curr Med J 2022; 4(3); 227-233.

ABSTRACT
Objective: Olfactory dysfunction (OD) is one of the most prominent predictive symptoms in the early detection of severe acute 
respiratory syndrome coronavirus-2 (SARS-CoV-2) disease (COVID-19), it may be the first symptom or accompany other 
symptoms. The predictive value of OD is unknown in terms of the overall prognosis of COVID-19. We aimed to investigate the 
relationship between OD and the clinical-radiological severity of the disease. 
Material and Method: Data of 208 COVID-19 patients (105 inpatients and 103 outpatients) who had positive Real-Time 
Polymerase Chain Reaction (PCR) tests between December 1, 2020, and January 15, 2021, were collected retrospectively. 
Presence of OD, symptoms on admission other than OD, days of hospital stay, peripheral blood analysis values, COVID-19 
disease severity [World Health Organization (WHO) 2020 “Clinical management of COVID-19”] and radiologic classifications 
[Radiological Society of North America Expert Consensus Statement on Reporting (RSNA) Chest CT Findings Related to 
COVID-19] were retrospectively collected.
Results: Analysis of 208 patients revealed that there were 105 (50.48%) inpatients and 103 (49.52%) outpatients. Among 102 
patients who had OD, 68 were outpatients and 34 were inpatients. It was determined that the patients with OD were mostly 
followed up on an outpatient basis, and they did not need hospitalization (p<0.0001). The mean of hospital stay of 34 inpatients 
with OD was 7.52±4.63 days, while the mean of hospital stay of 71 patients without OD was 12.53±8.92 days, and those with 
OD were found to need a shorter hospital stay (p=0.001) and no relation was found between disease severity and the duration 
of OD (p=0.381). There was no significant difference in disease severity in relation to OD in the inpatient group (p=0.71).
Conclusion: OD is one of the most common symptoms of COVID-19. In the patients with loss of smell, the need for 
hospitalization is less, and hospital stay is shorter; these findings indicate that the patients with OD may experience a milder 
disease. The presence of OD may be used as a useful predictor by clinicians for the severity of the COVID-19 course. 

Keywords: COVID-19, loss of smell, disease severity 
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INTRODUCTION
Studies have indicated that several viruses can use the 
olfactory nerve as the shortest route to the CNS and 
reported that post-viral anosmia may be the result of 
epithelial damage and involvement of the central nervous 
system, but the exact pathogenesis is uncertain (1). 

COVID-19 is an ongoing viral pandemic that can 
lead to respiratory infections ranging from mild 
upper respiratory tract infections to fatal pneumonia 
(2,3). Fever, cough, diarrhea, shortness of breath, and 
myalgia have been identified as the most common and 

characteristic symptoms of COVID-19, and loss of smell 
and taste has recently been reported as frequent symptoms 
by many researchers (4). In February 2020, Mao et al. 
were the first authors who reported incipient olfactory 
or taste dysfunction as the symptoms of COVID-19 in 
addition to the known symptoms of the infection (5). 

In our study, the relationship of the loss of smell with 
the clinical and radiological severity was investigated in 
COVID-19 patients.

https://orcid.org/0000-0003-3981-1786
https://orcid.org/0000-0003-4634-205X
https://orcid.org/0000-0003-1267-3440
https://orcid.org/0000-0001-5504-122X
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MATERIAL AND METHOD 
This study was designed to obtain data cross-sectional 
and retrospectively. Institutional Education Board 
reviewed and approved the protocol of this retrospective 
study (Approval date December 24, 2020; Decree no:706). 
Also, the ethics committee approval for this study was 
obtained by Health Science University Ankara Keçiören 
Education and Training Hospital Clinical Researches 
Ethics Committee (Date: 28/12/2021, Decision No: 
2012-KAEK-15/2439). All procedures were carried out 
in accordance with the ethical rules and the principles of 
the Declaration of Helsinki.

Demographic, clinical, and radiological data of 208 
PCR (+) COVID-19 patients (105 inpatients and 103 
outpatients) between December 1, 2020, and January 15, 
2021, were collected retrospectively. The OD was noted. 
The patients with loss of smell were contacted later by 
phone, to obtain information. Those who previously had 
olfactory problems were excluded from the study. 

The laboratory results were recorded, and COVID-19 
clinical severity was grouped as mild, moderate, severe, 
or critical according to the WHO 2020 guideline (Clinical 
management of COVID-19). Radiographic classification 
on HRCT and CXR grading of lung involvement were 
recorded according to RSNA Chest CT/ CXR Findings 
Related to COVID-19. 

Statistical analysis: Categorical data were analyzed with 
the Chi-square test, and expressed as total number and 
percentage. Kolmogorov-Smirnov or Shapiro-Wilk 
test, coefficient of variation, skewness-kurtosis values, 
histogram, and detrended plot graphs were examined 
for the distribution of all continuous variables. Normally 
distributed variables were analyzed with the Student 
t-test or ANOVA, and non-normally distributed 
variables were analyzed with Mann-Whitney U and 
Kruskal-Wallis tests and presented as mean±SD and 
median (min-max), respectively. The relationship of 
hospitalization with other categorical data was analyzed 
with the Chi-square test. SPSS (Statistical Package for the 
Social Sciences) statistical software program (version 22) 
was used for statistical analysis. The significance level was 
set at p≤0.05. 

RESULTS
A total of 208 PCR (+) COVID-19 patients were analyzed. 
The mean age (SD) was 52.3±14.8 years, 62% of them were 
males. There was a loss of smell in 59.5% of women and 
42.6% of men. It was found that loss of smell was more 
pronounced in females (p<0.018). 

Loss of smell was observed in 49% of all patients, 32% 
of inpatients, and 66% of outpatients, and there was a 

significant difference among the groups (p<0.0001). Loss 
of smell was the first symptom in 6.3% of all patients, and 
the difference between inpatients (4.8%) and outpatients 
(7.8%) was not significant (p=0.37) (Table 1).

Table 1. The demographic and clinical characteristics of the 
patients

Total
(n=208)
(100%)

Inpatients
(n=105)
(50.48%)

Outpatients
(n=103)
(49.52%)

p-value

Age, mean±SD 52.32±14.84 59.23±14.06 45.27±12.07 p<0.0001
Gender p=0.163

Male 129 (62%) 70 (66.7%) 59 (57.3%)
Female 79 (38%) 35 (33.3%) 44 (42.7%)

Smoking p=0.001
Never 122(58.7%) 58 (55.2%) 64 (62.1%)
Ex-smoker 53 (25.5 %) 37 (35.2%) 16 (15.5%)
Current 33 (15.9%) 10 (9.5%) 23 (22.3%)

Loss of smell p<0.0001
Present 102 (49 %) 34 (32.4%) 68 (66%)
Absent 106 (51%) 71 (67.6%) 35 (34%)

The first symptom is loss of smell p=0.371
Yes 13 (6.3%) 5 (4.8%) 8 (7.8%)
No 195 (93.7%) 100 (95.2%) 95 (92.2%)

Loss of smell in the first 5 days p<0.0001
Yes 83 (39.9%) 27 (25.7%) 56 (54.4%)
No 125 (60.1%) 78 (74.3%) 47 (45.6%)

Fever p<0.0001
Present 112 (53.8%) 71 (67.6%) 41 (39.8%)
Absent 96 (46.2%) 34 (32.4%) 62 (60.2%)

Cough p=0.001
Present 90 (43.3%) 57 (54.3%) 33 (32%)
Absent 118 (56.7%) 48 (45.7%) 70 (68%)

Dyspnea p<0.0001
Present 64 (30.8%) 52 (49.5%) 12 (11.7%)
Absent 144 (69.2%) 53 (50.5%) 91 (88.3%)

Throat ache p=0.013
Present 42 (20.2%) 14 (13.3%) 28 (27.2%)
Absent 166 (79.8%) 91 (96.7%) 75 (72.8%)

Headache p=0.237
Present 55 (26.4%) 24 (22.9%) 31 (30.1%)
Absent 153 (73.6%) 81 (77.1%) 72 (69.9%)

Myalgia p=0.809
Present 145 (69.7%) 74 (70.5%) 71 (68.9%)
Absent 63 (30.3%) 31 (29.5%) 32 (31.1%)

Diarrhea p=0.798
Present 29 (13.9%) 14 (13.3%) 15 (14.6%)
Absent 179 (86.1%) 91 (86.7%) 88 (85.4%)

Malaise p=0.212
Present 126 (60.6%) 68 (64.8%) 58 (56.3%)
Absent 82 (39.4%) 37 (35.2%) 45 (43.7%)

Nausea p=0.049
Present 13 (6.3%) 10 (9.5%) 3 (2.9%)
Absent 195 (93.8%) 95 (90.5%) 100 (97.1%)

Regarding COVID-19 severity; 32% of all patients had 
mild disease, and outpatients (63.1%) had a milder 
disease compared to inpatients (1.9%) (p<0.0001). 
None of the outpatients had severe or critical diseases 
(Table 2).
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CXR was normal in 54.4% of outpatients and 15.2% 
of inpatients. Moderate and severe pneumonia 
(41% and 19%, respectively) were significantly more 
in hospitalized patients (p<0.0001). 43.7% of the 
outpatients and 5.7% of the hospitalized patients did 
not need further imaging with thorax CT. The typical 
radiological appearance of COVID-19 on thorax CT 
(GGO) was evident in 47.1 of all patients, 72.4% of 
inpatients, and 21.4% of outpatients, and the difference 
was significant (p<0.0001) (Table 2).

Table 2. The comparisons of the disease severity, CXR / HRCT 
radiological findings

Total
(n=208)
(100%)

Inpatients
(n=105) 
(50.48%)

Outpatients
(n=103) 
(49.52%)

p-value 

Clinical stage p<0.0001 
 Asymptomatic 0 0 0
 Mild 67 (32.2%) 2 (1.9%) 65 (63.1%)
 Moderate 93 (44.7%) 55 (52.4%) 38 (36.9%)
 Severe 22 (13.9%) 29 (27.6%) 0 (0%)
 Critical 19 (9.1%) 19 (18.1%) 0 (0%)

CXR findings p<0.001
 Normal 72 (34.6%) 16 (15.2%) 56 (54.4%)
 Mild 
pneumonia 57 (27.4%) 26 (24.8%) 31 (30.1%)

 Moderate 
pneumonia 59 (28.4%) 43 (41%) 16 (15.5%)

 Severe 
pneumonia 20 (9.6%) 20 ( 19%) 0 (0%)

Thorax HRCT findings p<0.001
 Typical 98 (47.1%) 76 (72.4%) 22 (21.4%)
 Indeterminate 9 (4.3%) 5 (4.8%) 4 (3.9%)
 Atypical 16 (7.7%) 8 (7.6%) 8 (7.8%)
 Negative 34 (16.3%) 10 (9.5%) 24 (23.3%)
 HRCT not 
available 51 (24.5%) 6 (5.7%) 45 (43.7%)

Comparisons of the groups that patients who had a loss 
of smell within the first 5 days after onset of the disease 
and after 5 days did not yield any differences between 
the groups in terms of disease severity (mild/moderate/
severe/critical) classification and CXR pneumonia 
findings (normal/mild/moderate/severe) (not presented 
in the table) (p=0.513 and p=0.512; respectively). The 
analysis of disease severity between the hospitalized 
patients with OD (n=34) and those without OD (n=71) 
revealed that there was no significant difference between 
them (p=0.071).

The laboratory findings are presented in Table 3. 
D-dimer, ferritin, CRP, LDH, BUN, and AST levels 
were higher in hospitalized patients in which OD was 
observed at a lower rate (p<0.0001). 

DISCUSSION
Many underlying disorders may result in OD. The 
most common causes are sinonasal disorders, 
upper respiratory tract infections, and head trauma. 
Inflammation, sinusitis, rhinitis, nasal polyps, and 
mucus may obstruct the nasal airway and block the 
olfactory area in the nose and are the most common 
causes of OD (50-70%) (6,7). 

Coronaviruses have been identified as a family of 
viruses that may be associated with OD. Suzuki et al. 
showed coronaviruses in the nasal secretions of patients 
with OD. The authors demonstrated the virus antigen 
60-66 hours after infection, and the viruses were mostly 
detected in the olfactory bulb, the pathophysiological 
mechanisms leading to OD in COVID-19 are still 
unknown (8,9). 

Table 3. The comparison of laboratory findings between two groups
Total (n=208)

(100%) Mean±SD
Inpatients (n=105)
(50.48%) Mean±SD

Outpatients (n=103)
(49.52%) Mean±SD p-value 

WBC ×103/mm3 7.38 +3.37 8.15 ±3.94 6.59±2.46 p=0.001
Neutrophil ×103/mm3 5.31±3.10 6.39±3.57 4.20 ±2.03 p<0.0001
Lymphocyte ×103/mm3 1.55±1.04 1.29 ±1.04 1.82±0.98 p<0.0001
NLR 5.12±5.80 7.27 ±7.12 2.93 ±2.67 p<0.0001
Eosinophil ×103/mm3 0.056 ±0.073 0.029±0.054 0.085±0.079 p<0.0001
Hemoglobin g/dl 13.84 ±2.04 13.63±1.63 14.05±2.37 p=0.131
Trombocyte ×103/mm3 249.85±96.16 258.63±115.94 240.89±69.98 p=0.184
D-dimer mg/L 1.01±3.02 1.53±4.17 0.47±0.46 p=0.011
CRP mg/L 47.02±65.74 81.91±74.93 11.46±22.69 p<0.0001
Troponin ng/L 4.12±11.65 5.32±15.84 2.89±4.04 p=0.133
Ferritin ng/ml 260.60±335.77 416.24±407.87 101.93±93.91 p<0.0001
LDH IU/L 257.89±133.74 316.23±161.17 197.80±51.62 p<0.0001
Albumin g/L 37.65±7.24 33.41±7.02 41.98±4.33 p<0.0001
BUN mg/dL 16.13±7.66 19.71±8.76 12.48±3.76 p<0.0001
ALT IU/L 31.93±27.31 35.20±31.71 28.61±21.59 p=0.082
AST IU/L 33.05±32.36 39.25±42.39 26.72±14.58 p=0.005
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Studies have reported that OD affected women 
significantly more (10). In our study, loss of smell was 
found in 59.5% of women and 42.6% of men, and it was 
determined that women were affected more in terms of 
OD (p<0.018). This finding was in line with previous 
studies. In addition, in the inpatient group, the rate of 
hospitalization of women (33.3%) was lower than that of 
men (p<0.05). 

It was observed that the patients who did not need 
hospitalization were younger than the hospitalized 
patients (p<0.05). Loss of smell was observed in 32.4% 
of inpatients and 66% of outpatients, and the outpatients 
were younger. These results were consistent with the 
results of previous studies (11,12). 

The prevalence of loss of smell was found to be higher 
in outpatients, however when all patients were taken 
into consideration, the rate was similar to the rate in 
Klopfenstein et al.’s study (47%) (13) but lower than the 
rates reported by Mao et al. and Lechien et al. (5,14). 

Loss of smell appeared as the first symptom in 6.3% 
of our patients, and this rate was lower than the rate 
reported by Lechien et al. (11.8%) (14). A comparison of 
inpatients and outpatients for loss of smell did not yield 
any statistically significant difference. In our study, the 
median duration of loss of smell was found as 10 (1-60) 
days, which was similar to Klopfenstein et al.’s (13). study 
(8.9±6.3 [1–21]).

Similar to previous reports (15), 39% of our patients 
had a loss of smell in the early phase of COVID-19 (first 
5 days), and the difference between outpatients and 
inpatients was statistically significant (54.4%vs. 25.7%) 
(p<0.0001).

Fever (53.8%), malaise (60.6%), and myalgia(69.7%) 
were the most frequent symptoms in our patients, similar 
to previous studies (16,17). Compared to outpatients, 
fever (67.6%), cough (54.3%) and dyspnea (49.9%) were 
significantly more frequent in our hospitalized patients 
(p<0.0001); other symptoms were not significantly 
different in the inpatient and outpatient groups.

COVID-19 severity (mild, moderate, severe, critical) 
was determined according to the WHO 2020 “Clinical 
management of COVID-19” algorithm. It was found that 
32% of our whole patient population had mild disease, and 
63.1% of our outpatients had milder disease compared to 
inpatients. Severe disease was seen in 13.9%, and critical 
disease was seen in 9.1% of our patients. Most of the cases 
were classified as mild (81%) in similar studies (severe 
patients 14%, critically ill patients 5%) (18). 

In a study, it was reported that 58.3% of the patients 
had normal chest X-rays (19). In our study, CXR was 
evaluated as normal in 54.4% of outpatients, and 15.2% 

of inpatients. In addition, it was observed that clinicians 
did not request thoracic CT in 43.7% of outpatients (5.7% 
for inpatients). In the outpatient group who had a high 
rate of loss of smell, further imaging was not needed as 
the disease was mild and the CXR findings were normal 
or displayed mild pneumonia.

Typical ground-glass opacities (GGO) on thorax CT have 
been reported as the most frequent finding of COVID-19 
by many authors. In our study, a typical GGO pattern 
was observed in 72.4% of the inpatient group, and in 
21.4% of the outpatient group who had a loss of smell 
more frequently, with a significant difference in between 
(p=0.001).

Similar to other viral infections, lymphopenia is observed 
in COVID-19 patients (20). Some studies suggested that 
lymphopenia could be used as a prognostic factor for 
COVID-19. Zhao et al (21). showed that lymphopenia 
increased the risk of severe COVID-19 nearly threefold. 
Lower lymphocyte counts were reported in patients’ 
central nervous system (CNS) symptoms compared to 
the ones without CNS symptoms, and the patients with 
severe infections had higher D-dimer levels compared 
to the ones with non-severe infections (22). Zhang 
et al. observed a relation between eosinopenia and 
lymphopenia in the prognosis of severe COVID-19 
patients (23). 

In our study, lymphocyte and eosinophil values were 
lower than outpatients in hospitalized patients who had 
a low rate of OD and high disease severity (p=0.0001). 
Neutrophil to lymphocyte ratio (NLR) is of great 
importance in showing the general inflammatory 
status (24), and studies showed higher NLR in severe 
COVID-19 patients (25). 

In our study, WBC, neutrophil, and NLR values were 
higher in the inpatient group with a low rate of OD but with 
more severe disease and signs of pneumonia (p=0.0001). 
As a result that is not compatible with the existing studies 
in the literature; In our study, no significant difference 
was found between inpatient and outpatient groups in 
terms of Hb (p=0.131) and thrombocyte (p=0.184) levels 
(26,27). 

High D-dimer level is a very frequent laboratory 
finding in COVID-19 patients. Guan et al. studied 
1099 hospitalized COVID-19 patients and found high 
D-dimer (≥0.5 mg/L) as an indicator of severe disease. 
Tang et al. reported D-dimer as a predictor of mortality. 
Based on these findings, D-dimer has become a reliable 
indicator of prognosis, hospital mortality, and need for 
ICU care (17,28). In our study, the D-dimer level was 
approximately 3 times higher than the outpatients in the 
inpatient group with high disease severity.
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Among biochemical markers, CRP, ferritin, 
procalcitonin, and LDH were shown to predict a poor 
prognosis. Ruan et al. reported a significant increase in 
CRP and serum ferritin levels (29). Similar to previous 
studies, we found CRP levels 7 times higher in the 
inpatient group with high disease severity compared to 
the outpatients (p<0.0001).

LDH (p<0.0001), ferritin (p<0.0001), BUN (p<0.0001), 
and AST (p=0.005) were significantly higher in the 
hospitalized patients compared to the outpatients. 
Albumin was lower in the hospitalized patients 
compared to the outpatients (p<0.0001), and this 
finding was consistent with the literature (29,30). There 
was no significant difference in troponin or ALT levels, 
and this was not in accordance with the literature 
(31,32). 

Limitations: We did not employ tests of olfaction since 
this is a retrospective study, and the data were collected 
from the hospital’s electronic recording system. In 
addition, information about the duration of OD is 
subject to recall bias.

CONCLUSION
In patients with loss of smell, the severity of COVID-19 
disease is milder, CXR is often evaluated as normal, and 
further examinations such as thorax CT are less needed. 
Laboratory values, which have prognostic importance 
in the COVID-19 disease process, show parallelism with 
the severity of the disease (low lymphocyte, eosinophil 
values, high CRP, D-dimer values) in patients with 
low olfactory loss symptoms. Loss of smell is one of 
the primary symptoms to be questioned in COVID-19 
patients. The presence of olfactory loss may assist the 
clinician in predicting prognosis based on symptoms.
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ABSTRACT
Background: Subclinical hypothyroidism (SCH) is a term to define a mild and early thyroid deficiency. Some reports claim SCH 
has an association with increased cardiovascular disease (CVD), especially in individuals <70 years old. Mean platelet volume 
(MPV) is thought to be an independent marker for CVD.  Dyslipidemia is also a common entity in thyroid related disorders and 
a tradational biomarker of increased risk of CVD. This study aims to reveal the MPV levels in SCH and to discuss its relation to 
lipid profile.
Material and Method: This retrospective single-center study was conducted between 2009 March and August. 94 newly diagnosed 
patients with SCH and 79 controller were enrolled in the study.  Patients with normal serum levels of free T3 and T4 and >4 mIU/L 
TSH levels were labelled for SCH group. Both groups were evaluated for MPV, lipid profiles and epidemiological features.
Results: SCH group had higher levels of MPV, total cholesterol (TC) and LDL cholesterol (LDL-C) levels (P<0.05, for 
each parameter). MPV had a positive correlation to TC and LDL-C (r=0,175 ve p=0,025; r=0,154 and p=0,043). However, a 
multivariate analysis that rendered the impact of age and gender revealed that SCH had no impact on MPV after adjustment for 
those parameters gender revealed that SCH had no impact on MPV after adjustment for those parameters (B=0,304; 95% CI: 
-0,021 – 0,628; p=0,066).
Conclusion: SCH patients may have higher levels of MPV. However, age and gender had an impact on MPV levels and we think 
increased CVD risk in SCH patients is associated with factors other than MPV levels.
Keywords: MPV, lipids, subclinical hypothyroidism
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INTRODUCTION
Subclinical hypothyroidism (SCH) refers to an elevated 
serum thyrotropin (or as commonly known, thyroid 
stimulating hormone [TSH]) accompanying with 
normal levels of free thyroxine (fT4). SCH effects 3% to 
8% of the general population in the world while some 
regions are more incident (1,2). A common approach 
for the treatment of SCH involves to treat individuals 
with TSH >10 mU/L or elevated TSH accompanying 
with symptoms that thought to be related with 
hypothyroidism (2).

SCH may have some adverse impact on blood 
pressure, lipid levels, and atherosclerosis which all 
are the traditional strong risk factors for the future 
cardiovascular disease (CVD) or events. So it is logical 
to think on whether the SCH is a modifiable factors 
for CVD (3-6). Since it has been shown dyslipidemia 

reversed in overt hypothyroidism patients following 
levothyroxyine therapy (6,7), it is a key question 
whether to treat SCH may provide some benefits in 
those patients.

Mean platelet volume (MPV) is one of predictor 
parameters of platelet function which has been linked 
to cardiovascular disease (8-9). Some studies claim SCH 
is associated with higher MPV levels (9).  In contrast, 
others have not indicated an association between those 
two parameters in their studies with diverse cohorts 
(10-12). However all studies are designed on completely 
various protocols and many factors may have effect on 
results. 

We aimed to test whether SCH is associated with MPV 
and MPV levels is related to lipid levels in our cohort to 
contribute the data pool of the existing literature.

https://orcid.org/0000-0003-4600-1503
https://orcid.org/0000-0003-2491-4926
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MATERIAL AND METHOD
This single-center retrospective study was conducted 
between March and August 2009 in Yıldırım 
Beyazid University Dışkapı Education and Training 
Hospital. Ninety-four individuals with subclinical 
hypothyroidism and seventy-nine healthy individuals 
(laboratory findings were normal and with a disease-
free history) were enrolled in the study. Laboratory and 
clinical features of the participants were noted.

• SCH was defined as; serum TSH levels >4 mIU/L plus 
normal serum fT3 and fT4. 

• Groups: Group 1; SCH and Group 2; healthy 
individuals

• Exclusion: Existence of those clinical features; overt 
hypo-hyperthyroidism or being under a treatment for a 
known thyroid disease, diabetes mellitus, long-standing 
hypertension, coronary artery disease, dyslipidemia 
or being under lipid-lowering therapy, hematological 
disease, chronic kidney disease and all other conditions 
that indicates an acute systemic disease.

• Comparision parameters: serum TSH, fT4, fT3, 
MPV, total cholesterol, low-density lipoprotein 
cholesterol (LDL-c), high-density cholesterol 
(HDL-c), fibrinogen, high sensitive c-reactive protein 
(hsCRP), fasting glucose,  platelet counts, hemoglobin 
and hemotocrit. 

• Blood sampling: All blood samples were drawn 
between 08:00 and 10:00 at morning and all samples 
were studied in the central laboratory of the hospital 
at the admission day.   

• Data collection: Data were collected via central 
hospital automation software, noted by a authorised 
doctor, and all individuals were queried again for 
exclusion criteria by phone calls.

This study was produced from the specialization thesis.
The study was carried out with the permission of Health 
Ministry of Turkish Republic Dışkapı Yıldırım Beyazıt 
Training and Research Hospital Ethical Commitee  
(Date: 13.12.2021, Decision No:126/03). All procedures 
were carried out in accordance with the ethical rules and 
the principles of the Declaration of Helsinki.

Statistical Assessment
Dataset were analysed via using Statistical Package for the 
Social Sciences (S.P.S.S.) version 11.5 (IBM SPSS Corp. 
NY, USA). Normality of the parameters was assessed by 
performing the Kolmogorov-Smirnov test. Continuous 
parametric variables were presented as mean ± standard 
deviation and non-parametric variables as median with 
maximum and minimum levels. Categorical variables 
were expressed as percentiles (%), and qualitative measures 
were evaluated by using Chi-Square test. Continuous 

parametric and non-parametric variables were compared 
by independent Sample T test and Mann-Whitney U-test, 
respectively. Multivariate analysis were performed to 
describe the factors might have impact on MPV levels. 
A correlation between continuous parametric and non-
parametric variables were analysed via Spearmen’s and 
Pearson’s correlation tests, respectively. P value <.05 was 
indicated as statistically significant. The power analysis of 
the data was calculated from the observed power of the 
parameters by considering Type b error (<0.2). 

RESULTS
A total of 173 individuals were evaluated. Group 1 was 
older (41.9±14.9 vs 30.1±9.3) and included more female 
(female= 144 and male= 29) individuals compared to 
Group 2; p <0.001 and p= 0.019, respectively. Laboratory 
features of both two groups were given in Table 1.

Table 1. Comparison of the laboratory findings of the two groups
Variables Group 1, n= 94 Group 2, n= 79 P value
Hgb, gr/dl 13.5±1.39 13.8±1.43 0.146
HTC, % 39.4±3.72 39.8±4.06 0.432
PLT, µg/L 275 (140-552) 248 (118-443) <0.001
MPV,fl 8.5 (6.2-11.0) 8.1 (6.1-11.4) 0.004
Glucose, mg/d 92 (72-120) 81 (58-138) <0.001
TSH, mIU/L 5.8 (4.1-30.1) 1.6 (0.3-3.9) <0.001
fT4, ng/dl 1.2 (0.3-4.97) 1.3 (0.99-1.8) <0.001
fT3, pg/ml 3.3 (1.6-55.0) 1.27 (1.02-1.93) 0.065
TC, mg/dL 190.5 (110-298) 162 (99-260) <0.001
TG, mg/dL 122 (46-376) 98 (39-430) 0.041
LDL-c, mg/dL 115.1±36.39 94.6±31.80 <0.001
HDL-c, mg/dL 45.5 (25-91) 49 (5-84) 0.052
Fibrinogen, mg/dl 341.5 (184-910) 240 (120-370) <0.001
Hgb: hemoglobin, Htc: hematocrit, Plt: platelet, MPV: mean platelet volüme, TSH: 
thyroid stimulanting hormone, fT4: free T4, fT3: free T3

Pearsons’ correlation test revealed a positive correlation 
between MPV and TSH (p<0.001, r2= 0.079) (Figure 1). 
Then after we divided Group 1 according to TSH levels 
into three subgroups to determine whether higher levels 
of TSH are associated with higher levels of MPV (TSH 
>4 and <6 mIU/L, TSH ≥6 and <10 mIU/L, and TSH 
≥10 mIU/L) (Table 2). However, those three groups were 
found similar for MPV in Anova test; p=0.898.  Age was 
similar among three subgroups; p=0.078. 

Table 2. Comparison of MPV, fibrinojen, TG, TC, LDL-c, and 
HDL-c in subgroups of SCH

Variables TSH >4 and 
<6 mIU/L 

≥6 and <10 
mIU/L ≥10 mIU/L p

Age, years 39.2±12.1 42.1±16.7 40.1±13.1 0.872
MPV, fl 8.5±0.98 8.4±1.06 8.6±0.93 0.898
Fibrinogen, 
mg/dl 353 (189-804) 304.5 (184-910) 340.0 (253-866) 0.117

TG, mg/dl 122 (55-296) 135 (46-376) 120 (64-281) 0.613
TC, mg/dl 186 (110-298) 202.5 (136-284) 196 (113-298) 0.622
LDL-c, mg/dl 112.2±37.57 117.3±38.07 120.0±32.49 0.685
HDL-c, mg/dl 45 (29-91) 47 (30-68) 45 (25-60) 0.958
TSH: thyroid-stimulating hormone, TG: triglyceride, TC: total cholesterol, LDL-c: 
low-density lipoprotein cholesterol, HDL-c: high-density lipoprotein cholesterol
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Figure 1. Corellation between TSH and MPV

Univariate analysis did not reveal a relation between 
MPV and age, TG, and HDL-c in Group 1 (p>0.05). 
MPV has also posed a positive correlation with TC and 
HDL-c (r= 0.175 and p= 0.025; r= 0.154 and p= 0.043, 
respectively). 

A regression model was used to investigate the impact of 
SCH, age, TC, HDL-c and gender on MPV, and we found 
that SCH had no impact on MPV levels after adjustment 
(p= 0.06, B= 0.304, CI %95; -0.021 – 0.628) (Table 3) 
(however if CI would have been set up as 90%, p value could 
demonstrate a significant level,  or if the study had a larger 
sample size result would be significant since p=0.06 was 
close to p=0.05). On the other hand, when the same model 
was applied to fibrinogen in Group 1, it was observed that 
SCH and age remained to have an impact on fibrinogen 
(p<0.001, B=0,334; 95% CI; 0,236 – 0,431) (Table 4).

Table 3. Multivariate analysis of the factors impact on MPV

Variables Regresyon
Coefficient (B) p

%95 CI (B)
Lower Upper

SCH 0.304 0.066 -0.021 0.628
Age 0.0002 0.980 -0.014 0.014
Male -0.307 0.127 -0.701 0.088
TC 0.001 0.809 -0.007 0.009
TG 0.001 0.593 -0.002 0.003
HDL-c -0.0002 0.966 -0.009 0.008
SCH: subclinical hypothyroidism, TC: total cholesterol, TG: triglyceride, HDL-c: high-
density lipoprotein

Table 4. Multivariate analysis of the factors impact on fibrinogen

 Variables Regresyon
Coefficient (B) p

%95 CI (B)
Lower Upper

SCH 0.334 <0.001 0.236 0.431
Age 0.004 0.038 0.0003 0.009
Male -0.037 0.542 -0.155 0.082
TC -0.001 0.616 -0.003 0.002
TG -0.001 0.252 -0.001 0.0004
HDL-c -0.002 0.516 -0.006 0.003

DISCUSSION
Subclinical hypothyroidism has dysmetabolic effects 
such as dyslipidemia, increased blood pressure and 
glucose which are all traditional cardiovascular risk 
factors (13). MPV is the average size of platelets found 
in blood and is thought to be an marker of platelet 
activity which is relavent to atherothrombotic events 
(14,15). Overt hypo/hyperthyroidism have been found 
to associated with increased MPV, however, impact of 
SCH on MPV is doubtful. Our clinical trial indicates 
SCH has no impact on MPV and is also not related to 
lipid profiles. 

SCH is a common type of thyroid hormone disorder 
worldwide and has well-known dyscardiometabolic 
effects. Myocardial and vascular endothelial tissues are 
sensitive to changes in the concentrations of circulating 
thyroid hormones and adverse events may occur even in 
the case of SCH (16).  However, the mechanism involved 
in the pathogenesis of SCH-related cardiovascular 
adverse events is still speculative (16,17). Moreover, 
guidelines recommend to treat the SCH individuals 
with cardiovascular disease due to probable benefits of 
to treat and evidence of adverse events related to not 
treated patients (17).

Thyroid hormone receptor is expressed by hematopoietic 
stem cells and a low/high concentration of thyroid 
hormone is associated with clonogenecity and apoptosis 
of hematopoietic system (18,19). Plateles are enucleated 
cells and produced by megakaryocytes in bone marrow, 
have a lifespan of 7-10 days. MPV is determined during 
megakaryocytogenesis and influenced by many factors 
which play key role in thrombopoiesis, as well as 
thyroid hormone (20). Additionally, thyroid hormones 
are associated with increased platelet levels, however, 
the mechanism is unknown (21). MPV is thought to 
be an activity marker of platelets so it is plausible to 
establish the strategies to determine the factors might 
result in increase of MPV. Impact of SCH on MPV is 
controversial and our study also has not determined a 
relation between MPV and SCH. Nevertheless, in our 
cohort we found a positive correlation between TSH 
and MPV levels considered all individuals of the cohort. 
Then after we tried to find a hazard range for TSH which 
would determine a risk for increased MPV. However, 
we could not find such a link between two parameters.  
This might be due to some other factors that have effects 
on MPV. Platelet levels were found higher in SCH group 
in our study. 

SCH has been found associated with a higher level 
of blood glucose and dyslipidemia as expected, as 
demonstrated in previous studies. MPV levels have not 
had an association with lipid levels. 
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Our study has some limitations. Some factors which 
might have impact on MPV levels, such as smoking, 
blood pressure, body mass index, were not investigated 
due to the lack of data. Our cohort has a small sample 
size and only one hemogram and biochemical study 
results could have been evaluated. Despite all, we think 
our findings may contribute to the literature on the 
topic.  

CONCLUSION
Our study reveals SCH have no impact on MPV. SCH 
might be contributing to cardiovascular adverse events 
via various pathways other than MPV levels.
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ABSTRACT
Aim: It is critical to categorize the risk factors that could disclose the severity of COVID-19. This study aimed to determine the 
effects of arterial blood gases on hospital mortality by examining the results retrospectively measured at the first admission to 
the emergency department of cases diagnosed with COVID-19.
Material and Method: In this retrospective study, arterial blood gases of patients with COVID-19 were analyzed using 
univariate analysis to identify factors linked to 28-day all-cause in-hospital mortality. The patients were divided into two 
groups survivors and nonsurvivors.
Results: The study included 159 survivors and 33 nonsurvivors with COVID-19. Serum levels of lactate, D-dimer, troponin, 
and CRP were higher and serum levels of base excess, bicarbonate, and albumin to creatinine ratio were lower in nonsurvivor 
patients than in survivors. The highest AUC was found for lactate and base excess.
Conclusion: The arterial blood gases performed during the first admission to the emergency department are linked with 
disease severity and can be used to predict disease progression and mortality. Furthermore, patients with higher levels of 
lactate and lower levels of base excess and bicarbonate should be monitored closely and treated early.
Keywords: COVID-19, base excess, bicarbonate, lactate, mortality
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INTRODUCTION 

Coronavirus disease (COVID-19) is a viral infection that 
presents with severe pneumonia and spreads rapidly to 
many countries as a pandemic (1). The viral agent of the 
disease was identified as a new coronavirus (2019-nCoV, 
SARS-CoV-2) (2). COVID-19 has infected over 250 
million individuals and killed over 5 million of them (3). 
The symptoms of COVID-19 are fever, cough, dyspnea, 
myalgia, sore throat, and dyspnea (4). The clinical course 
of COVID-19 may differ between individuals. Especially 
in patients with comorbidities such as hypertension, 
diabetes, chronic obstructive pulmonary disease, deaths 
due to acute respiratory distress syndrome, septic 
shock, metabolic acidosis, disseminated intravascular 
coagulopathy and multiple organ failure may occur (5). 
One of the most delicate challenges in hospitals with a 
large number of patient admissions is evaluating critical 
patients. It is crucial to determine which people are at 
high risk of dying. It is critical to categorize the risk 
factors that could disclose the severity of COVID-19.

Although the gold-standard test in the diagnosis of the 
disease is polymerase chain reaction tests (PCR) performed 
with real-time reverse transcriptases, changes occur in 
biochemical tests such as urea, creatinine, CRP, ferritin, 
D-dimer, troponin, lymphocyte and neutrophil levels due 
to the inflammatory process caused by the virus (6,7). The 
biochemical tests used routinely provide clinicians with 
important data about COVID-19. Many studies have been 
conducted to date on the effect of biochemical parameters 
on mortality in COVID-19 patients, and some risk factors 
have been found, such as comorbid diseases, D-dimer, and 
troponin (8-12). However, the number of publications 
evaluating the effect of arterial blood gases such as lactate, 
base excess, and bicarbonate on mortality is very few and 
the clinical consequences of these results during the first 
admission remain unclear. We aimed to determine the 
effects of arterial blood gases and biochemical tests on 
hospital mortality by examining the results retrospectively 
measured at the first admission to the emergency 
department (ED) of cases diagnosed with COVID-19.
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MATERIAL AND METHOD
This study was reviewed and approved by the Human 
Research Ethical Board of Muğla Sıtkı Koçman University 
(Date: 24/03/2021, Decision No: 44). This study was 
performed in accordance with the ethical standards laid 
down in the 1964 Declaration of Helsinki and its later 
amendments. 

Study Design
This retrospective, observational study was designed to 
investigate the relationship between biochemical parameters 
and 28-day all-cause in-hospital mortality in adult patients 
with COVID-19 who were referred to the ED of Muğla 
Training and Research Hospital and hospitalized between 
March 2020 and February 2021. Diagnoses of COVID-19 
were made in accordance with WHO guidelines (13) and 
confirmed by real-time reverse transcriptase-PCR (RT-
PCR) assay. Patients were excluded from the study if they 
had a diagnosis of pregnancy, anemia, cancer, hematologic 
or rheumatologic diseases, readmissions, or were aged <18 
years. Demographic information, radiological reports, 
comorbidities, and laboratory results were obtained from 
the hospital information system and then correlated with 
clinical outcomes. 

Patient Evaluation
After being admitted to the ED, these patients were 
assessed by an emergency medicine physician as a standard 
procedure in our hospital. Routine biochemical tests, 
RT-PCR test, arterial blood gases, and chest computed 
tomography (CT) of the patients were requested. Patients 
who underwent a consultant’s evaluation were admitted 
based on the results of laboratory tests and CT scans. 
Patients were admitted to clinics or the intensive care 
unit (ICU) depending on the severity of COVID-19.

The radiological diagnosis of COVID-19 was recorded 
using the “CO-RADS classification,” a reporting system 
for COVID-19, which ranged from 1 (very unlikely) 
to 5 (very likely) (14). CO-RADS scores of 1–2 were 
defined as incompatible with COVID-19, a score of 3 
was suspicious for COVID-19, and scores of 4–5 were 
compatible with COVID-19.

Statistical analysis 
The Statistical Package for Social Sciences was used to 
analyze the data (Version 22.0, SPSS Inc., Chicago, IL). 
The Kolmogorov–Smirnov test was used to determine 
the normality of the quantitative data distribution. 
Nonparametric tests (such as the Mann–Whitney U–test 
and the Kruskal–Wallis test) were used on nonnormally 
distributed data, whereas parametric tests (such as the 
independent samples t-test and Tukey’s post hoc test) were 
used on normally distributed data. Summary statistics 
were expressed as the mean, standard deviation, or 

median (minimum-maximum). Statistical significance 
was determined for those differences with a p-value of 0.05 
or below. Receiver operating characteristic (ROC) curve 
analysis was used to assess diagnostic accuracy. The area 
under the ROC curve (AUC) was used to determine the 
accuracy of these tests. Higher AUC values indicate better 
test performance. A parameter with an AUC value equal 
to 1 discriminates individuals perfectly as survivors or 
nonsurvivors. The Kaplan–Meier test was used to compute 
the cumulative survival rate, and the log-rank test was 
used to examine differences in survival across the groups. 
The data were first analyzed using univariate analysis to 
identify factors linked to in-hospital mortality. Next, 
significant factors were employed in a stepwise forward 
logistic regression analysis. Additionally, sensitivity and 
specificity analyses for mortality were carried out.

RESULTS
After collecting the medical data, 192 consecutive patients 
presenting to the ED were selected for further study from a 
total of 291 records. The exclusions of patients were shown 
in the flowchart (Figure 1). The patients with COVID-19 
were divided into two groups who were discharged from 
the hospital (survivors, n=159) and died in the hospital in 
28-day (nonsurvivors, n=33). Nonsurvivors had a median 
survival time of 8 days (range, 1-28 days). Post hoc power 
calculations were applied, and the sample size was seen 
to provide 0.999 power and 1.007 effect size for lactate 
levels at an α error probability level of 0.05. The mean age 
of survivors was 55.4±17.5 (range 19-92 years), while the 
mean age of nonsurvivors was 70.2±13.9 (range 34-99 
years). There were age and gender differences between the 
groups. Nonsurvivors were predominantly male (64%; p 
<0.001) and older than the survivors (70.2 vs 55.4 years, 
p <0.001). The baseline characteristics of the patients are 
shown in Table 1. 

Hospitalized patients 
in database (n=291)

Excluded (n=99)
• pregnants (n=11)
• diagnosis of anemia (n=74)
• diagnosis of cancer (n=5)
• age <18 years (n=9)

Included in the study (n=192)
• survivors (n=159)
• non-survivors (n=33)

Figure 1. Flowchart of the study
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Table 1. Baseline characteristics of the groups according to in-
hospital mortality

Variables Survivors 
(n=159)

Non-
survivors 

(n=33)
p 

value

Age (years) 55.4±17.5 70.3±13.9 <0.001
Gender (Women/Men) 78/81 12/21 <0.001
Comorbid disease 52 (32.7%) 30 (90.9%) <0.001

Hypertension 26 (16.3%) 20 (60.6%) <0.001
Diabetes mellitus 24 (15.9%) 12 (36.3%) 0.007
Coronary artery disease 15 (9.4%) 7 (21.2%) 0.071
Chronic obstructive 
pulmonary disease 12 (7.5%) 10 (30.3%) 0.001

Chronic renal failure 2 (1.25%) 7 (21.2%) <0.001
CT findings

Incompatible with COVID-19 41 (25.7%) 1 (3.0%) <0.001
Suspicious for COVID-19 9 (6.8%) 0 (0.0%) <0.001
Compatible with COVID-19 109 (68.5%) 32 (96.9%) <0.001

Hospitalization
Ward 134 (84.3%) 1 (3%) <0.001
Intensive care unit 25 (15.7%) 32 (97%) <0.001

Biochemical parameters

White blood cell (×103/μL) 5.82 
(2.36, 25.27)

10.15 
(2.44, 23.36) <0.001

Lymphocyte (×103/μL) 1.34 
(0.22, 3.53)

0.61 
(0.12, 2.80) <0.001

Neutrophil (×103/μL) 3.59 
(1.00, 21.95)

8.37 
(1.91, 20.15) <0.001

CRP (mg/L) 50.43 
(0.60, 361.47)

108.27 
(1.57, 364.61) <0.001

D-Dimer (ng/mL) 880.77 
(42, 8651)

 2643.54 
(142, 8405) <0.001

Troponin (pg/mL) 9.67 
(3, 120)

52.82 
(3, 401) <0.001

Albumin (g/L) 40.74±5.05 31.83±7.58 <0.001

Creatinine (mg/dL) 0.96 
(0.48, 5.91)

1.92 
(0.36, 7.65) <0.001

Alb/Cr 43.80±13.93 29.76±16.84 <0.001
Blood gas parameters (arterial)

pH 7.41±0.07 7.39±0.11 0.616

Base excess (mmol/L) 1.74 
(-24.9, 10.6)

-4.32 
(-17.3, 4.7) 0.007

Bicarbonate (mmol/L) 27.3±3.8 24.1±6.7 0.003

Lactate (mmol/L) 1.2 
(0.4, 15.0)

1.6 
(0.5, 12.3) 0.012

Summary statistics are given as the mean ± standart deviation, median (interquartile 
ranges), and count (percentages). CRP: C reactive protein, Alb/Cr: albumin to 
creatinine ratio.

A total of 82 (42.7%) patients had comorbidities. 
The most prevalent comorbidities were hypertension 
(24.0%) and diabetes mellitus (18.8%). In addition, 
a history of hypertension, diabetes mellitus, chronic 
obstructive pulmonary disease, and chronic renal failure 
was associated with high mortality (p<0.001, p=0.007, 
p=0.001, and p<0.001, respectively). However, there was 
no statistically significant difference in the history of 
coronary artery disease. CT findings that were compatible 
with COVID-19 were observed in 141 (73.4%) patients. 
Fifty-seven patients (29.7%) were hospitalized in the ICU 
and 135 (70.3%) patients were followed in clinics. Thirty-
three patients (17.2%) died in the hospital during 28 days.

The levels of base excess and bicarbonate during the first 
admission to ED were significantly lower and lactate 
levels were higher in nonsurvivors compared with 
survivors (p=0.007, p=0.003, p=0.012, respectively). In 
terms of the laboratory results, there were statistically 
significant differences in CRP, D-dimer, troponin, and 
albumin to creatinine ratio between the groups (Table 1, 
all p-values <0.001). 

The areas under the ROC curves (AUCs) were 0.892, 0.842, 
0.793, 0.749, 0.741, 0.725, and 0.723 for lactate, base excess, 
bicarbonate, troponin, D-dimer, albumin to creatinine 
ratio, and CRP, respectively, for in-hospital mortality 
(Figure 2). The sensitivity, specificity, and accuracy rates 
for in-hospital mortality based on lactate of 2.0 mmol/L 
were 84.8%, 81.1%, and 81.7%, respectively (95% CI, AUC: 
0.892, p <0.001). The sensitivity, specificity, and accuracy 
rates for in-hospital mortality based on a base excess of 
0.1 mmol/L were 78.7%, 84.2%, and 83.3%, respectively 
(95% CI, AUC: 0.842, p <0.001). The sensitivity, specificity, 
and accuracy rates for in-hospital mortality based on 
bicarbonate of 20.0 mmol/L were 75.7%, 94.9%, and 
91.6%, respectively (95% CI, AUC: 0.793, p <0.001).

Figure 2. ROC curve for lactate (0.892), base excess (0.842), 
bicarbonate (0.793), troponin (0.749), D-dimer (0.741), albumin to 
creatinine ratio (0.725), and CRP (0.723)

A total of 33 patients died in hospital. Twenty-eight 
of these patients had a lactate level ≥ 2.0 mmol/L, 26 
patients had a base excess ≤ 0.1 mmol/L and 25 patients 
had a bicarbonate ≤ 20.0 mmol/L (Fisher’s exact test, all p 
values <0.001). Figure 3a, Figure 3b, and Figure 3c show 
the Kaplan–Meier survival curves for lactate, base excess, 
and bicarbonate according to these cutoff values. Patients 
with lactate levels above the cutoff value had significantly 
higher in-hospital mortality rates than those with levels 
below the cutoff value according to Kaplan–Meier curves 
(log-rank test=2.663; p <0.001). 
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Base excess, comorbid disease, lactate, bicarbonate, 
hypertension, D-dimer, troponin, CRP, Alb/Cr, and age 
were independent predictors of in-hospital mortality 
with odds ratios of 12.894, 11.705, 9.368, 7.394, 6.218, 
5.213, 4.234, 3.283, 1.149, and 1.048, respectively (Cox 
regression test, all p values <0.001; Table 2).

Table 2. Cox regression analysis for the prediction of in-hospital 
mortality
Variables Odds ratio 95% CI p value
Base excess 12.894 5.584-29.773 <0.001
Comorbid disease 11.705 4.112-33.322 <0.001
Lactate 9.368 4.219-20.802 <0.001
Bicarbonate 7.394 3.917-18.741 <0.001
Hypertension 6.218 3.087-12.524 <0.001
D-Dimer 5.213 2.590-10.493 <0.001
Troponin 4.234 2.105-8.516 <0.001
CRP 3.283 1.562-6.901 0.002
Alb/Cr 1.149 1.083-1.219 <0.001
Age 1.048 1.025-1.071 <0.001
CRP: C reactive protein, Alb/Cr: albumin to creatinine ratio

DISCUSSION
In this study, arterial blood gases and biochemical tests 
were evaluated as mortality risk factors in patients 
with COVID-19 during the first admission to the ED. 
The most significant finding of the study was that base 
excess, lactate, bicarbonate, hypertension, D-dimer, 
troponin, CRP, Alb/Cr, and age were independent 
mortality predictors in patients.

With respect to demographic factors such as age and 
sex, Dong et al. (15) divided patients with COVID-19 
into two groups, severe and mild, and found that severe 
cases were significantly older with a greater proportion 
of males. In our study, nonsurvivor patients were 
prevalently male and older than survivor patients which 
were consistent with findings in the literature that older 
men are more susceptible.

Comorbidities in patients with COVID-19 are another 
significant mortality predictor as described in previous 
meta-analysis studies (16,17). In a study by Guan et 
al. (18), the presence of any coexisting illness was 

more common among patients with severe disease 
than among those with the nonsevere disease. In our 
study, 82 (42.7%) of the patients had comorbidities, 
with hypertension (24.0%) being the most common. 
We observed that comorbidities were independent 
predictors of mortality similar to previous studies (OR: 
11.705, p<0.001). 

Arterial blood gases are reliable tests to evaluate 
mortality in COVID-19, as described in previous studies 
(19-22). In a study by Bruno et al. (19), a decreasing 
lactate concentration over time was inversely associated 
with ICU mortality. Another study by Dheir et al. (20) 
showed higher levels of pH and lactate in patients who 
died. Kieninger et al. (21) identified blood pH value, 
mean arterial pressure, base excess, troponin, and 
procalcitonin as highly significant prognostic factors of 
in-hospital mortality. However, no significant difference 
was found for other parameters expected to be relevant 
prognostic factors, such as high lactate levels. This 
conflicting result of lactate may be attributed to the low 
sample size of the study. Kunt et al. (22) studied a very 
large range of parameters in nonsurvivor patients. They 
found higher levels of lactate, D-dimer, fibrinogen, 
CRP, and troponin and lower levels of partial pressure 
of carbon dioxide, base excess, and bicarbonate in 
patients who died in the hospital. In our study, higher 
serum levels of lactate, D-dimer, troponin, and CRP and 
lower levels of base excess, bicarbonate, and albumin 
to creatinine ratio were associated with in-hospital 
mortality in accordance with the literature. Cox-
regression analysis represented higher odds ratios for 
base excess and lactate levels than those studies (odds 
ratios for BE: 12.894 and lactate: 9.368, respectively, 
p<0.001). 

Previous studies have demonstrated biochemical 
parameters as relevant prognostic factors in COVID-19 
(11,23,24). Bonetti et al. (24) found higher levels of 
CRP, D-dimer, and troponin in patients who died in the 
hospital and concluded that these parameters are highly 
predictive of in-hospital death and may be useful for 
guiding risk assessment and clinical decision-making. 
Pan et al. (11) also found that sex, SpO2, breath rate, 

Figure 3. Kaplan–Meier survival curve with (a) lactate ≥ 2 mmol/L, (b) base excess ≤ 0.1 mmol/L, and (c) bicarbonate ≤ 20 mmol/L
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diastolic pressure, neutrophils, lymphocytes, CRP, 
procalcitonin, lactate dehydrogenase, and D-dimer were 
significantly correlated with death events. In the current 
study, CRP, D-dimer, and troponin levels were found to 
be significantly higher in the nonsurvivor group than 
in the survivor group, in line with these findings. To 
the best of our knowledge, this is the first study to have 
evaluated the albumin to creatinine ratio in predicting 
COVID-19 mortality, and the results showed that lower 
levels of Alb/Cr were found in nonsurvivor patients. 
Renal and liver pathologies should have driven this 
decrease.

The main strength of this study was the well-designed 
comparison of biochemical parameters in patients 
with COVID-19 during the first admissions to the ED. 
However, there were some limitations to the study. 
Primarily, our study design was retrospective, single-
center, and had limited data. Second, this was a cross-
sectional study, which cannot describe the cause and 
effect relationship between laboratory parameters 
and clinical outcomes. Nevertheless, despite these 
limitations, this study can be considered valuable with 
respect to mortality predictors and the determination 
of cutoff values and odds ratios between arterial blood 
gases in a comparison of survivors and nonsurvivors.

CONCLUSION
Arterial blood gases performed during the first 
admission to the ED are linked with disease severity. 
Blood levels of base excess, lactate, and bicarbonate 
can be used to predict disease progression and 
mortality. Furthermore, patients with older age, male 
sex, hypertension, higher levels of lactate, D-dimer, 
troponin, CRP, and lower levels of base excess, 
bicarbonate, and albumin to creatinine ratio should be 
monitored closely and treated early. These parameters 
have the potential to give frontline clinicians better 
triage of COVID-19 patients in the ED. Overall, our 
findings can be useful in clinical practice and should be 
confirmed by large-scale studies.
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ABSTRACT
Aim: In this experimental study, it was aimed to examine the effects of rocuronium and sugammadex complex on cardiac muscle 
cells in rats histopathologically and biochemically. 
Matherial and Method: 32 adult Sprague-Dawley male rats were divided into four groups with 8 in each group. Group 1 consisted 
of animals that did not undergo surgical treatment. Group 2 received a volume equivalent to 16 mg/kg sugammadex with 0.9% 
intravenous saline. Group 3 received 16 mg/kg of intravenous sugammadex. Group 4, 1 mg/kg intravenous rocuronium and 
16 mg/kg intravenous sugammadex were administered to rats. After the procedure completed GSH and MDA level evaluated 
biochemically; and heart tissue evaluated histopathologically. 
Results: In group 4, connective tissue edema between muscle fibers was observed to be significantly increased, vessel dilatation 
and hemorrhagic areas were observed. Groups 3 and 4 were found to cause an increase in GSH level when compared to Groups 1 
and 2, and a decrease in MDA level in these two groups compared to the others. 
Conclusion: Although sugammadex and sugammadex-rocuronıum complex cause biochemical and histopathological effect on 
the heart tissue, there were no irreversible histopathologic changes and no significant biochemical difference found in this study.
Keywords: Sugammadex, rocuronium, cardiac muscle, histopathology, rat
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INTRODUCTION
Neuromuscular blockers are often used to facilitate 
endotracheal intubation and improve surgical comfort 
(1). Neuromuscular blockers (NMB) are divided into 
two groups as depolarizing and non-depolarizing. 
Rocuronium is a non-depolarizing neuromuscular 
blocking agent frequently used in clinical practice. To 
shorten the recovery period, to regain muscle functions 
and to avoid postoperative pulmonary complications; 
the neuromuscular blockade created by the NMB agent, 
needs to be reversed (2). Widely used anticholinesterase 
agents (including neostigmine) increase the amount of 
acetylcholine (Ach) at the neuromuscular junction, thereby 
eliminating the effect of NMB agents by competitive 
inhibition. Sugammadex, on the other hand, is a modified 
gamma-cyclodextrin molecule and terminates its effects 
by encapsulating steroid NMB agents (3).

Many studies conducted since 2008, when it was 
approved for use in Europe, have proven the efficacy and 
safety of sugammadex (4-7). According to the results of 
recent meta-analysis studies, sugammadex used after 
neuromuscular block provides faster recovery compared 
to neostigmine (4-6).

Since sugammadex provides rapid and safe recovery, 
its clinical use is increasing day by day. Although many 
studies have emphasized that sugammadex is effective 
and safe, some studies have revealed that it has potential 
risks (8).

In this experimental study, it was aimed to evaluate 
the effects of sugammadex on cardiac tissue in rats by 
histopathological and biochemical methods.

https://orcid.org/0000-0002-4890-758X        
https://orcid.org/0000-0002-4351-6256
https://orcid.org/0000-0001-9726-5846
https://orcid.org/0000-0001-7131-2317
https://orcid.org/0000-0003-0677-7606
https://orcid.org/0000-0002-6017-5836  


245

Doğukan et al. Cardiac effects of sugammadex and rocuroniumAnatolian Curr Med J 2022; 4(3); 244-248

MATERIAL AND METHOD
Ethical Statement
The study protocol and permissions were reviewed 
and approved by the Animal Experiments Local Ethics 
Committee of Adıyaman University Faculty of Medicine 
(Decision No: ADYU-HADYEK: 2018-11/2). All 
procedures were carried out in accordance with the ethical 
rules and the principles of the Declaration of Helsinki.

Animals and Experimental Design
A standard diet and water were given to Sprague-Dawley 
rats. The temperature and humidity of the environment 
were monitored daily and kept constant with 12-hour light-
dark cycles. The animals were divided into four groups:

Group 1: consisted of animals that did not undergo surgical 
treatment.

Group 2: Rats were administered 0.9% intravenous saline 
with a volume equivalent to 16 mg/kg sugammadex.

Group 3: Rats received 16 mg/kg intravenous sugammadex 
(Bridion®; Schering - Plow Corporation, Oss, The 
Netherlands).

Group 4: Rats were administered 1 mg/kg intravenous 
rocuronium (Esmeron®; Organon, Istanbul, Turkey) and 16 
mg/kg intravenous sugammadex (Bridion®; Schering ‐Plow 
Corporation, Oss, The Netherlands) three minutes later.

Sample size: Sample size was calculated based on MDA 
measurement in reference article with G-Power 3.1 program 
80% power and 95% confidence (9). Effect size was found 
1.45 and 8 rats were needed for each group. 32 Sprague-
Dawley rats was planned for 4 groups in this study.

All drugs were administered intravenously to the tail vein. 
After drug administration, the rats were followed up with 
ECG (electrocardiography) for 3 days. After the procedure. 
All animals were euthanized and the heart tissues of the rats 
were removed under anesthesia.

Histopathological Evaluation
When the experimental application procedures were 
completed, the heart tissue samples of the groups were taken 
and fixed in 10% formaldehyde solution for 1 week. After the 
fixation of the tissues was completed, routine histological 
tissue follow-up consisting of alcohol, xylene and paraplast 
chemicals was performed. Tissue samples were then made 
into paraffin blocks. Thin sections of 5 µm thickness 
were taken from paraffin blocks for histopathological 
examination. The prepared sections were deparaffinized 
using xylene. Stained with Hematoxylin-Eosin (H&E) and 
Masson triple staining method. The stained sections were 
examined with a Carl Zeiss brand Axiocam ERc5 model 
digital camera attached microscope and histopathologically 
evaluated. Histopathological changes were evaluated in 2 
groups as reversible and irreversible (10) (Table 1).

Table 1. Reversible-irreversible cell injury
Reversible cell injury Irreversible cell injury
Cell swelling Necrosis
Membrane blebs Fibrosis
Fatty changes Apoptosis

Biochemical Evaluation
The excised heart tissue samples were washed with saline 
at +4°C, stored in eppendorf tubes according to cold chain 
principles and at -70°C until analysis. In tissue samples, 
homogenates were cold prepared with a 0.15 M KCl (10%, 
w/v) homogenizer for tissue malondialdehyde (MDA) and 
glutathione peroxidase (GSH-Px) measurements.

Tissue MDA concentration was prepared according to the 
Uchiyama method (11). Tissue MDA concentrations were 
measured below 532 nm in nmol/g tissue.

GSH-Px analysis was performed according to the method 
described by Ellman (12). It was measured with a 
spectrophotometer at a wavelength of 410 nm.

Statistical Analysis
One-way analysis of variance (ANOVA) test was used in 
the analysis of malondialdehyde (MDA) and glutathione 
peroxidase (GSH-Px) values of the groups. The Mann-
Whitney U test was used to compare the groups. Kruskal wallis 
test was used for data that did not show normal distribution, 
and Dunnet test was used for multiple comparisons.

RESULTS
In the follow-up period after drug administration, 
neuromuscular block returned in all rats administered 
sugammdex after rocuronium in group 4. None of rats 
was died during procedure. No side effects were observed 
associated with sugammadex administration (QT 
prolongation, bradycardia, allergy). In histopathologic 
examination, no changes was observed in group 1 and group 
2. Interstitial edema and vessel dilatation were observed in 
group 3. Connective tissue edema, vessel dilatation and 
haemorrhagic areas were observed in group 4. Fibrosis 
and necrosis was not observed in any group. There was 
no significant difference found in MDA and GSH levels 
between groups.

Histopathological evaluation of the groups as a result 
of histological examination of the sections belonging 
to Group 1, no pathological findings were found. A 
structure consisting of dense muscle fibers with normal 
morphological structure and core placement of the fibers 
was dominant (Figure 1. a1 and a2). In addition, in the 
triple staining findings, dilatation, connective tissue fibrosis 
and inflammation were not found in the vascular structures. 
In addition, no connective tissue edema was observed 
between the muscle fibers (Figure 1 a3).



246

Doğukan et al. Cardiac effects of sugammadex and rocuronium Anatolian Curr Med J 2022; 4(3); 244-248

Figure 1. Light microscopy image of group 1; (a1 and a2 x40 
objective magnification, H&E staining) (a3 x40 objective 
magnification, Masson trichrome staining) Healthy tissue image

As a result of histological examination of the sections 
of group 2, a similar tissue image was found with group 
1. There were dense muscle fibers and the connective 
tissue ratio between muscle fibers was normal (Figure 
2 b1 and b2). As a result of the evaluation made with 
triple staining, no signs of hemorrhage, connective tissue 
edema, inflammation and fibrosis were found. A healthy 
tissue image was observed (Figure 2 b3).

Figure 2. Light microscopy image of group 2; (b1 and b2 x40 
objective magnification, H&E staining) (b3 x40 objective 
magnification, Masson trichrome staining) Group 1 and similar 
healthy tissue image

As a result of the histological examination of the sections 
of group 3, there was a slight increase in the number of 
fibers with interstitial edema and morphological changes 
in places compared to groups 1 and 2. In addition, signs of 
vessel dilatation were observed (Figure 3 c1, c2 and c3). As 
a result of the evaluation made with triple staining, no signs 
of inflammation and fibrosis were found (Figure 3 c4).

Figure 3. Light microscopy image of group 3; (c1, c2 and c3 
x40 objective magnification, H&E staining) (c4 x40 objective 
magnification, Masson trichrome staining) Black arrow; distorted 
muscle fiber, star; dilated vessel, black arrowhead; interstitial edema 
between muscle fibers.

As a result of histological examination of the sections 
belonging to Group 4, degeneration of muscle fibers 
was the most intense group compared to other groups. 
Connective tissue edema between muscle fibers was 
markedly increased. There was vessel dilatation (Figure 
4 d1, d2 and d3). As a result of the evaluation made with 
triple staining, no signs of inflammation and fibrosis 
were found. However, haemorrhagic areas were observed 
(Figure 4 d4).

Figure 4. Light microscopy image of group 4; (d1, d2 and d3 
x40 objective magnification, H&E staining) (d4 x40 objective 
magnification, Masson trichrome staining) Black arrow; distorted 
muscle fiber, star; dilated vessel, black arrowhead; interstitial edema 
between muscle fibers; thin black arrow; hemorrhagic area.

When the GSH level, a parameter belonging to the 
antioxidant systems, was compared between the groups, 
it was determined that group 3 and group 4 increased 
(p>0.005). There was a decrease in MDA level, which is 
an indicator of lipid peroxidation, in these two groups 
compared to the others. These increases and decreases 
were not found to be statistically significant (Table 2).

Table 2.Tissue GSH and MDA values
Groups Statistics GSH nmol/g MDA nmol/g

Group 1
Mean 8964.4 288.5
Median
(Min-Max)

9163.1
(4410.1-12403.4)

283.1
(244.6 – 338.4)

Group 2
Mean 7042.2 267.2
Median
(Min-Max)

7262.5
(4628-10172.7)

271.4
(241.2-298.2)

Group 3
Mean 9280.9 259.6
Median
(Min-Max)

9865
(5756.2 -12243.1)

259.6
(227.8-288.1)

Group 4
Mean 9963.5 260.5
Median
(Min-Max)

9874.6
(4487-14871.2)

249.6
(211.1-328.3)

p 0.272 0.175

Groups 3 and 4 caused an increase in GSH level compared 
to Groups 1 and 2. We believe that these substances 
cause an acute increase in GSH level due to the oxidative 
system. MDA levels did not cause a level of toxicity that 
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could cause a significant difference between the groups. 
Sugammadex and rocuronium did not cause oxidative 
stress-induced lipid peroxidation. The insignificant 
increase in MDA level suggests that these substances do 
not show severe toxicity as a result of free radical-induced 
oxidative stress and lipid peroxidation in heart tissue.

DISCUSSION
Sugammadex has no effect on NM connectivity or any 
receptor system in the body. This eliminates the need for 
anticholinergic drugs, which are alternatives and have 
many side effects. Clinical studies have shown that the 
side effects of sugammadex are mild and short-lived.

Side effects of sugammadex on the cardiovascular system 
have been reported as prolongation of the QT interval, 
bradycardia, hypotension, rhythm disturbances, and in 
rare cases asystole (13-17).

Sugammadex; although the drug was approved for 
use in Europe in 2008, the American Food and Drug 
Administration (FDA) postponed the approval for 
use until the end of 2015 due to the risk of serious 
hypersensitivity reactions. In their study, Tsur and 
Kalansky (18) identified 15 possible hypersensitivity 
reactions worldwide.

Considering the clinical studies examining the effects 
of sugammadex on the cardiac system; although high 
rates of bradycardia are mentioned in some publications, 
the incidence of bradycardia in patients treated with 
sugammadex was reported as 2% in a recent meta-
analysis study (4).

In studies examining the relationship between 
sugammadex and QT prolongation, no significant 
correlation was found even in high-dose sugammadex 
use (19,20).

Dahl et al. (19) reported that sugammdex-rocuronium 
complex does not have a muscarinic effect due to its 
inert structure; therefore, it had no significant effect on 
hemodynamics and QT interval

Considering the experimental studies, Bostan et al. 
(21) reported histopathological changes in renal tissue 
without deterioration of biochemical renal function 
values in rats administered rocuronium and high-
dose sugammadex (96mg/kg). In a similar study, they 
reported that rocuronium-sugammadex complex caused 
edema and degeneration in the heart and diaphragm 
muscle tissues. It has been suggested that the effects 
may not be directly related to sugammadex, and that the 
aminosteroid structure of rocuronium may have an effect 
on myopathy (22). In our study, tissue edema, vessel 
dilatation and haemorrhagic areas were detected in the 
histopathological examination of the sugammadex-

rocuronium group, but no signs of inflammation or 
fibrosis were found.

In an I/R study examining the effects of rocuronium-
sugammadex complex on brain tissue; neither 
biochemical values (GSH, MDA) nor histopathologically 
significant changes were found (9). In our study, no 
significant difference was found between the groups in 
terms of GSH and MDA levels.

Considering the recent ischemia-reperfusion (I/R) 
studies; there are studies in the literature reporting 
that sugammadex has organ-protective effects. In a 
recent I/R study, renal ischemia was performed and 
the nephroprotective effect of high-dose (100mg/kg) 
sugammadex use was demonstrated (23). In an I/R 
study performed with bilateral carotid occlusion for 10 
minutes, sugammadex was reported to be protective 
against cerebral ischemia (24).

In this study, the dose of sugammadex that is used safely 
in humans was used. Although higher doses have been 
used in some studies, a dose of 16mg/kg has been used 
in many studies (9,21,22). There was no significant 
difference found in cardiac and diaphragmatic skeletal 
muscle with 16 mg/kg and 96 mg/kg sugammadex doses 
(22). Because of this study aimed to predict the side effects 
of sugammadex in clinical use, the study was planned to 
be conducted with this dose. 

we observed that sugammadex and rocuronium-
sugammadex complex made histopathological changes 
on the heart muscle in an experimental model in rats.
Inthe group given rocuronium and sugammadex, 
the degeneration of the muscle fibers as a result of the 
histological examination of the sections was the most 
intense group compared to the other groups. Connective 
tissue edema between muscle fibers was markedly 
increased. Vascular dilatation was present. But no 
haemorrhagic areas were observed. In the group given 
sugammadex, less than the group given sugammadex-
rocuronium complex, there was an increase in the number 
of interstitial edema and fibers with morphological 
changes from place to place. In addition, vascular 
dilatation findings were observed.

The GSH levels in our experimental groups were found 
to be higher than those in the control group, we think 
that this is an acute increase caused by the oxidative 
system. MDA levels did not cause a level of toxicity that 
could cause a significant difference between the groups. 
Sugammadex and rocuronium did not cause oxidative 
stress-induced lipid peroxidation. The insignificant 
increase in MDA level suggests that these substances 
do not show severe toxicity as a result of free radical-
induced oxidative stress and lipid peroxidation in heart 
tissue.
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CONCLUSION
As a result, in this experimental study, in parallel with 
the clinical studies performed, sugammadex and 
sugammadex-rocuronium complex cause biochemical 
and histopathological effect on the heart tissue, but no 
irreversible changes (fibrosis,necrosis) was found in 
histopathologic evaluation and  no significant difference 
was found in MDA and GSH levels that used as an index 
for oxidative cellular damage.
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ABSTRACT
Aim: Peritoneal dialysis (PD) is the more preferred renal replacement therapy (RRT) option for most patients with end-stage renal 
disease (ESRD) who can not achieve a kidney transplantation. By an enhanced national PD program, more patients may have 
a chance to take the advantage of this treatment option. In this study, we aim to investigate whether PD is preferred as the first 
dialysis treatment modality in Northern Cyprus and reveal the outcomes in order to improve the further PD program. 
Material and Method: Peritoneal dialysis patients aged above 18 years who were followed between 2003-2021 in Northern Cyprus 
were investigated retrospectively. Demographic data, primary kidney diseases, comorbidities and previous RRT modalities were 
analysed. Episode(s) of peritonitis, total duration on PD therapy, switch to kidney transplantation or HD, and mortality rate were 
evaluated. Outcomes of elderly (≥ 65 years) and diabetic patients who were dropped out from PD were found out.
Results: A total of 123 patients aged 18-83 years were included in the study. Forty percent of 123 PD patients initiated RRT with 
PD. The median time was found 1 month in the rest of the patients to transfer PD from other modalities. Renal transplantation 
was performed in 16.8% of patients during follow-up whereas 34.7% were transferred to HD after 41 months. Inadequate dialysis 
(40.7%), PD-related infections (29.6%), ultrafiltration insufficiency (18.5%), mechanical complications (11.1%) were the most 
common causes of switching from PD to HD. The duration of being under PD therapy was 36.5 months for 46 patients who died 
under PD therapy. Cardiovascular events (50%) and various infections (%35) were the leading causes of mortality. A total of 48 
(43.2%) PD patients had at least one episode of peritonitis. Total duration on PD treatment, PD rate as initial RRT modality, the 
prevalence of hypertension and diabetes mellitus (DM), peritonitis rate, and use of automated PD were not significantly different 
between elderly (n=34) and adult individuals (18-65 years). The duration of being under PD therapy was longer for males than 
females (p=0.044) and the duration of PD therapy was similar in the dropped out patients with or without DM (p=0.205).
Conclusion: A significant amount of patients received HD before initiation of PD (60%). Age is not be considered as a challenging 
barrier for PD initiation in Northern Cyprus. Precautions to prevent the development of peritonitis may contribute to extend the 
total duration of PD treatment. 
Keywords: End-stage renal disease, peritoneal dialysis, renal replacement therapy 
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INTRODUCTION
The prevalence of patients with end-stage renal disease 
(ESRD) undergoing renal replacement therapies (RRTs) 
is increasing worldwide (1). Although transplantation is 
the best option among RRTs, there is a shortage of organ 
donors, and thus most of the patients with ESRD have 
to be put on either hemodialysis (HD) or peritoneal 
dialysis (PD) while on a waiting list for transplantation 
(2). Epidemiology of ESRD and treatment options for 
these patients should be considered in the health system 
projections of each country.

Patients should be well informed about different 
treatment modalities in the predialysis period. Besides 
the medical factors, patients’ preferences, expectancy, 
and needs should be considered for a better quality 
of life (3). Modality conversion may sometimes be 
required during the follow-up. Although the proportion 
of patients on HD is much more than patients on PD, 
the pattern of choice may be different among countries 
and regions (4). 

The study was presented as an oral presentation in 23rd National Hypertension and Kidney Diseases Congress (2021) and accepted as a mini-oral presentation in 59th European Renal 
Association (ERA) Congress (2022). 
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Analysis of the PD registry of each country may help 
to improve the national PD program –to determine 
medical expenses, and demand for health care 
professionals, to allocate health care resources fairly. 
With the national PD program, more patients may 
have a chance to take advantage of this treatment 
option. Mortality and morbidity data may allow us to 
take necessary precautions. This may give us a chance 
to overcome barriers and build a strong PD program 
to improve health outcomes. In order to contribute 
to the development of the PD program in Northern 
Cyprus, we planned to assess our national PD registry 
as a first step. In this study, we aim to investigate 
whether PD is preferred as the first dialysis treatment 
modality in Northern Cyprus and to evaluate the 
duration of being under PD therapy, and outcomes in 
order to improve the PD program.

MATERIAL AND METHOD
The study was approved by Dr. Burhan Nalbantoğlu 
State Hospital  Ethics Committee (Date: 5.11.2021, 
Decision number: 55/21). All procedures were 
performed in accordance with the principles stated 
in the Declaration of Helsinki. We evaluated all 125 
adult PD patients (> 18 years) who were followed in 
Northern Cyprus from the year 2003 to 2021. Two 
missing PD patients were excluded due to moving to 
another country within 3 months following the onset 
of the PD therapy. There was a single team who was 
responsible for follow-up PD patients in the country.

Demographic data, primary kidney diseases, and 
comorbidities including diabetes mellitus (DM), 
hypertension, heart failure, peripheral vascular disease, 
cerebrovascular disease, liver disease, peptic ulcer, 
malignancy, acquired immunodeficiency syndrome, a 
solid tumor, or hematological malignancy were noted. 
Charlson’s comorbidity index was calculated for each 
participant. Previous RRT histories of the patients 
were screened retrospectively to determine whether 
PD was the initial RRT modality or not. Duration of 
time spent on other RRT modalities before initiation 
of PD was found out. Data of initial peritoneal 
equilibrium test results and switch to automated PD 
were collected. The proportion of patients who had 
peritonitis was determined.

The primary endpoint of this study was PD dropout. 
PD dropout was defined as the termination of PD 
therapy and resulted in switching to another RRT 
(renal transplantation or HD) or mortality. Causes 
of switching from PD to HD were analyzed. We 
evaluated patient survival and described the causes of 

mortality. Peritoneal dialysis duration was calculated 
for each participant who dropped out from PD. The 
dropout rates of 1, 2, and 5 years following the onset 
of the PD initiation were found out. Peritoneal dialysis 
duration and a dropout rate of 1 and after 5 years of 
PD initiation were compared between female and 
male PD patients.

Elderly patients who initiated PD at age ≥65 were 
compared with adult individuals in terms of initial 
RRT modality, time passed to initiate PD after 
first RRT, use of automated PD. Peritoneal dialysis 
duration, peritonitis rate, use of automated PD, the 
prevalence of hypertension, diabetes, Charlson’s 
comorbidity index, and outcomes were evaluated for 
elderly and adult patients who were dropped out from 
PD. The dropout rates of 1 and 5 years were evaluated 
for elderly and adult individuals.

Initial RRT modalities, the duration of being under PD 
therapy, peritonitis rate, use of APD, the prevalence 
of hypertension, Charlson comorbidity index, and a 
dropout rate of 1 and 5 years were compared between 
PD patients with and without DM.

Statistical Analysis
We used the Statistical Program for Social Science 
(SPSS) version 15 for Windows. Normality tests 
were performed to identify whether variables were 
in the normal distribution. Descriptive statistics 
are presented as mean±standart deviation, median, 
minimum and maximum values. Categorical values 
are described as percentages. Student’s t-test or Mann-
Whitney U test was used for the mean comparison of 
two groups. Chi-square statistics were used to compare 
two categorical variables. Binary logistic regression 
was performed to evaluate the impact of peritonitis on 
the drop out rate of PD. p value lower than 0.05 was 
considered statistically significant.

RESULTS
A total of 123 patients aged 18-83 years were included 
in the study. Twenty-five patients were actively on PD 
therapy, 2 moved to another country on PD therapy, 
and 96 dropped out from PD. A greater number of 
male than female patients received PD (73% vs 27%). 
Unknown etiology (32.5%) and DM (29.3%) were the 
most common etiological factors for renal diseases 
in these patients (Table). Peritoneal dialysis was the 
initial RRT modality for 40% of patients (Figure 1). 
The median time was found 1 month for the patients 
to transfer PD from other modalities. Automated PD 
was used by 58 (53.2%) patients. 
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Table. Demographic and clinical features of peritoneal dialysis 
patients
Gender, female/male, n (%) 33/90 (27/73)
Age initiated peritoneal dialysis* 59 (18-83)
Time passed to initiate peritoneal dialysis after 
first renal replacement therapy, months* 1 (0-328)

Diabetes mellitus prevalence, n (%) 53 (43.4)
Hypertention prevalence, n (%) 104 (87.4)
Primary kidney disease, n (%) 

Diabetes mellitus 36 (29.3)
Glomerulonephritides 17 (13.8)
Hypertension 7 (5.7)
Tubulointerstitial disease 4 (3.3)
Policystic kidney disease 8 (6.5)
Other 10 (8.1)
Unknown 40 (32.5)

Charlson comorbidity index* 5 (2-9)
Initial peritoneal equilibrium test category, n (%)

Low transporter 3 (3.5)
Low-average transporter 23 (27.1)
High-average transporter 42 (49.4)
High transporter 17 (20) 

Patients experienced peritonitis, n (%) 48 (43.2)
Use of automated peritoneal dialysis, n (%) 58 (53.2) 
*median (minimum-maximum)

Figure 1. Distrubition of patients according to first renal 
replacement therapies 
*PD; peritoneal dialysis, HD; hemodialysis, RRT; renal replacement therapy

Sixteen (16.8%) patients had renal transplantation during 
follow-up. Thirty-three patients (34.7%) were switched 
to HD. Median transfer time to HD was 41 months (1-
122 months). Dropout rate to HD was 9.5% in 2019, 
4.2% in 2020 and 4.0% in 2021. Inadequacy dialysis and 
PD-related infections were the most common causes 
of switching from PD to HD (Figure 2). A total of 48 
(43.2%) PD patients had at least one episode of peritonitis. 
Peritonitis was found as an important factor affecting the 
dropout rate of PD (p<0.0001).

Forty-six (48.4%) patients died on PD therapy at the age 
of 67±11. Average time spent under PD was found 36.5 
months (1-150 months) for these patients. Mortality rates 
for last three years were evaluated and it was 13.6% in 
2019, 14.8% in 2020, and 17.2% in 2021. Cardiovascular 
events (50%) and various infections (%35) were the 
leading causes of mortality.  

Figure 2. Causes of transfer from peritoneal dialysis to hemodialysis
*PD; peritoneal dialysis

The duration of being under PD therapy was 36 (1-
150) months in patients who dropped out from PD. 
18.9% (18/95) of dropouts occurred within 1 year of PD 
initiation, whereas 66.3% (63/95) occured after 2 years 
and 28.4% (27/95) after 5 years of PD initiation. 

Gender

Total duration on PD treatment was longer in males 
(n=67) then females (n=28) (41 [1-150] vs 21 [3-120] 
months, p=0.044).  Thirty-two percent (9/28) of female 
patients dropped out within the first year of PD whereas 
only 13% (9/67) of male patients dropped out of PD 
within the same period (p=0.034). The dropout number 
of female and male patients after 5 years of the onset of 
the PD was similar (6/28 F, 21/67 M, p>0.05).

Elderly and Adult Patients

Elderly patients, who initated PD at aged ≥65, consisted 
32.5% (40/123) of all PD patients. Initial RRT modality was 
PD in 32.5% (13/40) of elderly patients and 43.4% (36/83) 
of adult patients (p>0.05). Time passed to initiate PD after 
first RRT was similar between elderly (n=40) and adult 
patients (n=83) (1.5 [0-328] vs 1[0-164] months, p>0.05). 
Elderly patients used automated PD more commonly than 
adult individuals (67% [24/36] vs 47% [34/73], p=0.048).

The duration of being under PD therapy was 34.5 (1-
150) months for elderly (n=34) and 38 (1-139) months 
for adult individuals (n=61) who were dropped out 
from PD (p>0.05). Peritonitis was similar in elderly and 
adult patients who were dropped out from PD (16/31 
vs 27/54, p>0.05). The use of automated PD was not 
significantly different between elderly and adult patients 
who were dropped out from PD (19/30 vs 28/53, p>0.05 
for all). Prevalence of hypertension (27/33 vs 56/60, 
p>0.05) and DM (19/34 vs 26/62, p>0.05) were similar 
between the two groups. The comorbidity index was 
found significantly higher in the elderly group than adult 
individuals who were dropped out (5.85±1.48 vs 4±1.59, 
p<0.0001). The dropout rate within 1 year of PD was 
similar for elderly and adult individuals (8/34 vs 10/61, 
p>0.05). The dropout rate of PD at 5 years was similar 
for elderly and adult individuals (8/34 vs 19/61, p>0.05).
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Diabetic and Non-diabetic Patients
A total of 53 PD patients out of 123 (43.4%) had DM. 
Diabetic patients who chose PD as the initial RRT 
modality were not significantly different than non-
diabetic patients (n=24/53 vs 25/69, p>0.05).

Patients who dropped out from PD were grouped as 
diabetic (45/96, 46.9%)  and non-diabetic patients 
(51/96, 53.1%). Peritoneal dialysis duration was 31 
(1-139) months for patients with DM and 43 (2-
150) months for patients without DM (p>0.05). The 
prevalence of peritonitis was similar in the two groups 
(21/39 vs 22/46, p>0.05). The use of APD was similar for 
patients with and without DM (18/36 vs 29/47, p>0.05). 
Hypertension was more prevalent in patients with DM 
than patients without DM (43/44 vs 40/49, p=0.012). 
The comorbidity index was significantly higher in 
patients with DM than patients without DM (5.93±1.34 
vs 3.48±1.25, p<0.0001). The dropout rate within 1 year 
of PD onset was similar for diabetic and nondiabetic 
individuals (7/45 vs 11/50, p>0.05). The dropout rate 
after 5 years of PD initiation was similar for individuals 
with and without DM (9/45 vs 18/50, p>0.05).

DISCUSSION
Our present results show that a significant amount 
of patients required HD before initiation of PD in 
Northern Cyprus. This was higher than the rates 
reported in previous studies from other countries 
(5). Late admission of patients to the nephrology 
department, delay in predialysis education, less use of 
urgent PD may be some of the possible explanations for 
this observation. In this study, we found that patients 
aged ≥ 65 years had similar results to adults, and diabetic 
patients had similar outcomes to non-diabetic patients. 
Therefore,  age and DM should not be considered as 
challenging barriers for PD. 

PD has the advantage of being home-based therapy 
away from the hospital, with social distancing 
without need for transportation which becomes more 
important nowadays due to the COVID-19 pandemic 
(6). Peritoneal dialysis offers patients the opportunity 
to dialysis with relative protection of residual kidney 
function and no need for vascular access site. Clinical 
outcomes and survival were as good as HD (7-9). A 
more flexible schedule of PD may provide greater 
patient freedom like more opportunities to travel, and 
social rehabilitation, and may deliver improved quality 
of life (4,8,10,11). Reduced early graft dysfunction 
following transplantation was reported in PD patients 
(12). Besides all these potential benefits, PD is also 
accepted as a cost-effective RRT method (13).

Despite all its advantages, the use of PD is lower than HD 
in most parts of the world (4,7,11,14). Similarly, PD is 
less likely preferred RRT modality in Northern Cyprus. 
We need to clarify the reasons why PD is not widely 
used. There may be factors related to patient, health 
care team, and health care system (4). Patients may be 
inadequately educated on modality choice and they 
may feel fear that leads to reluctance in accepting PD 
(15). Problems faced arranging catheter insertion and 
catheter dysfunction as an early technique failure are 
important challenges (7). Patient education and training 
may be time-consuming, and a lack of motivation of the 
health care team may be some of the underlying factors 
(15). Reimbursement schemes and government policies 
may be also responsible for the wide variation in the use 
of PD between countries (4). 

Patients with ESRD should have the opportunity to 
access various treatment options (14). Predialysis 
patients should be educated timely about the dialysis 
modalities and encouraged to make a choice that is most 
suited to their lifestyles (4,7,16). Enough time should 
be spent discussing treatment modalities and effective 
educational programs may include sessions with family 
members (16). Catheter placement, patient training, and 
continued support may be some of the other factors on 
which we need to focus (7). A dedicated staff who will 
participate in the education and training PD programs 
is essential. The health care team should help patients to 
feel confident to dialyze. Appropriate socio-economic 
circumstances and social support are also required, and 
home visits may support patient cooperation (7). 

Patients may admit in late-stage requiring dialysis. 
Unplanned RRT initiation may lead patients to choose 
HD instead of PD. These patients are less likely to change 
their modality to PD. The feeling of improvement that 
patients feel after starting HD may lead to the perception 
that the current treatment is the best treatment. An 
urgent start PD program is an acceptable option and may 
reduce central venous catheter requirement for patients 
who prefer to be on PD (7,9). Incidences of catheter-
related bloodstream infections and dialysis-related 
complications were reported lower in urgent-start PD 
than urgent-start HD via a central venous catheter (3). 
Patients who have already initiated HD therapy should 
also receive information about other RRT modalities. 
A significant number of these patients may transfer to 
PD in the first 6 months of therapy (16,17). We found 
that PD was the initial RRT modality only for 40% of 
patients, and it took approximately 1 month for others 
to initiate PD after the first RRT. Pulliam et al. reported 
25%– 27% of PD patients were transferred from HD, and 
only 1%–2% had a failed allograft (18). This indicates that 
PD should be more encouraged as a first RRT modality in 
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our country. High prevalence of unknown etiology in our 
cohort may implicate late admission of the patients which 
may limit time for adequate education in the predialysis 
period. Urgent PD may also be less performed.

Dropout rate from PD to HD improved in last three years 
from 9.5% in 2019 to 4.0% in 2021 in Northern Cyprus. 
Strategies to improve PD technique survival may help to 
keep patients on PD and lead to higher-quality dialysis 
with better outcomes (4,7). High rates of technique 
failure may limit time spent on PD. Unfortunately, the 
majority of the patients discontinue PD within 2-3 years 
of commencement (7,11), and only a few patients are left 
on PD after 5 years of PD initiation (10,18). The longevity 
of PD still remains a concern (4). Catheter dysfunction, 
peritoneal or catheter-related infections, inadequacy 
dialysis, or ultrafiltration failure are among the common 
reasons for technique failure. Psychosocial barriers like a 
burden and patient preference are the other contributing 
factors (19,20). In our study majority of PD patients 
dropped out after 2 years of PD initiation. Peritoneal 
dialysis duration was 41 months for patients who dropped 
out from PD to HD, and insufficient dialysis and PD-related 
infections were the most common causes. We may need 
to give greater attention to prevent technique failure to 
make long-term PD possible. Mortality rate of PD patients 
was increased in last three years from 13.6% in 2019 to 
17.2% in 2021 which might be attributed to COVID-19 
pandemia. Cardiovascular events and infections are the 
leading causes of mortality in PD patients.

The predominance of male patients was noted in our 
study. There are conflicting reports about gender-specific 
differences in technique failure. Some trials reported 
lower technical failure rates in females compared to 
men (21,22) whereas no gender-specific differences were 
found in others (23,24). Different characteristics of the 
PD population like age, the need for sufficient numbers 
of caregivers might affect the results. Male and female 
patients may also have different coping skills (25). We 
found the duration of being under PD therapy was longer 
in males than females. The dropout rate of female patients 
was higher within the first year of PD onset, whereas the 
dropout rate after 5 years of PD onset was similar in the 
two groups.

The elderly are less likely to initiate RRT with PD than 
HD (26,27).  However, PD may be a better option for 
the elderly rather than HD as hemodynamic instability 
and vascular access may be greater problems for this 
age group. Initiating RRT with PD rather than HD was 
found associated with better patient survival for the full 
5 year follow-up period for patients aged above or below 
65 years (4). Availability of assisted PD programs may be 
useful for some elderly patients who prefer to perform 
PD but need help (28). Our results supported that elderly 

patients have comparable outcomes to adult individuals. 
Elderly patients used automated PD more commonly 
than adult individuals in our study. 

Diabetes is the most common cause of ESRD worldwide. 
Diabetic patients were less likely to receive PD as first 
RRT than nondiabetic patients in Europe (26,27,29). 
The presence of diabetic retinopathy and peripheral 
neuropathy, anxiety about poorer glycemic control, and 
increased risk for peritonitis may be the underlying 
reasons (29). Transfer to HD may be more common in 
diabetic PD patients (25).  However, our study revealed 
that a significant amount of PD patients in Northern 
Cyprus had DM, and number of diabetic patients who 
chose PD as the initial RRT modality were not different 
than non-diabetic patients. Despite the greater prevalence 
of comorbidities,  the duration of being under PD therapy 
and dropout rate were similar in patients with and 
without DM. Peritonitis rate was not different as well. All 
these results encourage the use of PD in diabetic patients. 
The difference in results may be due to the heterogeneity 
of patients with DM.

The limitations of the study are as follow. First, 
psychosocial factors could not be evaluated among 
the dropout causes due to the retrospective design of 
the study. Second, data about predialysis education, 
nephrology care before the start of dialysis, and the 
presence of caregivers were not included. Third, as 
this is a nation-based study, results may not be entirely 
generalized.

CONCLUSION
A significant amount of patients required HD before 
initiation of PD. Early admission of patients to the 
nephrology department and timely initiation of 
education programs may contribute to decreasing the 
need for HD before PD. As elderly patients had similar 
results with adult individuals, age is not be considered 
as a challenging barrier for PD. Precautions to prevent 
the development of peritonitis may contribute to extend 
the total duration of PD treatment. Region-specific issues 
related to using PD need to be described to improve the 
outcomes of PD patients.
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ABSTRACT 
Aim: We aimed to investigate the effect of empagliflozin, which is started in patients with type 2 diabetes mellitus (T2DM), on 
neutrophil leumphocyte ratio (NLR) and monocyte high-density lipoprotein ratio (MHR), which are used as inflammation, 
glycemic control and oxidative markers.
Material and Method: The file systems of T2DM patients who used empagliflozin for at least 12 weeks were retrospectively 
analyzed. Demographic data of the patients were recorded. biochemical and hemogram parameters were compared before and 
after empagliflozin.
Results: 194 patients were included in the study. Plasma fasting glucose (p<0.001), hemoglobin A1c (HbA1c)(p<0.001), 
low-density lipoprotein cholesterol (LDL-C) (p=0.041), NLR(p=0.002) and MHR(p=0.042) values of T2DM patients after 
empagliflozin treatment were statistically significantly decreased compared to pre-treatment with empagliflozin. HDL-C 
value(p=0.003), on the other hand, increased significantly after empagliflozin
Conclusion: NLR and MHR are inexpensive and practical markers of inflammation. This result shows us that NLR and MHR 
should be used as inflammation markers in patients using empagliflozin.
Keywords: Empagliflozin, MHR, NLR
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INTRODUCTION
Type 2 diabetes mellitus (T2DM) is a progressive disease 
with a complex pathophysiology. Increasing insulin 
resistance, progressive deterioration of β-cell function, 
dysfunctional adipocytes, gastrointestinal incretin 
defects, increased glucose reabsorption from the kidneys, 
hyperglucagonemia, and neurotransmitter dysfunction 
may contribute to development of diabetesGlucose 
control is a central focus in the management of T2DM, 
and reducing hyperglycemia has been shown to decrease 
microvascular complications of diabetes (1). Chronic 
inflammation plays an important role in the pathogenesis of 
diabetes, its development and complications (2,3). Studies 
show that the levels of inflammatory cytokines such as 
CRP, IL-1, IL-6, TNF-α increase in patients with diabetes 
(4). Neutrophil/lymphocyte ratio (NLR) is an indicator 
of systemic inflammation and is accepted as a marker of 
inflammation in complications such as microvascular and 
macrovascular in diabetic patients (5). The monocyte-to-
high density lipoprotein ratio (MHR) has recently been 
implemented as an indicator of inflammation and oxidative 

stress. MHR indicates inflammation and oxidative stress 
due to the proinflammatory effect of the monocytes, as 
well as the anti-inflammatory and antioxidant effect of 
the high-density lipoprotein cholesterol (HDL-C). Several 
studies have used these metrics to determine whether 
inflammation and atherosclerosis contribute to the 
etiopathogenesis of cardiovascular and cerebrovascular 
diseases. MHR has been found to be significant as 
a biomarker in the development of microvascular 
complications in diabetic patients (6,7). Empagliflozin, a 
sodium-glucose cotransporter 2 (SGLT2) inhibitor, is a 
newly developed oral antidiabetic drug to enhance renal 
glucose excretion or glycosuria and reduce hyperglycaemia 
in an insulin-independent manner by highly selective 
inhibition of SGLT2. SGLT2 is mainly located in the 
apical brush border membrane of the S1 segment of the 
proximal convoluted tubules, which regulates 90% of 
the reabsorption of glucose from glomerular filtrate. 
Therefore, SGLT2 inhibitor can increase the urinary 
glucose level and reduce blood glucose. Empagliflozin 
is different form conventional antidiabetic drugs, which 

https://orcid.org/0000-0003-0457-2025


256

Doğan M. The effect of empagliflozin on monocyte HDL ratio in diabetic patients Anatolian Curr Med J 2022; 4(3); 255-259

rely on insulin secretion, and represents a novel class of 
antidiabetic drugs. It has been approved for the treatment 
of type 2 diabetes in adults since 2014 (8,9). In our study, 
we aimed to investigate the effect of empagliflozin, which 
is started in patients with Type 2DM, on NLR and MHR, 
which are used as inflammation, glycemic control and 
oxidative markers.

MATERIAL AND METHOD
This study was planned retrospectively. The study was 
carried out with the permission of Hitit University Medical 
Faculty Non-interventional Clinical Researches Ethics 
Committee (Date: 29.12.2021, Decision No: 2021-88). All 
procedures were carried out in accordance with the ethical 
rules and the principles of the Declaration of Helsinki.

Patients who applied to our internal medicine outpatient 
clinic between 01.01.2019 and 01.01.2022 with a 
diagnosis of T2DM, who were started on empagliflozin 
10 mg and used for at least 12 weeks were screened. 194 
patients who met the inclusion criteria were included in 
the study. Inclusion criteria for the study; Patients who 
have not used empagliflozin before and have received 
empagliflozin treatment for at least 12 weeks, patients 
over the age of 18, patients under 75 years of age, patients 
who are not pregnant, those without acute infection, 
those who have not started antihyperlipidemia treatment 
in the last month and have not changed, and those who 
do not use drugs affecting the bone marrow, spleen-
related disease, acute and chronic inflammatory disease 
and consists of people without a history of malignancy. 
Exclusion criteria; Type-1 DM, who use empagliflozin 
for less than 12 weeks, pregnant women and patients with 
chronic renal failure. Demographic data, comorbidities 
and diabetes medication used before empagliflozin were 
noted. Glucose, hemoglobin A1c (HbA1c), HDL-C, low-
density lipoprotein cholesterol (LDL-C), total cholesterol, 
triglyceride, alanine aminotransferase (ALT), aspartate 
aminotransferase (AST) and hemogram parameters were 
recorded before and after empagliflozin. 

This study was approved by the university/local human 
research ethics committee, and all procedures performed 
in studies involving human participants were conducted in 
accordance with the ethical standards of the institutional 
and/or national research committee, the 1964 Declaration 
of Helsinki and subsequent amendments or comparable 
ethical standards.

Statistical Analysis
IBM SPSS 22 program was used for data analysis 
and statistical analysis. Student’s T test was used for 
intergroup comparisons of normally distributed 
parameters as well as descriptive statistical methods 

(mean, standard deviation, ratio) when evaluating study 
data; Mann-Whitney U test was used for the intergroup 
comparisons of non-normally distributed parameters. 
In addition, Wilcoxon Signed Rank test was used. The 
results were evaluated at the 95% confidence interval and 
the significance level of p<0.05.

RESULTS
A total of 194 patients, 86 male and 108 female, using 
empagliflozin were included in our study. The mean age 
was 63.12±4.12 in men and 64.26±5.90 in women. The 
duration of DM was 13.05±5.34 in men and 14.09±6.01 
in women. DM drugs used before empagliflozin, 
comorbidities and complications of DM are shown in 
Table 1. 

Table 1. Demographic and clinical data of the patients
Sex=n (%)

Male 86 (44.3)
Female 108 (55.6)

Age (years)±SD
Male 63.12±4.12
Female 64.26±5.90

Disease duration (years) ± SD
Male 13.05±5.34
Female 14.09±6.01

Comorbidity (n) 
Hypertension 105
Hyperlipidemia 47
Coronary artery disease 31
Cerebrovascular disease 7
None 64

DM medication before empagliflozin(n)
Insulin 75
Metformin 49
Linagliptin 24
Vildagliptin 28
Pioglitazone 27
Other 10

DM microvascular complications(n)
None 94
Neuropathy 39
Nephropathy 29
Retinopathy 32

Plasma fasting glucose, HbA1c, LDL-C, NLR and MHR 
values of T2DM patients after empagliflozin treatment 
were statistically significantly decreased compared to 
pre-treatment with empagliflozin (p<0,05). HDL-C 
value, on the other hand, increased significantly after 
empagliflozin (p<0,05) (Table 2).

There was no statistically significant difference in blood 
parameters of T2DM patients with neuropathy after 
using empagliflozin (p>0,05) (Table 3). 
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DISCUSSION
In our study, after empagliflozin treatment in T2DM 
patients, plasma fasting glucose, HbA1c, LDL-C, NLR 
and MHR values decreased significantly, while HDL-C 
values increased significantly. The prevalence of type 2 
diabetes mellitus has doubled over the past 3 decades 
and is likely to affect a half a billion people in the next 
3 decades (10). Female gender and advanced age are 
predisposing factors for T2DM (11). Of the patients 
participating in our study, 55.6% were female and 44.3% 
were male. The mean age was found to be 64.01 years.

Sodium glucose cotransporter 2 (SGLT2) inhibitors have 
a unique mecha-nism of action leading to excretion of 
glucose in the urine and subsequent lowering of plasma 
glu-cose. This mechanism is independent of β-cell 
function; thus, these agents are effective treatment for 
type 2 diabetes mellitus (T2DM) at theoretically any 
disease stage. Empagliflozin is one of three approved 
SGLT2 inhibitors (12). In a study by Rosenstock et al. (13) 
a statistically significant decrease was found in HbA1c, 
fasting plasma glucose and body weight after 12 weeks 
of empagliflozin treatment. In our study, similar to the 

literature, a statistically significant decrease was found 
in the fasting plasma glucose and HbA1c averages of the 
patients after empagliflozin (p<0.001). 

SGLT2 inhibitors reduce body weight and visceral 
adiposity, and improve various metabolic abnormalities 
associated with metabolic syndrome such as blood 
pressure, lipid profile, and serum uric acid level (14). 
SGLT2 inhibitors are associated with a small increase in 
HDL-C as well as an increase in LDL-C with concomitant 
reductions in triglyceride levels (15,16). In addition, a 
meta-analysis of 34 randomized controlled trials showed 
that the administration of SGLT2 inhibitors increased 
HDL-C (mean difference 1.93 mg/dL), LDL-C (mean 
difference 3.5 mg/dL) and decreased serum triglycerides 
(mean difference 7.8 mg/dL) (17). In the comparison study 
of empagliflozin 10mg, empagliflozin 25mg and placebo 
by Hach et al. (18) small increases in HDL-cholesterol 
and LDL-cholesterol and a small decrease in triglyceride 
levels were observed in the empagliflozin group. In our 
results, there was a significant increase in HDL-C and a 
significant decrease in LDL-C (HDL-C p:0.003, LDL-C 
p:0.041), while the decrease in triglyceride level was not 

Table 2. Comparison of biochemical and hemogram parameters of T2DM patients before and after empagliflozin
 Before Empagliflozin

 Mean±SD 
After Empagliflozin

Mean±SD p

Plasma fasting glucose (mg/dL) 188.02±63.80 146.69±57.04 <0.001*
HbA1c (%) 8.24±1.83 6.37±1.43 <0.001*
Triglyceride (mg/dl) 208.51±72.28 192.60±60.17 0.063
Total Cholesterol (mg/dl) 173.66±52.73 171.72±49.24 0.071
HDL-C (mg/dl) 41.82±11.83 46.64±13.61 0.003*
LDL-C(mg/dl) 108.91±37.27 101.87±43.28 0.041*
ALT (IU/L) 23.19±11.41 24.18±13.06 0.073
AST (IU/L) 20.93±6.93 21.22±9.54 0.967
White blood cell 8.55±4.64 8.40±3.48 0.816
Hemoglobin (g/dl) 13.08±4.07 13.87±2.27 0.163
Neutrophil(103/mm3 ) 5.01±1.38 4.93±1.19 0.263
Lymphocyte (103/mm3 ) 2.62±0.43 2.67±0.58 0.107
Monocyte (103/mm3 ) 0.49±0.11 0.50±0.73 0.473
NLR 1.92±0.63 1.74±0.78 0.002*
MHR 0.01171±0.00401 0.01072±0.00941 0.042*
Platelet (103/mm3 ) 298.76±72.34 287.09±71.23 0.118
*p<0.05, SD: standard deviation

Table 3. Comparison of biochemical and hemogram parameters of T2DM patients with diabetic neuropahty before and after empagliflozin
Before Empagliflozin

Mean±SD
After Empagliflozin

Mean±SD
p

Plasma fasting glucose (mg/dL) 196.96±54.82 183.69±47.03 0.634
HbA1c (%) 10.04±1.97 9.61±1.23 0.072
Triglyceride (mg/dl) 188.71±62.38 184.59±61.24 0.963
Total Cholesterol (mg/dl) 182.31±46.28 171.81±47.28 0.821
HDL-C (mg/dl) 40.36±10.47 43.75±11.58 0.053
LDL-C (mg/dl) 107.99±34.53 108.78±36.41 0.061
NLR 3.69±0.99 3.36±0.78 0.072
MHR 0.01611±0.00321 0.01539±0.00611 0.143
SD: standard deviation
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statistically significant (p:0.063). In a retrospective study 
by Yuya et al. (19) in non-alcoholic fatty liver patients, 
patients using dipeptidyl peptidase-4 inhibitor and 
SGLT2 inhibitor for 24 weeks were analyzed. Decreases 
in transaminase activities were found to be similar in 
both groups. We did not detect any significant changes 
in AST and ALT values before and after empagliflozin.

MHR and NLR values are used as markers of inflammation 
in diabetic patients (20,21). There are studies showing 
the anti-inflammatory and antioxidant properties of 
empagliflozin treatment in T2DM patients (22,23). 
However, we could not find any study in the literature 
investigating the effect of empagliflozin treatment on 
MHR and NLR levels. Chronic inflammatory disorders 
and dyslipidemia in type 2 diabetes mellitus (T2DM) 
are essential contributors to the development of 
atherosclerotic cardiovascular disease. High NLR and 
MHR values are associated with cardiovascular disease 
in T2DM patients (24,25). Cardiovascular mortality is 
the principal cause of death in individuals with T2DM. 
The recently published Empagliflozin Cardiovascular 
Outcome Event Trial in Type 2 Diabetes Mellitus Patients 
(EMPA-REG OUTCOME) study demonstrated that in 
T2DM patients with high cardiovascular disease risk 
empagliflozin reduced the primary major adverse cardiac 
event end point (cardiovascular death, nonfatal myocardial 
infarction, nonfatal stroke) by 14% (26). In our study, a 
significant decrease was found in NLR and MHR values 
after empagliflozin (NLR p:0.002, MHR p:0.042). 

Up to 50% of diabetes patients suffer from microvascular 
complications, including diabetic peripheral neuropathy, 
diabetic retinopathy and diabetic kidney disease (27,28). 
There are also evidences that inflammation may play a 
key role in occurrence of microvascular complications 
This result shows us that NLR and MHR should be used 
as inflammation markers in patients using empagliflozin. 
(24,29,30). In addition, oxidative stress plays a strong 
role in the pathogenesis of diabetic complications (31). 
In the study of the effect of empagliflozin on diabetic 
microvascular complications, Eid et al. (32) did not find 
any effect on neuropathy in T2DM subjects. In the study 
of Mehta et al. (33) patients using empagliflozin did not 
detect any difference in the improvement of diabetic 
neuropathy when compared to patients using other oral 
antihyperglycemic drugs. In our study, we did not find any 
changes in the biochemical and hemogram parameters 
of diabetic neuropathy patients using empagliflozin in 
accordance with the literature.

CONCLUSION
Empagliflozin’s decrease in NLR and MHR in type 2 DM 
patients shows that it provides anti-inflammatory activity 
in these patients 

Limitation
This study has some limitations.

1. It is not known that the patients took antidiabetic 
drugs regularly before empagliflozin

2. Whether the drug use is regular after empagliflozin 
treatment

3. Failure to evaluate diabetic neuropathic complaints 
and findings after empagliflozin
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ABSTRACT
Aim:  To examine lipid profile and monocyte to high density lipoprotein ratio ratio (MHR) values in stable chronic obstructive 
pulmonary disease patients. 
Material and Method: Patients admitted to our hospital with the diagnosis of chronic obstructive pulmonary disease (COPD) 
between 01.01.2014 - 01.01.2020 were included in the study and evaluated retrospectively. According to the COPD guideline, 
two main groups were formed as A+B and C+D. Demographic characteristics, hemogram, C-Reaktif protein (CRP), albumin, 
lipid profile values were analyzed.  
Result: In our study, there were 360 cases, 293 (81.4%) of which were male. The mean age was 67.61±8.7 years. There were 162 
cases (45%) in the A+B group and 198 (55%) in the C+D group.White blood cell (WBC) , neutrophil, lymphocyte, neutrophil/
lymphocyte ratio (NLR), monocytes, hemoglobin, CRP, Albumin, high density lipoprotein (HDL), monocyte to HDL ratio 
(MHR)  were found to be different at the level of statistical significance, while cholesterol, triglyceride and low density 
lipoprotein (LDL)  were not at this level of significance. When evaluated with multivariate regression analysis afterwards, it 
was observed that the statistical significance levels of MHR, CRP and albumin values continued. 
Conclusion: We think that high MHR rate, high CRP, and low albumin values in stable COPD patients may be a stimulant for 
increased disease severity.
Keywords: Albumin, CRP,  COPD, HDL, lipit profile, MHR
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INTRODUCTION
COPD is an important chronic disease, the most 
important cause of which is tobacco use, with significant 
morbidity and the 3rd most frequent mortality results all 
over the world. According to the global iniative for chronic 
obstructive lung disease (GOLD) 2021 guideline, it is 
divided into A, B, C, D groups from mild to severe clinical 
according to the Unified COPD assessment determined 
according to symptoms and exacerbation history (1). The 
lower the fev1 value, which is the respiratory function 
parameter, is detected in COPD patients, the higher the 
mMRC and CAT values, which are symptom indicators. 
There is a negative correlation between low FEV1 values 
and group C and D with advanced COPD. This means 
that FEV1 values are expected to be significantly lower in 
groups C and D. When evaluated according to the GOLD 
2021 guideline, the more advanced the COPD, the higher 

the morbidity and mortality is expected according to the 
combined COPD assessment consisting of symptoms and 
exacerbations (1,2). COPD is a systemic inflammatory 
disease and may be associated with many diseases, 
especially cardiovascular diseases (1).

In case of persistence of inflammation in COPD, other 
organs may also be damaged and related diseases may 
occur (3,4). The incidence of comorbid metabolic 
syndrome and low HDL in COPD is higher than in 
normal healthy individuals (5). There are studies showing 
that HDL has antiatherogenic, antioxidant and anti-
inflammatory properties (6,7). Other lipid abnormalities 
that tend to accompany low HDL include elevated 
triglyceride levels, especially in the presence of a high 
ratio of LDL-C to HDL (6). 

https://orcid.org/0000-0003-1267-3440
https://orcid.org/0000-0001-5453-1526
https://orcid.org/0000-0002-5807-6484
https://orcid.org/0000-0002-0658-0072
https://orcid.org/0000-0003-4485-1977


261

Bulut et al. Lipid profile and monocyte to HDL ratio in COPDAnatolian Curr Med J 2022; 4(3); 260-264

Monocytes are a cell type that increases the inflammatory 
process and may be associated with increased oxidative 
stress (8,9). Considering the relationship of both 
monocytes and HDL with inflammation, there are 
studies showing that the MHR ratio may be an indicator 
of systemic inflammation (10,11) 

There are limited studies in the literature examining 
the relationship between COPD lipid profile and there 
are conflicting results in the relationship between 
monocyte/HDL ratio, HDL and other lipids, airway 
restriction and disease severity in COPD (11-16).

For this purpose, our primary aim in our study is to 
separate the COPD groups as A+B and C+D groups 
and to analyze the lipid profile and MHR data in terms 
of their relationship with disease severity and their 
ability to be a biomarker. Additionally, to examine 
demographic data, clinical characteristics and other 
laboratory data. 

MATERIAL AND METHOD
Patients who applied to our hospital with the diagnosis 
of COPD between 01.01.2014-01.01.2020 were 
included in the study. This study was approved by the 
Health Sciences University Keçiören Education and 
Training Hospital Clinical Studies Ethics Board (Date: 
22.03.2022, Decision No: 2012-KAEK-15/2490). All 
procedures were carried out in accordance with the 
ethical rules and the principles of the Declaration of 
Helsinki. The study group consisted of the patients 
who met the lipid panel and inclusion criteria as soon 
as the patients were evaluated in their stable periods. 
Patients were defined according to the combined 
COPD assessment classification according to the 2022 
GOLD guideline; Two main groups were formed as 
A+B and C+D groups. Demographic and clinical 
characteristics and laboratory characteristics were 
analyzed. In addition, in the context of the combined 
COPD assessment; Risk factors independent of disease 
stages were investigated.

Inclusion Criterias
COPD over 40 years of age, having a smoking history 
of at least 10 years or more; COPD stability for at 
least 1 month ; having no acute infection; basic 
demographic features, pulmonary function test (PFT), 
body mass index (BMI), hemogram, CRP, albumin 
data; cholesterol, triglyceride, HDL, LDL, hemogram, 
CRP, albumin values taken in the outpatient follow-up 
visit; not taking lipid-lowering medications; no known 
atherosclerotic heart diseases; non-diabetic; without 
malignancy; additional cases without lung diseases, 
were included in the study (Figure).

Figure. Patients flowchart

Statistical Analysis
Kolmogrow-Smirnov or shapiro-wilk test was used for 
the distribution of all numerical values. Categorical 
data were evaluated with chi-square or fisher test, if 
appropriate, and numerical data with student t test 
or man-whitney-u test, if there are 2 groups, and with 
Anova or kruskal wallis if there are more than two groups. 
Independent risk factors affecting disease severity in our 
2 main groups, which were determined as A+B group 
and C+D group, were analyzed by multivariate regression 
analysis. The model fit of the created regression analysis 
was evaluated with the hosmer and lemeshow test, and 
large values above 0.05 were considered significant. For 
all other p values in our study, values below p<0.05 were 
considered statistically significant. Analyzes were made 
using theinternational bussiness machines statistical 
package for the social sciences (IBM SPSS) 22 program. . 

RESULT
In our study, there were 360 cases, 293 (81.4%) of which 
were male. The mean age was 67.61±8.7 years. According 
to the combined COPD assessment, 37 cases (10.3%) 
were group A, 125 cases (34.7%) were group B, 20 cases 
(5.6%) were group C, and 178 cases (49.4%) were group 
D, while A+B group 162 was formed separately. cases 
(45%) and C+D group consisted of 198 cases (55%). 
As expected, the forced expiratory volume first second 
(FEV1) value was significantly lower in the C+D group 
(p<0.0001). 

When potential confounding factors that may affect lipid 
values are excluded from the study; Other conditions 
such as age, gender, smoking characteristics, BMI, and 
hypertension were found to be similar in both study 
groups. Other spirometric and clinical features are in 
Table 1. 

1926 stable COPD patients

302 malignancy
256 atherosclerotic heart disease history
48 type 2 DM
96 taking lipid-lowering medication
No 1224 lipid profile panels

Stable COPD 360 patients

A+B group 162 
cases (45%)

C+D group 198 
cases (55%)
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As seen in Table 2, WBC, neutrophil, lymphocyte, NLR, 
monocytes, hemoglobin, CRP, Albumin, HDL, MHR were 
found to be different between the groups regarding statstical 
significance, while cholesterol, triglyceride, cholesterol 
and LDL levels were not at this level of significance.

As seen in Table 3; As a result of the combined COPD 
assessment; Independent risk factors were investigated in 
terms of disease stages. First, the model fit was evaluated 
with the hosmer and lemeshow test and it was found 
to be a suitable model (chi-square=6.44, p=0.598). 
Then, MHR, CRP and albumin values were found to be 
independent risk factors (Table 3) .

Table 3. Independent risk factors in COPD groups as a result of 
multivariate regression analysis

Characteristic B p-value (95% GA) Odds 
ratio

MHR 0.064 P<0.0001 1.029-1.104 1.066

CRP 0.137 P<0.0001 1.074-1.225 1.147

Albumin -0.077 P=0.003 0.879-0.975 0.926

(Age, gender, smoking, hypertension, BMI, total cholesterol, triglyceride, HDL, LDL, 
MHR, CRP, Albumin values formed the model. The data were analyzed in terms of 
independent risk factors, including the dependent variable COPD group stages. The 
model fit was evaluated with the hosmer and lemeshow test, and it was observed as 
p=0.598 and chi-square test=6.44, indicating a good test fit.)

Table 2. Laboratory features
Characteristics Total n=360 A+B group n=162(%45) C+D group n=198(%55) Pvalue
WBC (×103/µL) 8.62±2.61 8.09±2.35 9.05±2.73 P<0.0001
Neutrophil (×103/µL) 4.07±4.28 2.9±1.72 5.03±5.37 P<0.0001
Lymphocyte (×103/µL) 1.89±0.78 2.01±0.74 1.78±0.8 P=0.006
NLR (%) 4.07±4.28 2.9±1.72 5.03±5.37 P<0.0001
Monocytes (×103/µL) 0.66±0.30 0.58±0.24 0.72±0.33 P<0.0001
hemoglobin(g/dL) 14.06±1.99 14.33±1.81 13.84±2.11 P=0.022
CRP (mg/L) 4.26±4.25 3.07±3.09 5.22±4.81 P<0.0001
Albumin (g/L) 38.91±6.54 40.66±5.19 37.48±7.17 P<0.0001
Cholesterol (mg/dL) 187.97±46.58 192.12±43.3 184.58±48.94 P=0.126
Triglyceride (mg/dL) 127.06±74.23 126±76.38 127.94±72.61 P=0.805
HDL (mg/dL) 47.57±13.87 49.59±12.68 45.91±14.59 P=0.012
LDL (mg/dL)  117.16±37.9 114.02±38.94 P=0.441
Monosit/HDL (%) 0.015±0.011 0.012±0.006 0.018±0.014 P<0.0001
WBC=leukocytes, NLR= neutrophil lymphocyte ratio, CRP= C reactive protein, HDL=high-density lipoprotein, LDL=low-density lipoprotei

Table 1: Basal features
Characteristics Total n=360 A+B group n=162 (45%) C+D group n=198 (55%) P value
Age 67.61±8.7 67.25±8.61 67.91±8.79 P=0.47
Gender P=0.062

Male 293 (81.4%) 125 (77.2%) 168 (84.8%)
Female 67 (18.6%) 37 (22.8%) 30 (15.2%)

Smoking: P=0.089
Quitted 326 (90.6%) 142 (87.7%) 184 (92.9%)
Still smoking 34 (9.4%) 20 (12.3%) 14 (7.1%)

GOLD P<0.0001
1 9 (2.5%) 8 (4.9%) 1 (0.5%)
2 119 (33.1%) 70 (43.2%) 49 (24.7%)
3 133 (36.9%) 53 (32.7%) 80 (40.4%)
4 99 (27.5%) 31 (19.1%) 68 (34.3%)

Hypertension P=0.815
Present 56 (15.6%) 26 (16%) 30 (15.2%)
Not present 304 (84.4%) 136 (84%) 168 (84.8%)

VKI (kg/m2) 25.4±4.12 25.78±4.16 25.09±4.07
<25 190 (52.8%) 86 (53.1%) 104 (52.5%) P=0.113
≥25 170 (47.2%) 76 (46.9%) 94 (47.5%) P=0.915

FEV1
Liter 1.22±0.56 1.39±0.62 1.08±0.46 P<0.0001
Percent 43.75±17.86 49.33±19.12 39.18±15.35 P<0.0001

mMRC P<0.0001
0-1 60 (16.7%) 38 (23.5%) 22 (11.1%) 
2 130 (36.1%) 86 (53.1%) 44 (22.2%)
3 90 (25%) 33 (20.4%) 57 (28.8%)
4 80  (22.2%) 5 (3.1%) 75 (37.9%)

Hospitalisation/yr 0.68±1.08 0(0%) 1.24±1.19 P<0.0001
Exacerbation/yr 2.01±2.62 0.25±0.43 3.44±2.78 P<0.0001
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DISCUSSION
In our study, we showed that high MHR rate, high CRP 
and low albumin values may be independent risk factors 
for high disease severity in our age, sex, and BMI-matched 
COPD groups. COPD is a chronic disease and the expected 
morbidity and morbidity increase with disease severity (1).

COPD is a systemic inflammatory disease and is often 
associated with comorbidities, and the persistence of 
inflammation may also lead to other diseases (3-5). In the 
study of Breyer et al. (5) in which patients with COPD and 
healthy controls and BMI of 25 and above were evaluated, 
they found the prevalence of metabolic syndrome to be 
high in the COPD group and they found a low mean HDL 
level in the copd group.

Features such as obesity and systemic steroid use may affect 
HDL values in patients with COPD (16). In this respect, 
we included patients who were in the stable period and 
did not need steroids and were matched in terms of BMI. 
In our sample group, the mean BMI was 25.4±4.12 and 
the male ratio was 80%, which is consistent with literature 
data (17-19). In addition, in our study, both groups were 
similar in terms of gender. HDL is a lipoprotein that 
carries cholesterol from non-hepatic cells to the liver. Low 
HDL values are a significant risk factor for atherosclerosis 
and cardiovascular diseases. HDL molecule shows 
antiatherogenic activity by regulating LDL oxidation. HDL 
has antiatherogenic effects as well as antioxidant and anti-
inflammatory effects, and low HDL is usually associated 
with high LDL (6,7).

Monocytes are cell types that, during inflammation, interact 
with platelets and endothelial cells to release pro-oxidant 
and pro-inflammatory cytokines, thereby causing medial 
damage to smooth muscle cells, leading to differentiation, 
apoptosis, and increased oxidative stress (8,9). For this 
purpose, we analyzed the lipid profile, MHR, crp, albumin 
and hemogram data in terms of inflammatory markers that 
may be associated with the severity of COPD in our study. 
Smoking, hypertension and BMI, which could be potential 
confounding factors and affect inflammation, were similar 
in both groups, in other words, these conditions did not 
affect our data. Conditions that are likely to affect other 
significant lipid levels, such as malignancy, type 2 diabetes, 
and systemic steroid use were excluded from the study 
(20,6). 

Smoking may also negatively affect HDL levels (21), but 
there was no difference between the groups in terms of 
smoking characteristics in our study (p=0.089). Zafirova-
Ivanovska B et al. (16) in their study, they found high 
cholesterol and LDL values and low HDL values in the 
very severe COPD group in the lipid profile results they 
evaluated in severe and very severe COPD groups, but only 
the high cholesterol value reached the level of statistical 

significance. Markelic et al. (12) In their study with COPD 
and healthy controls, they found high monocytes, high 
MHR and high HDL values in the COPD group, and they 
also found a relationship between high MHR rate and 
more airway limitation. Yakar et al. (11) In their study 
with COPD and healthy controls, they found MHR to be 
high in the COPD group, but they found that it was not 
associated with the severity of the disease in the COPD 
groups. Nillawar et al. (13) In their study with COPD and 
healthy controls, they found that there was no difference 
between lipid profile values. Can, U., Yerlikaya In their 
study, they found that the HDL value was lower in the 
COPD group compared to the healthy controls, but they 
found that there was no difference in LDL, triglyceride and 
cholesterol values (14). Sariaydin GS. (15) found in their 
study lower HDL, higher triglyceride and higher CRP 
levels in the COPD group compared to healthy controls, 
while they found similar cholesterol and LDL levels. When 
we examine the lipid profile values in our groups that we 
have divided as COPD A+B and C+D in our current 
study; We found low HDL values in the C+D group 
(p=0.012), but we found similar cholesterol, triglyceride 
and LDL levels in this C+D group (p>0.05). We found 
high monocytes (p<0.0001), low albumin (p<0.0001) and 
high CRP (p<0.0001) values in the C+D group. Leukocyte, 
neutrophil, and NLR values were also found to be high in 
the C+D group, which is consistent with the literature data 
(22, 23). When we analyzed the severity of COPD disease 
in our study group to examine the independent risk factors 
with multivariate regression analysis as seen in Table 3, we 
found that the statistical significance levels of high MHR 
rate and CRP value and low albumin values continued in 
the C+D group.

The main limitations of our study are that it is a single-
center and retrospective study. Although the BMI was 
found to be similar between the groups, the fact that the 
nutritional habits of the cases were not known is our other 
limitation. 

CONCLUSION
In our study, we think that high MHR rate, high CRP, 
and low albumin values in stable COPD patients may be 
a stimulant for increased disease severity. In our study, 
MHR, CRP and albumin values may vary in advanced 
COPD stages in stable COPD patients.

ETHICAL DECLARATION
Ethics Committee Approval: This study was approved 
by the Health Sciences University Keçiören Education 
and Training Hospital Clinical Studies Ethics Board 
(Date: 22.03.2022, Decision No: 2012-KAEK-15/2490).



264

Bulut et al. Lipid profile and monocyte to HDL ratio in COPD Anatolian Curr Med J 2022; 4(3); 260-264

Informed Consent: Since the study was designed 
retrospectively, informed consent was not obtained from 
the patients.
Conflict of Interest Status: The authors declared that 
there was no conflict of interest in this study. 
Financial Disclosure: The authors declared that this 
study has received no financial support. 
Author Contributions: All authors; declared that they 
participated in the design, execution, and analysis of the 
article and approved the final version.

REFERENCES
1. GOLD. Global strategy for the diagnosis, management, and 

prevention of chronic obstructive lung disease; 2021
2. Saymaz Z T, Çelik D, Yıldız M, Ertan Ö. The effects of D-dimer 

high rates on prognosis and mortality in chronic obstructive 
respiratory disease. Anatolian Curr Med J 2022; 4: 44-50.

3. Agust, A, Lisa D. Edwards,Stephen I, et al. Evaluation of COPD 
Longitudinally to Identify Predictive Surrogate Endpoints 
(ECLIPSE) Investigators: Persistent systemic inflammation 
is associated with poor clinical outcomes in COPD: a novel 
phenotype. PloS one 2012; 7.

4. Wang Z. L. Evolving role of systemic inflammation in 
comorbidities of chronic obstructive pulmonary disease. Chinese 
Med J 2010; 123: 3467-78.

5. Breyer M K, Martijn A. Spruit,Corrine K, et al. Prevalence of 
metabolic syndrome in COPD patients and its consequences. 
PloS one 2014; 9.

6. Assmann G, Gotto Jr A M. HDL cholesterol and protective 
factors in atherosclerosis. Circulation 2004; 109: 8.

7. Welty FK. How do elevated triglycerides and low HDL-cholesterol 
affect inflammation and atherothrombosis?. Curr Cardiol Rep 
2013; 15: 1-13.

8. Ancuta P, Wang J, Gabuzda D. CD16+ monocytes produce IL-
6, CCL2, and matrix metalloproteinase-9 upon interaction 
with CX3CL1-expressing endothelial cells. J Leukoc Biol 2006; 
80:1156-64.

9. Biswas SK. Does the Interdependence between Oxidative Stress 
and Inflammation Explain the Antioxidant Paradox? Oxid Med 
Cell Longev 2016.

10. Canpolat U, Çetin EH, Cetin S et al. Association of monocyte 
to HDL cholesterol ratio with slow coronary flow is linked to 
systemic inflammation. Clin Appl Thromb Hemost 2016; 22: 476 
82.

11. Yakar H I, Kanbay A. Could monocyte level/HDL cholesterol 
ratio predict cardiovascular diseases in patients with COPD. 
Niger J Clin PractNiger J Clin Pract 2020; 234: 450-5.

12. Markelić I,Iva H,,Dunja R, et al. Lipid profile and atherogenic 
indices in patients with stable chronic obstructive pulmonary 
disease. Nutr Metab Cardiovasc Dis 2021; 31: 153-161.

13. Nillawar A N, Joshi K B, Patil S B, Jayshree S, Suhas J. B. 
Evaluation of HS-CRP and Lipid Profile in COPD. J Clin Diag 
Res JCDR 2013; 7: 801.

14. Can U, Yerlikaya F H, Yosunkaya, S. Role of oxidative stress 
and serum lipid levels in stable chronic obstructive pulmonary 
disease. Journal of the Chinese Med Assoc 2015; 78: 702-8.

15. Gunay S, Sariaydin M, Acay A. New predictor of atherosclerosis 
in subjects with COPD: atherogenic indices. Respir Care 2016; 
61: 1481-87.

16. Beti Z-I, Jagoda S, Dejan D, et al. The level of cholesterol in 
COPD patients with severe and very severe stage of the disease. 
Open access Macedonian J Med Sci 2016; 4: 277.

17. Özkan S. Risk assessment and rate of readmission within 30 
days of discharge after hospitalization for acute exacerbation of 
chronic obstructive pulmonary disease. Tuberk Toraks 2021; 69: 
328-37.

18. Melih B, Gulru P, Hulya Ş, et al. Does the benefit from pulmonary 
rehabilitation differ between phenotypes in chronic obstructive 
pulmonary disease? Eurasian J Pulmonol 2021; 23: 32.

19. Yakar HI, Kanbay A. A new predictor to determine the 
exacerbation and treatment of chronic obstructive pulmonary 
disease: eosinophil/neutrophil ratio. Tuberkuloz Toraks 2020; 68: 
260-7.

20. Xilin Y, Wing YS, Ronald C, et al. Low HDL cholesterol, 
metformin use, and cancer risk in type 2 diabetes: the Hong 
Kong Diabetes Registry. Diabetes Care 2011; 34: 375-80.

21. Garrison RJ, Kannel WB, Feinleib M, et al. Cigarette smoking 
and HDL cholesterol the Framingham offspring study. 
Atherosclerosis 1978; 30: 17-25.

22. İn E, Kuluözturk M, Öner Ö, Deveci F. The importance 
of neutrophil-to-lymphocyte ratio in chronic obstructive 
pulmonary disease. Turkish Thoracic J 2016; 17: 41.

23. El-Gazzar AG, Kamel M H, Elbahnasy OKM, El-Naggar MES. 
Prognostic value of platelet and neutrophil to lymphocyte ratio 
in COPD patients. Exp Rev Respir Med 2020; 14: 111-6.



ANATOLIAN 
CURRENT MEDICAL Anatolian Curr Med J 2022; 4(3); 265-272

Original Article

This work is licensed under a Creative Commons Attribution 4.0 International License.

DOI: 10.38053/acmj.1085530

Received: 10.03.2022 Accepted: 13.05.2022Corresponding Author: Müjgan Gürler, drmgurler@gmail.com

A new era in fundamentals of bone homeostasis: 
biocompatibility of bone mineral doped fluoride ions with 
osteoblast cells in the balance of calcium and phosphate 
metabolism

Müjgan Gürler1, Büşra Moran Bozer2

1Abant İzzet Baysal University, Faculty of Medicine, Department of Internal Medicine, Bolu, Turkey
2Hitit University, Scientific Technical Application and Research Center, Çorum,Turkey

Cite this article as: Gürler M, Moran Bozer B. A new era in fundamentals of bone homeostasis: biocompatibility of bone mineral doped 
fluoride ions with osteoblast cells in the balance of calcium and phosphate metabolism. Anatolian Curr Med J 2022; 4(3); 265-272.

ABSTRACT
Aim: The use of biocompatible bone tissue grafts, filling materials, bone minerals, and implants, particularly in medicine and 
dentistry studies, has expanded significantly in recent years, as have expectations from the materials. We aimed to test the 
biocompatibility and wound and tissue biocompatibility of many grafts and similar materials used in medicine and dentistry 
with tests such as cytotoxicity, scratch assay, cell adhesion, and hemolysis.
Material and Method: In this study, the interaction of fluorine ions with a dental material was investigated by biological 
activity experiments. In addition, studies were carried out on important osteoblast cells for tissue regeneration control. For this 
process, cell migration analysis, which we do not encounter frequently in the literature, was used to examine the interaction of 
cells with biomaterials more sharply.
Results: Flor ions do not create a cytotoxic effect and also increase the viability of osteoblasts which is important for tissue 
regeneration and are bone precursor cells.
Conclusions: In this study, in which the efficiency of osteoblast cells was discussed, it was concluded that 2% fluorine added 
material had more effective biological results compared to the increase in fluorine ion ratio.
Keywords: Tooth minerals, hydroxyapatite, osteoblast, cell migration, hemolysis
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INTRODUCTION
The use of biocompatible bone tissue grafts, filling 
materials, bone minerals and implants, especially in 
dentistry studies, has increased considerably in recent 
years and the expectations from these materials have 
increased proportionally (1,2). These grafts, which are 
used to repair and regenerate bone tissue; It is expected 
to have a structure that is biocompatible, has a cell 
viability-enhancing effect, has high mechanical strength, 
and triggers osteogenesis, cementogenesis and functional 
periodontal ligament formation (2). Bone grafts, 
which are used both in dentistry and in many areas of 
medicine, are divided into many groups as autogenous 
bone allografts, xenografts and alloplastic grafts in order 
to induce bone tissue regeneration or to make implants 
more compatible. Hydroxyapatites, the primary mineral 
compound of bone, which is in the alloplastic group and 

whose use has increased in recent years, is the group 
that provides advantage in its design and application 
with its compatibility and positive results with different 
mineral additives (3-7). In the process of bone fractures, 
injuries and regeneration; The osteoinduction process 
is the process of differentiation of mesenchymal stem 
cells into osteoblasts, one of the bone precursor cells, 
and thus, osteoblast cells in the bone graft provide a 
three-dimensional skeleton for vascularization and 
cell migration. As the rate of osseointegration, which 
is a direct structural and functional link between living 
bone and the surface of the designed implant or graft, 
increases, the biological compatibility also increases (8). 
Osteogenesis occurs by mesenchymal stem cells and their 
differentiation by osteoblasts, and thus bone formation is 
stimulated (9).

https://orcid.org/0000-0001-9532-824
https://orcid.org/0000-0002-7280-4417


266

Gürler et al. Biocompatibility of bone mineral doped fluorine ions with osteoblast cells Anatolian Curr Med J 2022; 4(3); 265-272

While there are osteoblasts, osteoclasts, and bone lining 
cells outside the bone tissue, there are osteocytes in the 
mineralized interior (10). They are fully differentiated 
cells responsible for the production of the bone matrix, 
secreting collagen type I and non-collagenous proteins 
of the bone matrix by osteoblast cells. Osteoblasts are 
also extremely important cells for bone, responsible for 
the production of factors that affect the differentiation 
and function of osteoclasts (11). Hydroxyapatite, which 
is frequently preferred in alloplastic grafts with hydroxyl 
ions (OH-) in its chemical structure and consisting of high 
carbonate ions, also serves as a three-dimensional skeleton 
in dentin tissue regeneration and repair (12). Increasing its 
effectiveness with different additives shows that it can be 
used in different areas (13). In this study, Hydroxyapatite 
was added with fluoride and its compatibility with cells, 
its effect on cell migration, and its biocompatibility for 
human use were evaluated. For this purpose, cell viability 
analysis according to the 10993-5 standard, cell migration 
to evaluate the progression potential of cells, and 
hemolysis tests to evaluate their interaction with blood 
was performed. In addition, the adhesion of the cells to 
the biomaterial surface was examined with a scanning 
electron microscope.

MATERIAL AND METHOD
Chemicals and Reagents
Osteoblast cell, 25 cm2 and 75 cm2 cell culture flasks, 96 
well plates, serological pipettes and other plastic materials 
(Corning, NY, USA). DMEM, Dulbecco Modified Medium 
(DMEM) L-glutamine, Penicillin-streptomycin (PS), fetal 
bowine serum (FBS), and Trypsin-EDTA (Biological 
Industries Ltd. Kibbutz Beit Haemek, Israel).

Characterization of F- Doped HAp
Cell culture: After the cells previously frozen in the liquid 
nitrogen tank were thawed at 37°C in a short time, they 
were transferred to a 15 mL falcon tube in a sterilized Class 
II cabinet, and some medium was added. The prepared 
falcon was centrifuged at 2500 rpm for 2 minutes to allow 
the cells to collapse. After the supernatant was discarded, 
3 mL of DMEM medium (containing 10% FBS, 1% PS) 
was added to the falcon, and after it was homogenized, it 
was cultivated into 25cm² and 75cm² flasks. The cultivated 
flasks were incubated at 37 °C in a 5% CO2 incubator. 
After the cells were 80% confluent, they were passaged at 
least three times and prepared for the MTT cytotoxicity 
test and wound healing tests. After cell analysis, osteoblast 
cells were implanted on the surface of the material and the 
frequency of cell attachment was tried to be determined by 
imaging with a scanning electron microscope (14).

Preparation of extracts: EN ISO 10993-12 is used for 
extraction of medical devices and biomaterials. In this way, 

it is known that the properties of the materials pass into 
the extraction liquid when the materials that cannot be 
applied directly on the cell come into contact with suitable 
liquids at suitable temperatures under certain conditions. 
Extraction of test materials as specified in ISO 10993-12, 
the guideline for biological characterization testing of 
medical devices and materials requiring biocompatibility; 
It was incubated at 37°C with 1X DMEM for 24 hours, 
corresponding to 0.1 g/mL. Then, a suitable sterilization 
was performed to remove the possibility of possible 
contamination and material residue and to remove it 
from the environment. 10% FBS, 1% ps (penicillin/
streptomycin) and 1% L-glutamine were added to the 
extract medium and made ready for testing. The prepared 
extract was used within 24 hours. The prepared extract 
directly represents the sample according to the standard 
and is named as 1/1(full) concentration.

Cytotoxicity assay: After the cells previously frozen in 
the liquid nitrogen tank were thawed at 37°C in a short 
time, they were transferred to a 15 mL falcon tube in a 
sterilized Class II cabinet, and some medium was added. 
The prepared falcon was centrifuged at 2500 rpm for 2 
minutes to allow the cells to collapse. After the supernatant 
was discarded, 3 mL of DMEM medium (containing 10% 
FBS, 1% PS) was added to the falcon, and after it was 
homogenized, it was cultivated into 25 cm² and 75 cm² 
flasks. The cultivated flasks were incubated at 37 °C in a 
5% CO2 incubator. After the cells were 80% confluent, 
they were passaged at least three times and prepared for 
the MTT cytotoxicity test and wound healing tests.

Scrach assay (cell migration): This test method is a useful 
in vitro method to detect cell migration. Cell migration 
and spreading abilities of osteoblast cells were evaluated 
using a scratch wound assay that measures the expansion 
of a population of cells on surfaces. Cells were seeded in 
24-well cell culture dishes at 2.5×105 cells/mL, incubated 
at 37 °C for 24 hours. After the cells were confluent and 
covered the plate, a linear wound sample was created on 
the layer in one go with a sterile 100 µl plastic pipette 
tip, the plates were washed 2 times with PBS (phosphate 
buffered saline) to remove the raised cells and media 
residue. As the control group, only the medium prepared 
with DMEM and the extract of the material (1/1 (100%)) 
as the test substance were applied and incubated at 37 °C 
containing 5% CO2. While the created scar was incubated 
for 24 hours, the wound areas were photographed at 0, 12 
and 24 hours.

Hemolysis test: To assess the blood compatibility of the 
samples in the test groups, they were incubated in a tube 
with Mg/Ca Free PBS at 10.2 g/mL for 24 hours below 37 
°C as specified by ISO-10993-12. Equal volumes of blood 
were collected from 3 donors in 0.13 M citrate tubes and 
7 mL of extraction liquid for each test sample was divided 
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into tubes. The standard curve, the constant F (calibration 
coefficient) was determined for all products by dilution 
of the hemoglobin standard. The required hemoglobin 
concentration for the test is specified as 10±1 in the standard. 
In the present experiment, the concentration value of 
hemoglobin was calculated as 9.8. For each sample, 7 mL 
of extract was added to 1 mL of blood and incubated at 
37°C for 3 hours. Blood and control groups interacting 
with the sample were centrifuged at 700-800 G for 15 
minutes. The supernatant plasma and drabkin are mixed 
at a ratio of 1:1 and measured in a spectrophotometer at 
540 nm after 15 minutes of incubation (15).

Statistical Analysis
All experiments were performed in triplicate. Data were 
analyzed using one-factor analysis of variance to determine 
equality of population means and Student’s t-tests were 
performed between respective populations where P< 0.05 
was considered statistically significant.

RESULT 
Biological Activity 
Biomaterials, which enable living tissues in the human 
body to perform their functions or restructure, are used not 
only as implants and prostheses, but also in extracorporeal 
devices, diagnostic purposes, and wound treatment (16). 
Some biomaterials are also included in the medical device 
class, and in order for these biomaterials to be suitable for 
human use, they should not be toxic and carcinogenic at 
first, depending on the characteristics of the target area 
to be used; it should be mechanically durable and non-
corrosive and should not cause reaction other than routine 
reactions of the body (17). For all these requirements, there 
is the “EN ISO 10993-1: Biological Evaluation of Medical 
Devices Part 1- Evaluation and testing” standard, which 
is accepted in all countries of the world. In our study, we 
carried out biological activity tests by taking this standard 
and the standards it references as a guide.

Cytotoxicity Assay

The most important parameter for the use of the material 
is its suitability for human use, and in vitro cytotoxicity 
testing under laboratory conditions is the first and most 
important step for this suitability. In this experimental 
system designed on the effect of drugs or materials applied 
on cells on cell viability, application materials that do not 
affect the viability of cells, do not reduce them below 70% 
or increase viability are found suitable for use in vitro. 
In this test method, “EN ISO 10993-5: Extracorporeal 
cytotoxicity tests” standard was taken into consideration. In 
its qualitative evaluation, the effect of extracts on cells was 
examined microscopically. MTT cytotoxicity assessment 
was done both quantitatively and qualitatively. Qualitative 

evaluation results are indicated in Table 1. Quantitative 
evaluation results are shown in Table 2. Calculation of the 
% vitality was made using the equation below.

Table 1. Qualitative morphological grading of the cytotoxicity of 
the extracts 
Test 
material Reaction Status of cultures

Negative 
control 0 Discrete intra-cytoplasm granules, no cell 

destruction, no decrease in cell proliferation
Positive 
control 4 All or almost all of the cell layers were 

destroyed

1 F (1/1) 0 Discrete intra-cytoplasm granules, no cell 
destruction, no reduction in cell proliferation

2 F (1/1) 0 Discrete intra-cytoplasm granules, no cell 
destruction, no reduction in cell proliferation

3 F (1/1) 0 Discrete intra-cytoplasm granules, no cell 
destruction, no reduction in cell proliferation

Table 2. %Hemolysis values of 1F, 2F and 3F samples after 
application

Groups Abs 
(540 nm) SHC % 

hemolys Color Clarity Particulates 
present

Negative 
control 0.0474 0.0267 0.2645 Colorless Clear No

1 F 
extract 0.0482 0.0271 0.2710 Colorless Clear No

2 F 
extract 0.0545 0.0298 0.3018 Colorless Clear No

3 F 
extract 0.0508 0.0267 0.2921 Colorless Clear No

1 F direct 
contact 0.0483 0.0267 0.2605 Colorless Clear No

2 F direct 
contact 0.0552 0.0327 0.3176 Colorless Clear No

3 F direct 
contact 0.0496 0.0293 0.2774 Colorless Clear No

Positive 
control 1.7018 0.1927 18.672 Colorless Red No

Cell viability %=Optical Density, OD570 sample/Optical 
Density, OD570 (control) ×100

Accordingly, while the negative control did not show any 
toxic effect on cells (0), natural rubber used as a positive 
control showed a high degree of toxicity as expected (4). 
When the cytotoxic effect of the sample extracts was 
examined, it was evaluated as zero because it was not seen 
as toxic (0). There was no decrease in cell destruction 
and cell proliferation. All details can be seen in Table 1. 
According to the standard used, a rating value greater 
than (2) as indicated in Table 1 is considered a cytotoxic 
effect. “TS EN ISO 10993-5 /C MTT Cytotoxicity Test” 
is used as a quantitative evaluation method and the 
results are evaluated statistically. Figure 1 also shows 
the results obtained from the negative and positive 
controls used, and it is seen that the test validity criteria 
are met. In this experiment, the effects of 1/1 to 1/64 
dilutions of the sample extract on osteoblast cells were 
investigated. The viability obtained from the 1, 2 and 3 
% F doped samples were determined as 141.45±1.46, 
153.30±4.49 and 142.82±6.46 for osteoblast cells, the 
immature cell type (bone cell precursor), with complete 
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dilution (1/1) of the samples. Each sample was seeded to 
evaluate the osteoblast cell adhesion status. As a result 
of this cultivation process, cell entities were examined by 
scanning electron microscopy. The visuals of the analysis 
in which the status of the cell assets according to the 
contribution rate are evaluated are shown in Figure 2.

Sample
Concentration

1F 2F 3F
% ± % ± % ±

1 141.45 1.46 153.30 4.49 142.82 6.46
1/2 134.59 3.25 143.27 1.93 140.09 1.49
1/4 134.51 5.51 143.13 1.19 138.20 1.75
1/8 122.01 2.41 146.74 3.60 143.89 6.18

1/16 118.66 1.55 142.72 1.84 139.16 4.74
1/32 110.81 0.13 121.18 4.05 111.04 1.16
1/64 99.86 5.08 101.26 1.22 99.91 3.03

Figure 1. Percent cell viability value graphs of Osteoblast cells after 
24 hours of application. The application was made between 1/1 (full 
concentration) and 1/64 concentration range

Figure 2. Fluoride-doped cell migration and wound closure analysis 
on osteoblast cell. (The areas marked at 0 hour are the areas where 
the wound was formed, and the areas where the cells 12 and 24 were 
migrated and the wound was closed are shown in the circle.)

Osteoblast cells, which are the immature support cells 
that are the precursors of the bone cell, are the cell 
group preferred in this study because of their potential 
to transform into immature bone cells and their high 
metabolic activity. Osteoblast cells are involved in the 
formation and regeneration of bones (18-21).

Osteoblasts are bone cells that are primarily responsible 
for synthesizing bone matrix proteins and minerals 
during early bone formation in the embryo, but also 
control bone formation and mineralization throughout 
life. Since they are located in areas of high metabolism 
where new bone formation occurs, the results of 
osteoblast cells were carefully examined in the study 
content. The cell analysis results obtained according to 
all three F ratios were found to be well above the 70% 
value defined for viability in the EN 10993-5 standard. 
This result showed that it is a product that supports 
cell proliferation effectively and has been interpreted 
as producing a matrix covering the old bone surface, 
leading to the formation of new bone cell layers and 
mineralization of the bone to regulate the balance of 
calcium and phosphate ions in the developing bone.

The increase in osteoblast cell presence increases both 
maturation and mineralization of the extracellular 
matrix. When the cell viability values were carefully 
examined, it was concluded that the cell viability 
values of the 2% F added sample had a statistically 
significant difference. As observed in a previous study, 
in the fluoride doped Hydroxyapatite medium, cell 
proliferation increased according to the doping ratio 
and decreased after the critical value. Similarly, the 
rate of 2% was determined as the most effective rate 
in this study. This finding helped us to conclude that 
the produced biomaterial could be well correlated with 
the feasibility study. According to the viability values 
obtained, a significant increase in cell viability and a 
decrease after a certain value were obtained with the 
increase in fluoride supplementation. The common 
result for all three contribution ratios is positive 
contribution to cell proliferation. Consistent with a 
study by Erdem et al. (7)  it was concluded that fluoride-
doped HAp ceramics did not cause toxic effects. At 
the same time, it is thought that these different ratios 
determined in the study content are sufficient values 
to examine the effect on the differentiation of primary 
osteoblast cells.

According to the contribution ratio, different results were 
obtained in osteoblast cell viability values. Although the 
cell viability value seems quite good in all three values, 
this value is at a better point for 2%. This shows that 2% 
F additive will contribute more to the remineralization of 
demineralized bone. Increasing the F ratio improved the 
osteogenic potential of these samples, as expected.



269

Gürler et al. Biocompatibility of bone mineral doped fluorine ions with osteoblast cellsAnatolian Curr Med J 2022; 4(3); 265-272

Hydroxyapatite, which has been used for bone 
development in dentistry and orthopedics for many 
years, is an inorganic component in bones and teeth and 
has a very similar structure to biomineralized tissues (22). 
It is stated that especially ion-added coatings are a good 
alternative to reduce implant infections. In addition, 
it is suggested that hydroxyapatite coatings containing 
fluoride, silver, etc. ions on implants can effectively 
inhibit bacterial adhesion and growth without affecting 
the activity of osteoblasts and epithelial cells (23-25). The 
cell study results obtained from the product in question 
help to conclude that hydroxyapatite will be an effective 
dental treatment material when its known antibacterial 
properties are considered. The test results show that 
the synthesized 1.2% and 3% F doped materials are 
biocompatible. It was also found that the test material 
showed no toxic effects on osteoblasts (bone precursor 
cells). The test results show that there will be no toxic 
effects if the sample is used in the body, or if it is broken/
cracked out from the area to be applied, or if it is used as 
a drug synthesis substance.

The periosteum is a thick layer that surrounds the bone 
from the outside and is rich in collagen fibrils and 
fibroblasts. The inner layer contains osteoprogenitor 
cells (26). In the test results, it was determined that this 
structure of bone tissue increased the viability of 2% F 
material by 50% more in addition to normal proliferation. 
This means that the synthesized material can heal quickly 
on the outside in the repair of bone tissue, due to the 
rapid adaptation and support to the bone. Osteoblasts 
are present in 4-6% of bone tissue (27,28). Cytotoxicity 
results show that the material in the osteoblast is non-
toxic, does not inhibit viability, and causes excessive 
proliferation. Thus, if the material is applied, osteoblasts 
will continue their normal biological functions and will 
not disrupt their natural structure.

Ramises et al. (29) and Chen et al. (30) reported that the 
use of titanium implants coated with HA had a viability-
enhancing effect, while HA nanoparticles did not have 
a negative effect on cell viability. has also been shown 
by. In our study, HA did not have a cytotoxic effect and 
increased cell viability with fluoride supplementation. 
This shows that HAs doped with fluoride can also be used 
in different fields.

Student’s t-tests were conducted between populations of 
interest, with P<0.05 considered statistically significant. 
Statistical significance for 1/1 concentration for cell line 
written in Table shown together with Figure 1’s captions. 
P value; P 0.213929711>α (0.05) (1F-2F), 0,020677283 
<α (0.05) (1F-3F) and 0.123522342>α (0.05) (2F-3F).
According to or by means of statistics, the most significant 
increase in cell viability was at 2% F. 

Scratch Assay (Cell Migration) Test
One of the most important steps in wound healing is 
the migration of cells to the wound area, proliferating 
and initiating tissue restructuring. Instead of in vivo 
methods for wound healing, in vitro methods are more 
preferred in the early stages of synthesis in terms of low 
cost, animal welfare and fast results. This method is based 
on the creation of an artificial cavity by scraping on the 
confluent cell monolayer. The cells remaining at the edge 
of the wound cavity due to the effect of the applied drugs 
or materials move towards the opening to close that gap 
(in vitro wound model) and have the capacity to close 
the opening. The method is simple to implement and 
offers several advantages: (I) it mimics cell migration to 
some extent in vivo, and (II) is suitable for studying the 
regulation of cell migration by the extracellular matrix 
(ECM) and cell-cell interactions (31). The size of the 
wound cavity formed is scaled by SEM and the migration 
of cells into the cavity is recorded. In vitro wound healing 
and cell migration were calculated by measuring the areas 
from which field images were taken, using ImageJ, an 
open source image processing program. Calculations for 
osteoblast (Figure 2) cell groups are shown in detail.

The visuals and occlusion rates obtained as a result of the 
cell migration study performed in the light of these data 
are shown in Figure 2. Closure rates were recorded at the 
end of the 6, 12 and 24 hour periods. It was observed that 
for the best closure rate at these times, it clearly belonged 
to 2% F. The values obtained for 1 and 3 % F were recorded 
similarly to each other. At the end of the 24-hour period, a 
significant difference is obtained in each of the 3 additive 
ratios compared to the control group, but the 2% F closure 
rate in the 6 and 12 hour periods is remarkable. Considering 
the importance of the first 6 hours for compliance in 
dental operations, the presence of cells in the first hours is 
important. For this reason, the result obtained in the first 6 
hours was considered valuable and it was concluded that the 
2%F ratio was more effective. The capacity of filling the gap 
and cell migration in Osteoblast cells of the 2% F doped test 
samples improved compared to the control group. It was 
also observed that after 24 hours the cells became identical 
to the non-wound areas (their original state). Although 
the cell migration of the 1% and 3% F-added test materials 
also improved compared to the control group, it was found 
that the increase did not make a statistical difference for 
the two of them, but increased continuously compared to 
the control group. This indicates that the applied samples 
induce cell migration. Osteoblasts have Platelet Derived 
Growth Factor (PDBF) receptors, thus playing a role in 
cell division and chemotaxis of applied materials (32). It is 
thought that the finding of in vitro wound closure and cell 
migration of the applied materials is by this mechanism. 
Considering the developments in osteoblast cells and 
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wound healing potential of the materials planned to be 
used in bone tissue treatment, the promising potential of 
the examined materials in bone damage can be mentioned. 
The fact that the material has wound closure potential 
shows that both the cells adapt to the material and the 
effectiveness of the material is fast. It is predicted that if it is 
used in the clinic for patient health and comfort, it will save 
time and provide success in treatment.

Cell Adhesion

It is extremely important that the materials to be placed in 
the body can interact with the tissues, establish a bond with 
the tissue area where they are implanted, and be integrated. 
The adhesion of the cells to the prepared biomaterials 
causes the formation of cell layers and their integration with 
the tissue over time. Thus, it will begin to participate in the 
normal flow of the body as well as receive support from the 
material. Although cell adhesion or non-adhesion differs 
according to the area planned to be used, the interaction of 
the material with the cell will contribute to the bone tissue 
in our study. For this reason, cell adhesion to materials 
is one of the important points. Since non-biocompatible 
materials are generally not preferred by cells and cause 
cell death in contact, the adhesion of cells increases the 
probability that a material that is biocompatible in vitro 
will also be compatible in in vivo tests. It is planned that 
the synthesized fluoride added materials will be used to 
eliminate and treat bone tissue damage. For this reason, 
with the cell adhesion test; Scanning Electron Microscope 
(SEM) examination was performed as an indicator of cell 
morphology status and evaluation of proliferation potential. 
Osteoblasts grown on fluoride-doped hydroxyapatites 
are morphologically diverse, usually cubic, round or flat, 
cylindrical, and 20~50 μm in diameter. Cell sizes in the 
images obtained in SEM analysis are around 10-40 μm 
(Figure 3). The growing osteoblasts appeared to form a 
thin, single layer of squamous cells on the surface of the 
biomaterial. At the same time, it was observed that highly 
fibroblast-like and partially round cells were attached to the 
material by cytoplasmic extensions. As such, osteoblasts 
have a dendritic and flat morphology. Scanning electron 
microscope images also show close intercellular contacts. 
It shows that two cells are interconnected to form a dense 
layer of flat and spinocellular cells (33). Cell studies, as 
well as the antibacterial properties of hydroxyapatite, the 
presence of extracellular matrix proteins and a growth 
image helped us to demonstrate its osteoinductive and 
osteoconductive properties well (34). Although the cell 
presence observed in this study is considered promising 
for the formation of bone nodules, it does not preclude the 
need for future in vivo studies to support this assessment. 
Cell presences were seen in each of the images obtained 
from osteoblast cells grown on these three biomaterials. 
Consistent with the cytotoxicity results, cell adhesion was 

evaluated to be higher at the 2% additive rate compared to 
the additive rate. This study evaluated the biocompatibility 
and mineralization ability according to the increase in 
fluoride additive ratio. According to the results obtained, 
although all three biomaterials were evaluated as suitable as 
hard tissue repair material, it was concluded that the cells 
were overexpressed at the 24th hour of the experiment, 
especially in the areas where 2% F added samples were 
applied. This suggests that if the implant to be applied to 
the bone tissue is covered with material, it will result in 
an increase in bone precursor cells and the corresponding 
implant will provide a rapid adaptation to the body. It is 
also promising because the cytoskeleton prepared with 
2% F doping level for bone tissue engineering will adapt 
quickly and support the formation of new tissue.

Figure 3. SEM images of fluorinated materials on which cells were 
applied (arrows indicate adherent cells). (Scale bar 50µm)
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Hemolys Test

After the medical device or material is produced, the 
material must be subjected to some tests according 
to its intended use. In order to ensure the safety of the 
material used in devices that come into contact with 
blood (such as vascular prostheses), the compatibility of 
the synthesized material with blood should be evaluated. 
Hemolysis testing is required for all devices and device 
materials, except for materials that come into contact 
with intact skin and/or mucous membranes. The general 
principle of the test is to measure the damage of red 
blood cells exposed to the substance. Although there are 
many studies on the mechanism of hemolysis, there is no 
clear information on how exactly it occurs (35). For this 
reason, if the material to be used affects the mechanism 
hemolytically, it is not possible to intervene and repair it. 
The breakdown of red blood cells in the blood can cause 
both the normal flow of blood to change and the increase 
in erythrocyte production in the bone marrow, leading 
to enlargement of the bone marrow. For all these reasons, 
it is desired that the materials to be applied should not 
have a hemolytic effect. The application steps of the 
test as well as the material and method are specified in 
the 8th article. The test method applied is “TS EN ISO 
10993-4 Biological evaluation of medical devices - Part 
4: Selection of blood interaction tests” standard. It is 
valid because the test acceptance criteria specified in the 
standard are met. The experimental results obtained show 
that the sample does not have a hemolytic effect due to 
the absence of a value greater than 5% at the Hemolytic 
index levels given in Table 1. has been tested and the test 
results reveal that no hemolytic effect was observed in 
either case. However, in such a case, it is recommended 
to perform other (blood-interacting) tests such as 
coagulation, platelet, hematology and complement. The 
hemolytic index calculation results are tabulated in Table 
2, and it was determined that both the extracts and the 
direct interactions with the blood of HAp samples with 
F partial substitutes produced in this study did not show 
any hemolytic effect in both cases (Table 2). In this way, 
this material does not show a hemolytic effect in case 
of any interaction with the blood in the targeted area. 
However, in such a case, it is highly recommended to 
perform other tests.

CONCLUSION
When the biological activity tests were evaluated, it was 
observed that the results of all tests (cytotoxicity, scratch 
assay, cell adhesion and hemolysis) were consistent with 
each other. It has been determined that the applied 
materials do not have a cytotoxic effect, and they also 
support the increase of the viability of osteoblasts, which 
are bone precursor cells. In particular, it was determined 

that 2% F has no toxic effect and increases cell viability by 
50%, the rate of wound closure in the scratch assay test is 
higher than other materials, and it tends to close the area 
completely after the 12th hour and supports the complete 
closure of the wound area at the end of 24 hours. 1, 2, 
3 F added materials have no hemolytic effect; indicates 
the suitability of contact with the skin or blood vessels. 
It is found that 2% F is suitable for use in materials 
evaluated in vitro. In order for human use to be possible, 
in vivo studies in which all body system functions can be 
evaluated, and cell increase and growth factors such as 
PDBF (Platelet Derived Growth Factor), EGF (Epidermal 
Growth Factor), FGC (Fibroblast Growth Factor), VEGF 
(Vascular Endothelial Growth Factor) It is recommended 
to examine the effect on support elements such as 
collogen type I and collogen type III. 
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ABSTRACT
Introduction: The mortality related to coronavirus disease-2019 (COVID-19) develops due to hyper immune response in 
most of the patients. The use of corticosteroids (CS) is reported to be effective in decreasing mortality and maintaining a 
better prognosis but the results of some studies are against the use of CS due to delayed virus clearing, adverse effects, and 
insignificant effect on clinical course and outcome. We aimed to evaluate the effect of CS use in hospitalized COVID-19 
pneumonia patients on clinical course and mortality.
Material and Method: Demographic and laboratory data, history for CS treatment, need for oxygen support, duration of hospitalization 
and/or ICU follow up, and mortality of inpatients with COVID-19 pneumonia treated between 15.03.2020 and 15.06.2021 at Sultan 
2. Abdülhamid Han Training and Research Hospital were collected. The whole cases were divided into two groups as CS group (who 
were given CS) and the control group (who did not receive CS). All parameters were compared between the two groups. 
Results: A total of 185 patients (122 CS group and, 63 control group) were included in the study. The patients in the CS group 
were younger than the controls (median age was 63 (30-91) years and 71 (34-91) years respectively, p<0.001). In the CS group 
compared to controls, the number of cases followed in ICU and intubated was lower (55 [45.1%] cases vs. 53 [84.1%] cases, 
p<0.001 and 40 [32.8%] cases vs. 53 [84.1%] cases, p<0.001, respectively) but, the time for ICU and hospital stay was longer 
(13 [1-32] days vs.6 [1-29] days, p<0.001 and 11 [5-44] days vs. 9 [4-35]days, p=0.005, respectively). The number of cases who 
died was less in the CS group compared to controls significantly (35 [28.7%] cases vs. 53 [84.1%] cases respectively, p<0.001). 
Conclusion: CS treatment may be related to better prognosis and less mortality in COVID-19 pneumonia inpatients although 
it may prolong the time for ICU follow up and hospitalization.
Keywords: COVID-19, pneumonia, corticosteroid, mortality
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INTRODUCTION
The mortality due to coronavirus disease-2019 (COVID-19) 
was explained by multi-organ failure developed as a 
result of severe hyper immune response named “cytokine 
storm” in most of the patients (1,2). The idea for the use 
of corticosteroids (CS) in management of hospitalized 
COVID-19 patients was supported by the information 
from previous studies that it might have beneficial effects in 
overcoming both hyper inflammation and adult respiratory 
distress syndrome (ARDS). The use of CS is reported to be 
effective on decreasing mortality and resulting in a better 
outcome (3-10). In contrast, some studies reported that 
CS use was associated with delayed virus clearing and 
did not improve survival, reduce hospitalization duration 
or intensive care unit (ICU) admission rate and/or use 

of mechanical ventilation (11,12). In this retrospective, 
observational study we aimed to evaluate the effect of CS 
use in hospitalized COVID-19 pneumonia patients on 
clinical course and mortality. 

MATERIAL AND METHOD
Adult inpatients aged over 18 years, treated for COVID-19 
pneumonia in the Sultan 2. Abdülhamid Han Training and 
Research Hospital between 15.03.2020 and 15.06.2021 were 
included in the study. COVID-19 pneumonia was diagnosed 
based on polymerase chain reaction (PCR) positivity in 
nasopharyngeal swab or lower respiratory tract samples 
and radiological findings consistent with COVID-19 

Our research’s data was presented in 9. International Medicine and Health Sciences Congress as ‘Oral Presentation’ on March 2022.
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pneumonia on chest computed tomography (CT). This 
study was approved by Ümraniye Training and Research 
Hospital Clinical Researches Ethics Committee (Date: 
27.05.2021, Decision No: B.10.1.TKH.4.34.H.GP.0.01/179). 
All procedures were performed adhered to the ethical rules 
and principles of the Helsinki Declaration. The following 
data were obtained from the hospital’s medical records: Data 
on demographic information, smoking status, comorbidities 
(hypertension [HT], respiratory disease [chronic obstructive 
pulmonary disease or asthma], coronary artery disease 
[CAD],congestive heart failure [CHF], atrial fibrillation 
[AF], obesity, cancer, renal disease, diabetes mellitus [DM] 
and, autoimmune- neurodegenerative disease), duration of 
CS treatment, number of cases followed in ICU, duration 
of ICU stay and hospitalization, SpO2 (peripheral oxygen 
saturation) level, pulse rate, body temperature, number of 
cases intubated, cases treated with nasal, mask, reservoir 
mask oxygen and high flow nasal cannula oxygen (HFNCO), 
immunosuppression (related with chemotherapy, previous 
CS use, tocilizumab treatment and, sepsis), severity of 
COVID-19 according to oxygen need, need for oxygen 
treatment at time of hospitalization and day 1,3 and, 7 and, 
number of cases died at hospital. 

The patients were divided into two groups: those treated 
with corticosteroids, defined as CS group, and those not, 
defined as control group. The groups were compared 
in terms of demographic, clinical, laboratory data and, 
outcome. 

At the first few months of pandemics the treatment with CS 
was not included in the treatment regimen of COVID-19 
patients. The control group was consisted from inpatients 
hospitalized before the start of CS use for COVID-19 
with respiratory distress. The CS group included in-
patients treated with CS. The CS treatment was started 
when the patients suffered from respiratory distress and 
had a SpO2 level below 90% in room air at rest/on effort. 
The dose of CS was, an equivalent dose of 0.5 -1 mg/kg 
methylprednisolone/day for 5-7 days in mild cases (who 
were followed up with nasal oxygen) and 250mg-500mg/
day methylprednisolone for 3 days followed with 0.5-
1mg/kg/day methylprednisolone which was temporarily 
decreased and stopped in days/weeks according to the 
clinical severity. The clinical severity of COVID-19 was 
determined according to oxygen as follows: mild(room air), 
moderate (nasal oxygen), severe (reservoir mask oxygen) 
and, very severe (HFNCO/MV[mechanical ventilation]).

Statistical Analysis 
Patient data collected in the study were analyzed with the 
IBM Statistical Package for the Social Sciences (SPSS) for 
Windows 23.0 package program (Statistical Package for 
the Social Sciences, Chicago, IL, USA). Discrete data was 
given as frequency and percentage. The variables were not 
normally distributed so the median (range) for continuous 

data was given as descriptive value. “Mann Whitney U test” 
was used to compare the two groups. “Pearson Chi-Square 
Test” was used to compare two categorical groups. “Logistic 
Regression Analysis” was used to examine the risk factors 
for mortality and intensive care unit admission. The effect 
of CS use on survival was examined with Kaplan Meier test 
and Log Rank test. The results were considered statistically 
significant when the P value was less than 0.05.

RESULTS 
A total of 185 patients (122 CS group and, 63 control group) 
hospitalized with SARS-CoV-2 pneumonia were included 
in the study. The comparison of demographic and clinical 
features was shown in Table 1. Patients in the CS group were 
younger (median age was 63 [30-91] years and 71 [34-91) 
years, p<0.001).The distribution of both sexes was similar (79 
[64.8%] cases in the CS group and 38 [60.3%] cases in the 
control group were males, p=0.553). The smoking history was 
less frequent in the CS group (6 [4.9%] cases were current, 
7 [5.7%] cases were ex-smoker and 109 [89.3%] cases were 
none smokers in the CS group while 9 [14.3%] cases were 
current, 7 [11.1%] cases were ex-smoker and,47 [74.6%]cases 
were nonsmoker in controls, p=0.028). Among comorbidities 
obesity was more and DM was less common in CS group 
(14 [11.5%] vs 0 [0%], and, 34 [27.9%] vs. 29 [46%], p=0.003 
and, p=0.013, respectively). The median duration of steroid 
treatment was 8 (2-31) days. In CS group, the number of cases 
followed up in ICU and intubated was lower (55 [45.1%] cases 
vs. 53 [84.1%] cases, p<0.001 and 40 [32.8%] cases vs. 53 
[84.1%] cases, p<0.001 respectively), while median time for 
ICU and hospital stay was longer (13 [1-32] days vs. 6 [1-29] 
days, p<0.001 and 11 [5-44] days vs.9 [4-35] days, p=0.005 
respectively). Cases treated with HFNCO were similar 
between two groups (30 [24.6%] cases in CS group vs. 23 
[36.5%]cases in controls, p=0.127). Immunosuppression due 
to chemotherapy, previous CS use, tocilizumab treatment and, 
sepsis were similar between CS and control group (2 [1.6%] 
cases vs.2 [3.2%] cases, 9 [7.4] cases vs. 2 [3.2%] cases, 18 
[14.8%] cases vs. 5 [7.9%] cases, 30 [24.6%] cases vs. 9 [14.3%] 
cases, p=0.606, p=0.337, p=0.273 and, p=0.150 respectively). 
Distribution of cases according to oxygen need were similar 
between CS and control group (Moderate: 78 [63.9%] cases vs. 
40 [63.5%] cases, severe: 37 [30.3%] cases vs. 22 [34.9%] cases 
and, very severe: 7 [5.7]) cases vs. 1 [1.6%] case, p=0.381). The 
number of cases died were significantly less in CS group (35 
[28.7%] cases vs. 53 [84.1%] cases, p<0.001).

Number of cases needed oxygen treatment at time of 
hospitalization was more in CS group (Nasal oxygen: 
60 [49.2%] cases vs.21 [34.4%] cases, mask oxygen16 
[13.1%] cases vs.11 [18%] cases, reservoir mask oxygen:21 
[17.2%] cases vs.1 [1.6%] case, HFNCO:4 [3.3%] cases 
vs. 12 [19.7%] cases, MV:1 [0.8%] case vs.1 [1.6%] case 
respectively, p<0.001). 
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Table 1. Clinical and demographic features of the two groups
CS group
(N=122)

Control
(N=63)

P 
value

Age (min-max) 63 (30-91) 71 (34-91) <0.001
Sex 0.553
 Male 79 (64.8) 38 (60.3)
 Female 43 (35.2) 25 (39.7)
Smoking status 0.028
 None smoker 109 (89.3) 47 (74.6)
 Smoker 6 (4.9) 9 (14.3)
 Ex-smoker 7 (5.7) 7 (11.1)
Comorbidities
 HT 66 (54.1) 37 (58.7) 0.548
 Respiratory disease 22 (18) 14 (22.2) 0.627
 Coronary artery disease 34 (27.9) 17 (27) 0.898
 AF 8 (6.6) 5 (7.9) 0.766
 Obesity 14 (11.5) 0 (0) 0.003
 Cancer 9 (7.4) 5 (7.9) 1
 Renal disease 6 (4.9) 8 (12.7) 0.078
 DM 34 (27.9) 29 (46) 0.013
Autoimmune- 
Neurodegenerative disease 7 (5.7) 2 (3.2) 0.720 

Duration of steroid 
treatment (days) 0 8 (2-31) NA

Number of cases followed 
in ICU 55 (45.1) 53 (84.1) <0.001

Time for ICU stay(days) 13 (1-32) 6 (1-29) <0.001
Time for hospitalization(days) 11 (5-44) 9 (4-35) 0.005
Number of cases intubated 40 (32.8) 53 (84.1) <0.001
Cases treated with HFNCO 30 (24.6) 23 (36.5) 0.127
Immunosuppression
 Chemotherapy 2 (1.6) 2 (3.2) 0.606
 Previous CS use 9 (7.4) 2 (3.2) 0.337
 Tocilizumab treatment 18 (14.8) 5 (7.9) 0.273
 Sepsis 30 (24.6) 9 (14.3) 0.150
Severity of COVID-19 according to oxygen need 0.381
 None 20(16.4) 15(24.6)
 Moderate (nasal) 78 (63.9) 40 (63.5)
 Severe (Reservoir mask) 37 (30.3) 22 (34.9)
 Very severe (HFNCO/MV) 7 (5.7) 1 (1.6)
Outcome <0.001
 Survival 87 (71.3) 10 (15.9)
 Death 35 (28.7) 53 (84.1)
* n (%) or median (minimum-maximum). HT: Hypertension, AF: Atrial fibrillation, 
DM: Diabetes mellitus, ICU: Intensive care unit, HFNCO: High flow nasal cannula 
oxygen, CS: Corticosteroid, MV: Mechanical ventilation.

On day 1 the median SpO2 was similar between two groups 
(88% [72-93] in CS group and, 88% [62-93] in controls, 
p=0.477). The oxygen need was less in CS group compared 
to controls (nasal oxygen:55 [45.1%] cases vs. 26 [41.9%] 
cases, mask oxygen: 18[14.8%] cases vs. 12[19.4%] cases, 
reservoir mask oxygen: 34 [27.9%] cases vs. 5 [8.1%] cases, 
HFNCO: 7 [5.7%] cases vs. 2 [3.2% ] cases and, MV 2 [1.6] 
cases vs. 14 [22.6%] cases, p<0.001). The median pulse rate, 
body temperature, number of leukocytes and, number of 
lymphocytes were lower in CS group compared to controls 
(81 [53-135]/min. vs. 88 [59-134]/min. and, 36.5 [35-40]°C 
vs.36.8 [35.2-39]°C, 7.2x103/ml [2.4-24.5] vs. 10.3×103/
ml [3-55.6], 0.73 [0.13-18.7]×103/ml vs. 1[0.1-51.6]×103/
ml, p=0.047 and p=0.021,p=0.001, p=0.007 respectively). 
The median serum CRP, IL-6, and ferritin levels were 
similar between CS group and controls (120.6 [2-350] 

mg/dl vs.133.5 (3-318] mg/dl, 35.7 [2-297] vs.18 [6-202] 
and, 729.6 [24.5-2000] vs.356.7 [20.7-36872.5], p =0.602, 
p=0.518 and, p=0.086 respectively). The median D-Dimer 
level was lower in CS group (0.6 [0.01-4.8] ng/dl vs.0.9 
(0.05-5.7] ng/dl, p=0.028). 

On day 3, the median SpO2 was similar between two 
groups (93 [70-99%] in CS group and 92 [79-100%] in 
controls, p=0.875). The need for oxygen support was less 
in CS group ( nasal: 46 [37.7%] cases vs. 9 [14.8%] cases, 
mask: 9 [7.4%] cases vs. 5 [8.2%] cases, reservoir mask: 22 
[18%] cases vs. 5 [8.2%] cases, HFNCO: 19 [15.6%] cases 
vs. 5 [8.2%] cases and, MV: 10 [8.2%] cases vs. 29 [47.5%] 
cases, p<0.001). The median pulse rate was similar between 
two groups, while the body temperature was lower in CS 
group significantly (81.5/min [50-137] and 36 [35-38]°C in 
CS group and, 91/min. [43-127] and, 36.5 [35.5-40.3]°C in 
controls, p=0.099 and, p<0.001 respectively). The median 
number of leukocytes and lymphocytes were similar 
(10.36 [2.37-24.14] ×103/ml and, 0.65 [0.17-18.34]×103/
ml in CS group and, 10.08 [1.59-38.6]×103/ml and, 0.87 
[0.12-14.75]×103/ml in controls, p=0.965 and, p=0.098 
respectively). The median serum CRP and D-Dimer level 
was lower in CS group (64.1 [1.6-280.87] vs. 16.6 [2-202], 
and, 0.57 [0.01-8.43] vs. 0.89 [0.04-4.38], p=0.027 and 
p=0.039 respectively).The median IL-6 and, ferritin level 
was similar between two groups (77.7 [2-307] and 706 
[87.2-2000] in CS group and, 30.8 [7.71-501] and, 461 [60-
100000] in controls, p=0.108 and, p=0.124 respectively). 

On day 7 the median SpO2 value was higher (94 [74-100%] 
vs. 90 [49-99%], p<0.001) while the median number of 
cases needed oxygen support was lower in CS group(nasal: 
25 [20.5%] cases vs.4 [6.6%] cases, mask: 19 [15.6%] cases 
vs. 4 [6.6%] cases, reservoir mask: 18 [14.8%] cases vs. 7 
[11.5%] cases, HFNCO: 16 [13.1%] cases vs. 2 [3.3%] cases 
and, MV: 23 [18.9%] cases vs. 41 [67.2%] cases, p<0.001). 
The median pulse rate was lower in CS group (81 [36.3-
140]/min. vs. 91 [36-131]/min., p=0.017) while the median 
body temperature was similar between two groups (36.4 
°C [34.9-39.1°C] in CS group and, 36.5°C [36-39.5°C] in 
controls, p=0.121).The median number of leukocytes and 
lymphocytes were also similar (9.69 [2.92-26.25]×103/dl 
and, 0.8 [0.15-18.32] ×103/dl in CS group and, 12.1[4.07-
213.13]×103/dl and, 0.79 [0.1-158.28]×103/dl in controls, 
p=0.202, p=0.873, respectively). The median serum CRP 
level was lower in CS group (21.48 [0.1-285.69] vs. 89.55 
[4.1-326], p<0.001). The median IL-6, D-Dimer and ferritin 
level were similar (36.90 [2.82-5689], 0.99 [0.01-8.05] ng/
ml and, 669 [47.48-2000] in CS group and, 43.3 [5.85-
733], 1.44 [0.12-194 ] ng/ml and, 540.92 [103-1106,9] in 
controls, p=0.571,p=0.193, p=0.119 respectively) (Table 2).

The effect of CS use on survival was examined with Kaplan 
Meier test and Log Rank test and showed the significant 
positive effect of CS treatment on survival (Figure 1). 
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DISCUSSION
In this retrospective observational study, the use of 
CS was related with better prognosis and increased 
survival in hospitalized patients with COVID-19 
pneumonia. Primary endpoint was hospital mortality 
rate which was significantly lower in CS group although 
DM and obesity were more frequent in this group. On 
the other hand CS group was younger than controls. 
There are several studies reported that both DM, 
obesity and older age increased the COVID-19 related 
morbidity and mortality (1,2,13-16). Our findings 
about positive effect of CS on mortality was compatible 
with the results of several previous studies (6-10). A 
meta-analysis including more than 20,000 patients 
confirmed a beneficial effect of CS treatment on short-
term mortality and a reduction in need for MV in 
hospitalized COVID-19 patients (10). But there are few 
studies against the use of CS which reported that the 
CSs did not maintain beneficial clinical outcome and 
decreased hospital mortality but resulted in adverse 
effects such as bacterial superinfections and delayed 
viral clearance (12). As we did not have detailed data 
on PCR conversion time and complications related 
to CS treatment we only focused on the effect of the 
treatment on clinical course and survival rate. 

Secondary endpoint was the clinical course. Although the 
ratio of cases with oxygen need on admission was more 
in the CS group, on follow up the oxygen need was less 
and, laboratory parameters related to worse prognosis and 
mortality were lower in CS group. This may be explained 
with the potent anti-inflammatory effect of CS. 

The number of cases transferred to ICU was more 
in the control group. CS treatment may prevent the 
worsening of the cases and decrease the need for ICU 
follow-up. 

Figure 1. Kaplan–Meier curves of cumulative survival rate for 
patients administered with and without corticosteroids

Table 2. Oxygen need and laboratory data of two groups 
CS group 
(N=122) Control (N=63) P value

Oxygen need on admission <.0.001
 None 20 (16.4) 15 (24.6)
 Nasal 60 (49.2) 21 (34.4)
 Mask 16 (13.1) 11 (18)
 Reservoir mask 21 (17.2) 1 (1.6)
 HFNCO 4 (3.3) 12 (19.7)
 MV 1 (0.8) 1 (1.6)
DAY 1
SpO2 88 (72-93) 88 (62-93) 0.477
Oxygen need <.0.001
 None 6 (4.9) 3 (4.8)
 Nasal 55 (45.1) 26 (41.9)
 Mask 18 (14.8) 12 (19.4)
 Reservoir 34 (27.9) 5 (8.1)
 HFNCO 7 (5.7) 2 (3.2)
 MV 2 (1.6) 14 (22.6)
Pulse/minutes 81 (53-135) 88 (59-134) 0.047
Body temperature 36.5 (35-40) 36.8 (35.2-39) 0.021
Number of leukocytes 
(×103/ml)

7.2 
(2.4-24.5)

10.3 
(3-55.6) 0.001

Number of lymphocytes 
(×103/ml)

0.73 
(0.13-18.7)

1 
(0.1-51.6) 0.007

CRP (mg/dl) 120.6 (2-350) 133.5 (3-318) 0.602
IL-6 35.7 (2-297) 18 (6-202) 0.518
D-Dimer (ng/ml) 0.6 (0.01-4.8) 0.9 (0.05-5.7) 0.028
Ferritin 729.6 (24.5-2000) 356.7 (20.7-36872.5) 0.086
DAY 3 
SpO2 93 (70-99) 92 (79-100) 0.875
Oxygen need <0.001
 None 16 (13.1) 8 (13.1)
 Nasal 46 (37.7) 9 (14.8)
 Mask 9 (7.4) 5 (8.2)
 Reservoir mask 22 (18) 5 (8.2)
 HFNCO 19 (15.6) 5 (8.2)
 MV 10 (8.2) 29 (47.5)
Pulse 81.5 (50-137) 91 (43-127) 0.099
Body temperature 36 (35-38) 36.5 (35.5-40.3) <0.001
Number of leukocytes 
(×103/ml)

10.36 
(2.37-24.14)

10.08 
(1.59-38.6) 0.965

Number of lymphocytes 
(×103/ml)

0.65 
(0.17-18.34)

0.87 
(0.12-14.75) 0.098

CRP(mg/dl) 64.1 (1.6-280.87) 77.7 (2-307) 0.027
IL-6 16.6 (2-202) 30.8 (7.71-501) 0.108
D-Dimer(ng/ml) 0.57 (0.01-8.43) 0.89 (0.04-4.38) 0.039
Ferritin 706 (87.2-2000) 461 (60-100000) 0.124
DAY 7
SpO2 94 (74-100) 90 (49-99) <0.001
Oxygen need <0.001
 None 21 (17.2) 3 (4.9)
 Nasal 25 (20.5) 4 (6.6)
 Mask 19 (15.6) 4 (6.6)
 Reservoir mask 18 (14.8) 7 (11.5)
 HFNCO 16 (13.1) 2 (3.3)
 MV 23 (18.9) 41 (67.2)
Pulse (/min.) 81 (36.3-140) 91 (36-131) 0.017
Body temperature (°C) 36.4 (34.9-91) 36.5 (36-39.5) 0.121
Number of leukocytes 
(×103/ml)

9.69 
(2.92-26.25)

12.1
(4.07-213.13) 0.202

Number of lymphocytes 
(×103/ml)

0.8 
(0.15-18.32)

0.79 
(0.1-158.28) 0.873

CRP(mg/dl) 21.48 (0.1-285.69) 89.55 (4.1-326) <0.001
IL-6 36.90 (2.82-5689) 43.3 (5,85-733) 0.571
D-Dimer (ng/ml) 0.99 (0.01-8.05) 1.44 (0,12-19,4) 0.193
Ferritin 669 (47.48-2000) 540.92 (103-1106,9) 0.119
n (%) or median (minimum-maximum). HFNCO: High flow nasal cannula oxygen, 
MV: Mechanical ventilation, SpO2: Peripheral oxygen saturation, CRP: C-reactive 
protein, IL-6: Interleukin 6
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Liu et al. (3) reported that although the early start of 
CS treatment before the need for oxygen support is 
beneficial, there were no significant differences in 
hospital mortality rates between patients with and 
without CS treatment. In our study, we did not furtherly 
analyze the effect of CS treatment in relation to time of 
initiation of the treatment but we showed the positive 
effect of CS on morbidity and mortality. 

The duration of hospitalization and ICU follow up was 
shorter in controls. This may be due to adverse effects of 
CS such as bacterial superinfections or hyperglycemia 
which may result in the need for extra treatment and 
prolonged hospital stay. Also, the ratio of the patients 
who needed oxygen treatment on admission was more 
in CS group, so the longer hospital stay may be due to 
the presence of more severe patients in the study group 
compared to controls. 

There are several studies evaluating the effect of CS 
treatment on COVID-19 pneumonia, but the results 
may be confusing and include some bias due to the 
varying indication, dose and, duration of CS treatment 
and, different mortality measures (hospital mortality, 
28 days mortality, etc.). It was reported that CS might 
have beneficial effects to reduce the hyper inflammatory 
response and result in clinical improvement in patients 
with ARDS (17). On the other hand, the adverse effects, 
such as delayed viral clearance, opportunistic fungal 
and bacterial superinfections, and hyperglycemia have 
to be kept in mind during making the decision to start  
CS treatment and follow-up. It was reported that CS 
treatment did not improve survival, reduce hospital 
stay or ICU admission rate and/or use of mechanical 
ventilation and prolonged viral clearance (11,12). 

This study had a few limitations. The study group was 
heterogeneous including a large spectrum of patients 
from mild to very severe cases. The sample size was 
small so subgroup analysis could not be performed. 
The patients who received CS were younger which may 
affect the clinical course and mortality in a positive 
manner. The adverse effects and complications such 
as secondary bacterial infections were not evaluated 
which may be related to clinical outcome and mortality

CONCLUSION
CS treatment is related to a better prognosis and less 
mortality in inpatients with COVID-19 pneumonia. In 
addition, it may prolong the duration of hospitalization 
and ICU follow up. So the decision for CS treatment 
should be made carefully.
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ABSTRACT
Aim: In the present study, the purpose was to investigate the effects of environmental and personal risk factors on accidents in 
the motor courier business, which expanded with the pandemic.
Material and Method: A total of 227 patients who applied to the Emergency Department after motorcycle accidents between 
After Pandemic (AP) March 2020-March 2022 and Before Pandemic (BP) March 2018-March 2020 period were included in 
the study. Statistical differences were analyzed regarding the number of motorcycle accidents before and after the pandemic, 
the occupation of the patients, driving experiences, weather conditions, and the timing of the accident.
Results: No statistically significant differences were detected between the mean age, gender distribution, occupational 
distribution, accident occurrence time, and duration of experience of the patients in motorcycle accidents admitted to the 
Emergency Department (p>0.05). Statistically significant differences were detected between the weekly working hours of the 
patients BP and AP (p<0.05). The rate of couriers under the age of 30 and their working time were found to be significantly 
higher than the other occupational groups in the AP period (p<0.01).
Conclusion: The present study showed that the increase in motorcycle accidents with the pandemic did not differ professionally 
but could be associated with the extended working hours and being under 30 years old. The study can provide useful information 
on designing accident-avoidance policies and guidelines for motorcycle couriers.
Keywords: Motorcycle couriers, personal risk factors, accident-avoidance policies
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INTRODUCTION
A new type of Coronavirus was detected in Wuhan, China 
in December 2019 with a clinic of atypical pneumonia 
(1). Because of the rapid spread of this virus, which was 
called COVID-19, it was later declared a pandemic by the 
World Health Organization (WHO) (2).

The connection between the service sector and 
customers was provided by digital systems and couriers 
in the process after the declaration of the pandemic. 
Motorcycles are often preferred by couriers because they 
are less affected by the busy traffic and are easy to park on 
narrow streets (3). As an important part of the delivery 
sector in this business line, which is called Motor courier, 
there has been a significant increase in the demand and 
the number of employees after the pandemic (4).

Being a motorcycle courier is a physically demanding 
profession resulting from riding a motorcycle. There are 

no clear rules defined in terms of daily driving and break 
times for motorcycle couriers (5). The incomes of the 
motor couriers are determined according to their working 
hours and the number of goods they deliver. Couriers 
can only save their income by making more deliveries 
because of intense competition. For this reason, the 
probability of taking risks increases. However, changing 
personal and environmental factors and unsafe working 
conditions also increase the risks of accident rates in this 
regard (6).

The present study aimed to evaluate the hospital 
emergency department motorcycle accident applications 
during the pandemic period by comparing the analysis of 
the patients in terms of occupation, driving experience, 
weather conditions, and the timing of the accidents 
during the Before Pandemic period.
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MATERIAL AND METHOD
The study was carried out with the permission of the 
Marmara University Faculty of Health Sciences, Non-
Invasive Clinical Ethics Committee (Date: 24.02.2022, 
Decision No: 24). The study was carried out in 
accordance with the ethical rules and the principles 
of the Declaration of Helsinki. No informed consent 
form was obtained for since this is a retrospective 
study. After the first COVID-19 case was detected in 
our country on March 11, 2020, patients were admitted 
to the emergency department of our hospital, which 
is a tertiary trauma center, as in the Before Pandemic 
period, regardless of COVID-19.

A total of 153 patients who applied to the emergency 
department In the After Pandemic (AP) period as a 
result of motorcycle accidents between March 2020 
and March 2022, and 74 patients from the same 
period, were taken as the control group to make the 
study in the Pre-Pandemic (BP) March 2018-March 
2020 reliable, were included in the study. Those who 
were injured by a motorcycle when on foot, patients 
who were injured because of alcohol or drug use, and 
those with incomplete medical records or who did not 
want to participate in the study were excluded from the 
study.

Retrospective observational data were obtained from 
the digital recording system and patient files by an 
orthopedic assistant and an orthopedic specialist. The 
demographic data, occupation, driving experience 
(month), weather (clear/cloudy-snow/rainy), and 
timing of the accident (day-night) were also recorded.

Statistical differences were analyzed in terms of 
the number of motorcycle accidents applied to the 
Emergency Department before and after the pandemic, 
the occupation of patients, driving experiences, weather 
conditions, and the timing of the accidents.

Statistical Analyses
The NCSS (Number Cruncher Statistical System) 
2020 Statistical Software (Utah, USA) program was 
used for statistical analysis. When the study data 
were evaluated, descriptive statistical methods (mean, 
standard deviation, median, frequency, ratio) and the 
Shapiro Wilk test and Box Plot Graphics were used in 
case of compliance of the variables with the normal 
distribution.

The Mann-Whitney U test was used for intergroup 
comparisons in non-normally distributed variables. 
The Pearson Chi-Square test was used to compare 
the qualitative data. Significance was evaluated at the 
p<0.05 level.

RESULTS
The present study was conducted with a total of 
227 cases 7% (n=16) of whom were female and 93% 
(n=211) male, at Marmara University Training and 
Research Hospital between 2018 and 2022. The ages of 
the patients who participated in the study ranged from 
14 to 66 with an average of 28.78±10.67 years. The 
demographic characteristics of the patients are given in 
Table 1.

Table 1. The evaluation of demographic characteristics of the 
patients

Group p
BP (n=74) AP (n=153)

Age a0.498
Mean±sd 29.86±11.78 28.26±10.09
Median (min-max) 26 (14-64) 25 (16-66)

Gender b0.220
Female (n=16) 3 (4.1) 13 (8.5)
Male (n=211) 71 (95.9) 140 (91.5)

Profession b0.006**
Courier (n=80) 19 (25.7) 61 (25.7)
For transportation (n=110) 48 (64.9) 62 (40.5)
Passenger (n=18) 4 (5.4) 14 (9.2)
Non-courier (n=19) 3 (4.1) 16 (10.5)

aMann Whitney U Test, bPearson Chi-Square test, **p<0,01

No statistically significant differences were detected 
between the mean age, gender distribution, and 
occupation of the patients in motorcycle accidents 
admitted to the emergency departments in BP and AP 
period (p>0.05).

The evaluation of BP and AP weather conditions, 
accident times, driver experience times, and weekly 
working hours are given in Table 2. No statistically 
significant differences were detected between the rates 
of BP and AP emergency admissions according to the 
weather conditions (p>0.05).

Table 2. The evaluation of BP and AP weather and accident times
Group

p
BP AP

Weather condition b0.074
Cloudy-Clear (n=157) 57 (77.0) 100 (65.4)
Rain-Snow (n=70) 17 (23.0) 53 (34.6)

Accident time b0.485
Daytime (06:00-18:00) (n=143) 49 (66.2) 94 (61.4)
Night-time (18:00-06:00) (n=84) 25 (33.8) 59 (38.6)

Experience (months) a0.257
Mean±SD 7.16±13.01 5.80±5.95
Median (min-max) 3 (0.1-96) 4 (0.2-30)

Weekly working hours (hrs.) a0.033*
Mean±SD 23.50±22.72 32.96±25.55
Median (min-max) 13 (2-80) 30 (1-91)

aMann Whitney U Test, bPearson Chi-Square test, *p<0.05
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No statistically significant differences were detected 
between the time of the accident and the duration of 
experience of BP and AP patients (p>0.05). Statistically 
significant differences were detected between the weekly 
working hours of the patients who applied to the BP and 
AP emergency department (p<0.05). AP working times 
were significantly longer (Figure 1).

Figure 1. The distribution of BP and AP weekly working hours

The evaluations of the occupations according to age 
distribution in the BP and AP period are given in 
Table 3. Although no statistically significant differences 
were detected between age distributions according to 
occupations in the period of BP (p>0.05); In the AP 
period, the rate of couriers who were under the age 
of 30 was found to be significantly higher than other 
occupational groups (p<0.01).

Table 3. The evaluation of occupations according to age 
distribution BP and AP

Age group P
<30 30-50 >50

BP 0.879
Courier 13 (68.4) 4 (21.1) 2 (10.5)
For transportation 30 (62.5) 13 (27.1) 5 (10.4)
Passenger 2 (50.0) 2 (50.0) 0 (0)
Non-courier 3 (100) 0 (0) 0 (0)

AP 0.008**
Courier 50 (82.0) 9 (14.8) 2 (3.3)
For transportation 32 (51.6) 26 (41.9) 4 (6.5)
Passenger 9 (64.3) 3 (21.4) 2 (14.3)
Non-courier 11 (68.8) 5 (31.3) 0 (0)

Fisher Freeman Halton test, **p<0,01

DISCUSSION
The first case of COVID-19 was seen in Turkey in the 
second week of March 2020. After the rapid increase 
in cases, all countries took measures to protect their 
citizens and prevent the spread of the disease (7,8). 

After restaurants closed as part of pandemic measures, 
our government only allowed motor courier deliveries 
from restaurants. Also, most supermarkets started 
motor courier deliveries to reduce social contact and 
protect against contamination. In the present study, we 
hypothesized that the increased number of motor courier 
deliveries manifested itself as a significant increase in the 
rate of motor courier in motorcycle accidents during 
the pandemic period. The results of the study were that 
the motorcycle accident rates in the emergency service 
admissions increased significant levels by 32.6% in the 
BP period and 67.4% in the AP period, but the rates of 
Motor courier in motorcycle accidents did not differ 
significant levels between the BP and AP periods.

There are many environmental factors affecting traffic 
accidents of motor couriers (9). The study of Shin et al. 
(10) on environmental and personal factors in courier 
accidents showed that 77.2% of courier accidents 
occurred on cloudy or clear days and 22.8% on rainy or 
snowy days. A total of 73.5% of the injured couriers had 
accidents during the day (6:00-18:00) and 26.5% at night 
(18:00-18:00). In their study, Byun et al. (11) found that 
the risk of accidents increased in night shifts associated 
with those working in the courier sector in Korea. In the 
study of Egozi et al. (4), however, they could not detect 
significant relations between working conditions and 
traffic accidents. The difference between the two studies 
was based on the fact that the couriers in the Korean 
study were younger, many of them did not have a license, 
and they mainly worked evening and night shifts. In our 
study, 69% of motorcycle accidents were on cloudy and 
clear days, and 31% on rainy and snowy days. Also, 62% 
of the accidents occurred in the daytime (6:00-18:00) and 
38% at night (18:00-18:00). Previous studies are reporting 
that stress and fatigue factors, which we did not consider 
in our study, increased the risk of failing to determine 
the risk in terms of accident and being involved in an 
accident due to bad decisions (12,13).

Because the barriers to having a job are not difficult 
for motorcycle couriers, the rate of inexperienced 
employment without appropriate education and training 
is high. Shin et al. (10) conducted a study based on the 
Korean national data bank data in 2019 and showed that 
47.2% of the injured couriers had <6 months of work 
experience and the rate of violations was high (13.9%) 
among the couriers with <6 months of work experience. 
Again, Shin et al. (5) In the study, 24.1% of 671 couriers 
were under the age of 30, 26.5% in their 30s, 24.3% 
in their 40s, and 25% in their 50s and above. In other 
words, 75% of them were drivers under the age of 50. In 
the present study, it was found that although the average 
work experience was 6 months in the Before Pandemic 
group, this was around 4 months in the After Pandemic 
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group. It was also found that 78% of the couriers were 
drivers under the age of 30, 18.5% were drivers between 
the ages of 30-50 and 5.7% were drivers over the age of 
50. These findings show the need for systematic safety 
training for inexperienced motorcycle couriers.

A decrease was detected in the total and daily application 
numbers of trauma patients secondary to the measures 
taken during the pandemic period (14). Goksoy et al. (15) 
conducted a study with surgical emergency patients and 
reported a 25% decrease in admissions. Ilhan et al. (7) 
showed a 60% reduction in adult trauma patients in their 
study. Also, Pintado et al. (16) found an 80% decrease in 
orthopedic trauma applications in their study conducted 
at a first-level trauma center. Aside from the decrease 
in general trauma patients in the pandemic period, 
motorcycle accidents decreased by 39%, as reported in 
the study of Chiba et al. (17). In the present study, it 
was found that motorcycle accidents were admitted to 
the emergency department with a significant increase 
of 32.6% in the BP period and 67.4% in the AP period. 
The differences in the studies might have resulted from 
the trauma patients included in the study from different 
groups.

The study had some limitations. It had a single-center 
and retrospective design. Because of the retrospective 
design, some data were not available. Also, the period 
selected for the control group was insufficient in terms 
of comparative data because there were no restrictions 
on the pandemic. Despite these limitations, the findings 
show meaningful relations that reinforce the need to 
explore this industry more deeply to identify areas of 
professional emphasis and protect safety and health. 
Further studies are needed to examine the broader scope 
of risk factors that are associated with the jobs of the 
couriers beyond the scope of this study.

CONCLUSION
The present study showed that the increase in motorcycle 
accidents after the pandemic was not occupationally 
different but could be associated with long working 
hours and being under 30 years of age, and the working 
conditions of the couriers were associated with their 
safety behaviors, safety, and health. The results can 
provide useful data for designing accident-avoidance 
policies and guidelines for motorcycle couriers.
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ABSTRACT
Background: It is known that COVID-19 has a worse and poorer progression, which often might lead to death in those with 
comorbidities. Multiple studies have recently examined the clinical course of cancer patients with COVID-19 and new guidelines 
have been developed to manage this group of patients. This study aimed to evaluate the clinical course and mortality rate of cancer 
patients admitted to the intensive care unit (ICU) for COVID-19.
Material and Method: The demographic characteristics, detailed medical history and laboratory findings of 140 patients with 
malignancy, who were treated in the COVID-19 Intensive Care Unit of Ankara City Hospital, were evaluated retrospectively. 
Gender, age, comorbidity, length of stay in the ICU, mortality rates, length of stay on a mechanical ventilator, cytokine storm scores, 
ferritin, interleukin 6 (IL-6), C-reactive protein (CRP), procalcitonin (PCT), D-dimer, lactate dehydrogenase (LDH), lymphocyte 
count and treatment options were compared. The patients were divided into two groups: solid and hematological malignancies.
Results: One hundred eight of 140 patients were diagnosed with solid organ malignancy and 32 with hematological malignancy. 
The most common comorbidity was found to be hypertension. A total of 94 patients died during their ICU stay. While the most 
common solid organ malignancies were malignancies of the lower gastrointestinal tract and lung cancers, multiple myeloma (MM) 
was the most common hematological malignancy. There was no significant difference between the two groups in terms of cytokine 
storm scores , duration of hospitalization and mechanical ventilation. Levels of Ferritin and LDH were found to be significantly 
higher in patients with hematological malignancies, while D-dimer was significantly higher in solid organ malignancies. A high 
level of CRP and IL-6 was associated with COVID-19 mortality. Lymphopenia was associated with increased mortality in patients 
with solid organ malignancy. However, there was no difference in mortality rate among both groups. Although the mortality was 
significantly higher in the patient group receiving chemotherapy, there were no significant differences in mortality for the duration 
of receiving chemotherapy.
Conclusion: The results of this study suggested that cancer was associated with severe clinical outcomes and a 67% mortality rate 
among patients with COVID-19. However, despite the changes in patients’ demographic, clinical and laboratory characteristics, no 
difference in mortality rate was detected in patients with hematological and solid organ malignancies due to COVID-19 infection.
Keywords: COVID-19, coronaviruses, hematological malignancies, malignancy, solid malignancies, mortality
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INTRODUCTION
Coronavirus disease 2019 (COVID-19) disease started in 
the Wuhan region of China in December 2019, spread all 
over the world and was declared a pandemic by the World 
Health Organization (WHO) as of March 12, 2020 (1-3). 
COVID-19 can be asymptomatic depending on the host’s 
immune response and comorbidities or it can cause life-
threatening multi-organ dysfunction. COVID-19 can affect 
all body areas (especially the respiratory system, arterial-
venous system endothelial cells, lymphoid tissue, glial cells 
in the brain, heart, bone, spleen, urinary tract, intestines, 

nasal mucosa, skin and muscle tissue). Fever, cough and 
shortness of breath, which can progress to organ failure are 
the most common symptoms of COVID-19. In respiratory 
failure, which occurs with clinical worsening in the later 
stages of the disease, follow-up in the intensive care unit 
(ICU) is required according to the need for respiratory 
support (4). The mortality rate is high in patients with 
COVID-19. Advanced age, male sex, hypertension, 
immunodeficiency due to chronic diseases and a history of 
cancer are the factors affecting mortality (5).
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The COVID-19 pandemic has affected the publications 
in the literature (6,7). Studies investigating the 
etiopathogenesis and prognostic factors for COVID-19 
in those with underlying medical conditions increase 
rapidly. Comorbidity is identified as an independent poor 
prognostic factor for patients with COVID-19. COVID-19 
uses ACE-2 receptors on the surface of host cells to enter 
the cell and there are studies in the literature indicating that 
certain comorbidities are associated with a strong ACE-
2 receptor expression and higher release of proprotein 
convertase release (8,9). It is reported that COVID-19 
patients with comorbidities have worse lung damage and 
more mortality rate and the most common comorbidities 
are hypertension, coronary artery disease and diabetes 
mellitus (9).

In a study in which comorbidities were evaluated, it was 
determined that 58.3% of COVID-19 patients had lung 
cancer and 41.7% of them received immunotherapy, 
chemotherapy or radiotherapy (8). Patients with 
malignancies were considered to be at higher risk for 
COVID-19 infection because of their immune deficiency.

The mortality rate in COVID-19 patients diagnosed with 
malignancy was calculated as 5.6% and it was found 
to be 3.5 times higher when compared to the general 
population (10). The mortality rate was found to be 37% 
in COVID-19 patients with hematological malignancies 
(11). It has been stated that hematological malignancies 
are in the higher risk group for COVID-19 due to age, 
immune system deficiency and risk of other infections 
(12). Since acute myeloid leukemia (AML) patients 
under therapy are highly immunosuppressive and their 
treatment takes a long time, they are at an incredibly 
high risk of developing life-threatening complications if 
infected with COVID-19 (13).

Studies show that patients with cancer appear to be 
at increased risk of mortality and severe illness due 
to COVID-19 infection. This study aims to provide 
information about the effects of COVID-19 disease in 
malignancy patients and to evaluate the clinical differences 
between hematological and solid organ malignancies. 

MATERIAL AND METHOD 
The study was carried out with the permission of Ankara 
City Hospital No 1 Clinical Researches Ethics Committee 
(Date: 15.12.2021, Decision No: E1-21-2227). All 
procedures were carried out in accordance with the 
ethical rules and the principles of the Declaration of 
Helsinki.

Participants
All patients older than 18 were diagnosed with solid or 
hematologic malignancies prior to admission to the ICU 

with the diagnosis of COVID-19 who received treatment 
in the COVID-19 Intensive Care Unit of Ankara City 
Hospital between 01.03.2020 and 01.01.2022 were 
included in the study. Participants were divided into two 
groups, hematological and solid organ malignancies and 
their data were analyzed retrospectively. 

Study Design
Clinical follow-up data were recorded by retrospective 
case-note review. Firstly, COVID-19 patients with 
malignancies were evaluated according to their general 
demographic and clinical and laboratory findings. Then, 
they were divided into two groups, hematological and 
solid organ malignancies. Variables such as gender, 
age, comorbidity, length of stay in the ICU, mortality 
rates, length of stay on a mechanical ventilator, cytokine 
storm scores, Ferritin, IL-6, CRP, PCT, D-dimer, LDH, 
lymphocyte count and treatment were compared. 

Statistical Analysis 
SPSS (Statistical Package for Social Sciences) for 
Windows 16.0 program was used for statistical analysis. 
The compatibility of the parameters with the normal 
distribution was evaluated with the Kolmogorov-
Smirnov test. Descriptive statistics included frequency 
(n), mean, standard deviation, minimum, median and 
maximum values. Frequencies and percentages were 
given for categorical variables. Kruskal-Wallis test was 
used for comparisons of parameters that did not show the 
normal distribution in quantitative data. Mann-Whitney 
U test was used for comparisons between the two groups. 
Independent-Samples T-test was used for comparisons 
between two groups with normal distribution. Chi-
square test analysis was used to compare the relationship 
between qualitative data. The results were evaluated at the 
95% confidence interval and the significance was at the 
p<0.05 level.

RESULTS
One hundred forty patients with malignancy, who were 
treated in the COVID-19 Intensive Care Unit of Ankara 
City Hospital because of COVID-19 pneumonia were 
evaluated retrospectively (Figure). The demographic 
and clinical characteristics are presented in Table 1. One 
hundred eight of 140 (77.2%) patients were diagnosed 
with solid organ malignancy and 32 (22.8%) with 
hematological malignancy. The mean age was 70.2±12.4 
(37-96 years). The most common comorbidity was found 
to be hypertension in 66 (47.1%) patients. Although 
88 (62.8%) of the patients were given high flow nasal 
oxygen therapy, 94 (67%) of them needed mechanical 
ventilation. Ninety-four (67%) patients died during 
their stay in ICU.
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The patients were divided into two groups: solid and 
hematological malignancies. Staging could not be 
performed because imaging methods (positron emission 
tomography -computerized tomography scans) were not 
available in the vast majority of patients with hematological 
malignancies. Solid organ malignancies were divided 
into subgroups among themselves; however, staging was 
difficult due to the same reason, so they were divided into 
metastatic and non-metastatic cancer groups. Sixty (55.5%) 
of 108 patients were found to have metastatic cancers. The 
most common malignancies were lower gastrointestinal 

tract (20 patients, 18.5%) and lung cancers (20 patients, 
18.5%). In the haematological malignancy group, nine 
patients (28.1%) had MM, seven patients (21.8%) had 
lymphoma, six patients (18.7%) had chronic lymphocytic 
leukaemia (CLL), three patients (9.3%) had chronic 
myocytic leukaemia (CML), three patients (9.3%) had 
AML, two patients (6.2%) had myelofibrosis, one patient 
(3.1%) had acute lymphocytic leukaemia (ALL) and one 
patient (3.1%) had myelodysplastic syndrome (MDS). All 
CML patients were discharged, while AML, myelofibrosis, 
ALL and MDS patients died in the hospital. The mortality 
rate was 55% in MM patients, 83% in CLL patients and 
71%in lymphoma patients. Table 2 shows the solid 
malignancy subgroups and and existence of metastasis.

Ninety-three patients (66.4%) did not receive active 
chemotherapy (CT) (>1 year), 20 patients (14.3%) had 
CT within 15 days, 11 patients (7.9%) received CT within 
15 days-1 month and 16 patients (11.4%) had been on 
CT for more than 1 month. (However, there were cured 
malignancies as well as end-stage malignancies in the group 
that did not receive CT). When the patients were divided 
into two groups as those who received CT and those who did 
not, the mortality rate was found to be significantly higher 
in the group of patients undergoing chemotherapy (p=0.03). 
However, no significant correlation was found between the 
time of the last CT and the mortality rate (p=0.12).

When the patients were compared in terms of 
hematological and solid organ malignancies, the mean 
age of patients with hematological malignancies was 
65.6±14.4 years and they were statistically younger than 
the patient group with solid malignancy (p=0.02). The 
male gender predominated in both groups. The APACHE 
score was significantly lower in patients with hematological 
malignancies at 10.2±6.8 (p=0.02). There was no significant 
difference between SOFA score and cytokine storm score 
in both groups (p=0.71, p=0.42). There was no significant 

Figure. Flowchart of the patients

Table 1. The demographic and clinical characteristics
Variables All patients (n=140) 
Age 70.2±12.4 (37-96 years) 
Gender (Male/female) 80 /60 
Hematological malignancy 32 (22.8%) 
Mean APACHE score 11.5±6.2 
Mean SOFA score 5.8±3.5 
Cytokine storm scores (SFS) 3.5±1.2 
Duration of hospital stay 10.7±8.1 (1-40 days) 
Duration of intubation 4.7±6.8 (0-35 days) 
Percentage of intubation 94 (67%) 
Percentage of exitus 94 (67%) 
Diyabetes mellitus 38 (27.1%) 
Hypertansion 66 (47.1%) 
Coronery artery disease 37 (26.4%) 
Chronic obstructive pulmonary disease 14 (10%) 
Chronic kidney failure 9 (6.4%) 
Neurological disorder 25 (17.8%) 
High flow oxygen therapy 88 (62.8%) 
Non-invasive mechanical ventilation 22 (15.7%) 
Ferritin 1473±3157 
C-reaktive protein 130±89 
IL-6 267±1027 
D-dimer 5.2±8.7 
LDH 599±558 
The lymphocytes count 2.9±13.5 
Procalsitonin 2.9±11.2 

Table 2. The solid malignancy subgroups and the existence of 
metastasis. 
Solid organ 
malignancies 
(n=108) 

Metastatic 
(n=60) 
(55.5%) 

Non-
metastatic 

(n=48) (44.5%) 
Number 
of exitus 

Gastrointestinal 
malignancy (n=20) 8 12 13 (11.9%) 

Lung cancer (n=20) 14 6 15 (13.8%) 
Breast cancer (n=18) 10 8 9 (8.3%) 
Prostat cancer (n=13) 5 8 11 (10.1%) 
Stomach cancer (n=8) 7 1 6 (5.5%) 
Bladder cancer (n=6) 3 3 5 (4.6%) 
Pancreas cancer (n=4) 3 1 4 (3.7%) 
Intracranial tumours 
(n=4) 2 2 2 (1.8%) 

Renal malignancy (n=3) 1 2 1 (0.9%) 
Larynx cancer (n=2) 0 2 1 (0.9%) 
Liver cancer (n=2) 2 0 0 (0%) 
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difference between the duration of hospitalization and 
mechanical ventilation, nor in terms of mortality rate 
(p=0.31, p=0.93, p=0.93).

Elevated serum ferritin and LDH levels have been found in 
significantly higher in hematological malignancies (p=0.04 
and p=0.04). D-dimer was significantly higher in solid 
organ malignancies (p=0.01) (Table 3). Levels of PCT, IL-6 
and aspartate amino transferase (AST) in hematological 
malignancies were significantly higher in patients who 
died (p=0.01, p=0.01, p=0.04, retrospectively). In solid 
organ malignancies, PCT and IL-6 values were found to 
be significantly higher in patients who died in the ICU 
(p=0.009 and p=0.007), while the lymphocyte count was 
significantly lower in this patient group (p=0.03).

Additionally, Intravenous immune globulin (IVIG) 
therapy was used in 16.1% of patients with hematological 
malignancies, while 1.8% of patients with solid organ 
malignancies had received this treatment (p=0.006).

DISCUSSION
Research on the course of Covid-19 disease in special 
disease groups such as cancer patients is limited. It is 
known that the high mortality rate in COVID-19 patients 
is associated with their comorbid conditions (9). The 
clinical course of the COVID-19 in malignancy patients, 
which is a particular group, was evaluated in our study, 
especially the clinical outcome between solid organ and 
hematological malignancies. The mortality rate was found 
to be significantly higher in cancer patients receiving CT. 
No significant difference was detected.

A study published in JAMA stated that 2,523,920 
patients out of 73.4 million patients were diagnosed 
with malignancy. Of these patients, 16,570 were 
diagnosed with COVID-19 disease and 1200 patients 
had malignancy. In patients diagnosed within <1 year, 
especially leukemia, non-Hodgkin lymphoma and lung 
cancers were found to be associated with increased 
COVID-19 disease risk (p<0.01). In addition, it has been 
shown that patients with malignancy and COVID-19 
have a higher duration of hospital stay and mortality 
rates (p<0.01, p<0.01) (13).

A study by Mehta et al. (11) reported that 61 patients 
(28%) of 218 cancer patients diagnosed with COVID-19 
died in their ICU stay. Among them, the mortality rate was 
37% (20/54) in those with hematological malignancies, 
while it was 25% in those with solid organ malignancies. 
They found that the mortality rate increased significantly 
when compared with patients without malignancy. In 
the same study, although the mortality rate was higher 
in lung and gastrointestinal cancers, it was reported that 
the mortality rate was lower in genitourinary and breast 
cancers. Among hematological malignancies, myeloid-
derived hematological cancers were found to be a higher 
mortality rate than lymphoid-derived malignancies. The 
numbers of intensive care unit admission and ventilator 
use were slightly higher for hematological malignancies 
than for solid tumors (26% vs 19% and 11% vs 10%, 
respectively), but this finding did not show a statistical 
significance (11). While it was expected that patients 
with metastasis and newly diagnosed patients (<1 year) 
would show an increased mortality rate, no statistical 

Table 3. Comparison of demographic, clinical and laboratory data of patients with hematological malignancies and solid organ malignancies
Hematological malignancies (n=32) Solid organ malignancies (n=108) P value

Age 65.6±14.4 71.4±11.6 <0.02 
Gender (Male)(n=80) 16 (20%) 64 (80%) >0.54 
APACHE score 10.2±6.8 11.8±6.0 <0.02 
SOFA score 55±31 58±36 0.71 
Cytokine storm scores 36±10 34±13 0.42 
Duration of hospital stay (days) 92±59 112±85 0.31 
Duration of intubation (days) 40±56 49±71 0.93 
Percentage of intubation (n=94) 22 (68.7%) 72 (66.6%) 0.83 
Percentage of exitus (n=94) 22 (68.7%) 72 (66.6%) 0,93 
Diyabetes mellitus (n=38) 8 (21%) 30 (79%) 1.0 
Hypertansion (n=66) 12 (18.1%) 54(71%) 0.31 
Coronery artery disease (n=37) 4 (10%) 33 (90%) 0.06 
Chronic obstructive pulmonary disease (n=14) 2 (14.2%) 12 (85.8%) 0.73 
Chronic kidney failure (n=9) 1 (11.1%) 8 (88.9%) 0.68 
Neurological disorder (n=25) 2 (8%) 23 (92%) 0.06 
Ferritin 3014±5962 1035±1442 0.04 
C-reaktive protein 1377±942 1285±888 0.56 
IL-6 423±1559 2231±812 0.18 
D-dimer 22±18 61±97 0.01 
LDH 704±802 569±468 0.04 
The lymphocytes count 83±256 13±64 0.62 
Procalsitonin 57±205 21±63 0.82 
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significance was found (p=0.06 and p=0.09) (11). The 
current study calculated the total mortality rate as 67%. 
This rate was 68.7% in patients with hematological 
malignancies and 66.6% (72 out of 108) in solid 
organ malignancies. However, there was no statistical 
significance. The most common malignancies were 
lower gastrointestinal and lung cancers and mortality 
rates were higher in correlation with this study. There 
was no difference between the two groups regarding the 
duration of the ICU stay and intubation days. In parallel 
with Mehta et al. (11) there was no significant difference 
in the mortality rates of patients with metastatic disease 
compared to those with non-metastasis.

In a case series in which 67 patients with malignancy were 
evaluated, 23 patients had received active chemotherapy. 
The most common type of cancer was lung cancer 
(22.4%). It was reported that the clinical outcomes of 
COVID-19 disease were more severe in elderly patients 
and it was determined that these patients had several 
comorbidities. In addition, the authors stated that 
patients receiving active CT had a worse prognosis (14).

In a study including 28 cancer patients by Zhang et al. 
(15) the authors reported that patients who received CT 
in the last 14 days had a worse prognosis. The mortality 
rate was 26% and patients requiring invasive mechanical 
ventilation were 36%. The most common malignancy was 
lung cancer, which was correlated with other studies. It 
was also stated that 71% of these patients were given IVIG 
therapy (15). In our study, the intubation rate was 67% 
and the mortality rate was 67%. Our results showed that 
66.4% of patients did not receive active CT (>1 year) and 
33.6% received CT within the last year. While mortality 
rates were higher in patients receiving CT, no significant 
correlation was found with the time of receiving CT. 
Although the mean age and APACHE-II scores were 
significantly lower in hematological malignancies, there 
was no significant difference in mortality rate compared 
to solid organ malignancies. IVIG was given to 17.9% of 
patients and it was most frequently applied to patients 
with hematological malignancies.

In June 2021, the data of 1013 patients infected with 
COVID-19 were shared by the American Society of 
Hematology (ASH) and it was stated that the mortality 
rate ranged between 13.8% and 39% (16). Various 
clinical and laboratory parameters such as one or more 
comorbidities, age, type of malignancy (especially 
AML), high level of CRP, lymphopenia and neutropenia 
have also been reported to be risk factors for mortality 
in these patients (17). The most common subgroup of 
hematological malignancy was MM in our study. The 
most common mortality rate was seen in CLL patients 
(83%). However, there were 2 AML patients and both 
of them died in the ICU. When the laboratory data 

were analyzed, it was found that mortality was higher in 
patients with elevated levels of PCT, IL-6 and AST. No 
significant correlation was found between lymphocyte 
count and mortality. In addition, patients with solid 
organ malignancies had higher procalcitonin and IL-6 
values and severe lymphopenia. While these results are 
in agreement with the literature data, no significant 
relationship was found between lymphocyte count and 
mortality rate.

In a study that included 3801 patients with COVID-19 
and hematological malignancies with data from 132 
centers, the most common subgroup was found to be 
non-Hodgkin Lymphoma (1084, 28.5%) and the second 
most common malignancy was MM (684, 18%). 73.1% 
of these patients were hospitalized. The average hospital 
stay was 15 days. 18.1% of patients needed intensive 
care and 65.2% were intubated. The number of patients 
whose primary cause of mortality was COVID-19 
pneumonia was evaluated as 155 (13.1%) (18). Although 
the duration of stay in the ICU was not shared in this 
study, it was 9.2±5.9 days in our study. We found a 68.7% 
intubation and mortality rate. In the current study, we 
found that all patients with solid organ malignancies 
and hematological malignancies who were intubated 
for mechanical ventilation died during their stay in 
ICU. When hematological and solid organ malignancies 
were compared, there was no difference in mortality 
rate. However, when compared with this study, it can 
be argued that the mortality rate was higher since 
primary causes of mortality were not distinguished in 
our study. In addition, since IL-6 and PCT levels had a 
significant effect on mortality in both groups, it might 
be thought that sepsis often accompanies these patients. 
We detected that severe lymphopenia was significantly 
related to mortality in patients with solid organ 
malignancies. However, the evaluation of lymphopenia 
in hematological malignancies is complex and careful 
consideration should be given to using it as a basis for 
treatment and prognostic evaluation.

CONCLUSION
In conclusion, the mortality rate of COVID-19 patients 
with malignancy is high. No significant difference was 
found between hematological malignancies and solid 
organ malignancies in terms of mortality in our study. 
Since the mortality rate was high in patients undergoing 
chemotherapy, which was similar to other studies’ 
findings, it can be recommended that primary prevention 
methods related to COVID-19 and special attention 
must therefore be given among this group. Randomized 
and prospective trials, including homogeneous patient 
groups, are needed to evaluate the data more accurately.
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ABSTRACT
Aim: To evaluate the survival outcomes and prognostic factors in acinic cell carcinoma of the parotid gland, a retrospective 
study was designed.
Material and Method: Consecutive patients diagnosed with parotid acinic cell carcinoma and treated with surgery and adjuvant 
radiotherapy were retrospectively reviewed. Data regarding age, sex, TNM stage, pathologic characteristics, treatment details, 
and follow-up examinations were collected and analysed. The primary end-point was overall survival; the distant metastasis 
free survival was calculated from the date of surgery to the date of death or the latest follow-up examination and analysed by 
the Kaplan-Meier method. Independent prognostic factors were evaluated by the Cox proportional hazards method.
Results: Between years of 2010-2020, two radiotherapy centers’ database were reviewed. A total of 32 patients were included. 
The median age was 55 years (35-80 years). Four-teen (43.75%) were male and 18 (56.25%) were female. Median follow-
up was 44 months (8-120). Seven (21.9%) were in T1, 7 (21.9%) in T2, 6 (18.8%) in T3 and 12 (37.5%) in T4 at the time of 
diagnosis. In all cohort, 6 (18.8%) of them had lymph node metastasis. The 2-year and 5-year OS rates were 92.6% and 78.5%,  
locoregional recurrence-free survival rates were 100% and 89.1%, distant metastasis free survival rates were 85.9% and 85.9%, 
respectively. Locoregional recurrence detected in 2 (6.25%), distant metastases detected in 4 (12.5%) patients. All distant 
metastases detected in the lungs. Univariate analysis showed that age, gender, margin status, T stage, facial nerve involvement, 
lymphovascular invasion, and perineural invasion were not significantly related to overall survival (all p>0.05). Lymph node 
involvement (p<0.013) and grade (p<0.006) were the only significant prognostic factors for OS. In multivariate analysis, both 
lymph node involvement (p<0.050) and grade (p<0.028) remained the significant prognostic factors.
Conclusion: In acinic cell carcinoma of the parotid gland, high-grade histology and node positivity are independent variables 
that affect OS. Since survival is lower in these patient groups, it is imperative to explore other treatment options in addition to 
adjuvant radiotherapy.
Keywords: Parotid cancer, acinic cell carcinoma, prognostic factors, radiotherapy, survival

Ana Metin-Alt bilgi Arası 5mm

Cite-vÖz arası 5mm

Başlık-Yazarlar arası 12mm

Yazar-Kurum arası 2,5 mm

Kurum-Cite arası 5mm

Öz-Abstract arası 5mm

INTRODUCTION

Acinic cell carcinoma (ACCs) is a very rare malignant 
tumor. The vast majority are located in the parotid gland 
(86% of cases) (1) and constitute 6-16% of all malignant 
tumors originating from the major salivary glands (2). It 
was defined as benign adenoma by Goodwin et al. (3) in 
1890, recognized as a malignant tumor by Buxton et al. (4) 
in 1953 and is currently classified as malignant by World 
Health Organization (5). Although it’s been considered for 
a long period of time a neoplasm with a good prognosis, 
currently, we should take into account it as a malignancy 

with an uncertain clinical course, since this tumor tends to 
recur, metastasize, and even cause death, particularly for a 
subgroup, defined as “ACCs with high-grade transformation”.

The prognostic factors in ACCs are not well documented, 
due to the small sample size, poor quality of medical records, 
and difficulty in organizing randomized trials. In this 
study, we retrospectively evaluated survival outcomes and 
prognostic factors in parotid ACCs who received surgery 
and adjuvant radiotherapy (RT). Medical records of two RT 
centers were collected for increasing the sample size.

https://orcid.org/0000-0003-1036-2593
https://orcid.org/0000-0001-6570-5405
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MATERIAL AND METHOD
The study was conducted in accordance with the ethical 
principles of the Declaration of Helsinki and was approved 
by a local human research committee. The study protocol 
was reviewed and approved by the Clinical Research 
Ethics Committee (Date: 12/04/2022, Decision No: 
2022/176). Written informed consent forms were read 
by each patient and signed consent was obtained prior 
to their treatment. Medical records of two RT centers 
were reviewed. Between January 2010 and January 2020, 
a total of 32 cases with ACCs, who met with the inclusion 
criteria, included in the study. 

Inclusion and Exclusion Criteria
Inclusion criteria:

• Who diagnosed with ACCs in parotid gland,
• Patients were> 18 years of age
• Who underwent a currative surgery,
• Who received adjuvant RT,
• Cases without a postoperative macroscopic residual 

mass,
• Cases who have not received neoadjuvant, adjuvant or 

concurrent chemotherapy

Exclusion criteria:

• Relapsed disease prior to adjuvant RT,
• Cases with no surgery for curative intent,
• Cases with a previous history of another malignant 

disease,
• Who developed a second primary malignancy during 

followup period,
• Cases with metastases prior to RT,
• Cases with postoperative macroscopic residual mass 

(R2 resection),
• Cases with immunosuppressive disease.

Statistical Analysis
Study data were analyzed using the statistical package 
program Statistical Package for the Social Sciences version 
25.1 (SPSS, Inc., Chicago, IL, ABD). Numeric, percentage, 
standard deviation, mean, minimum and maximum 
values were used as descriptive statistics. Locoregional 
recurrence-free survival (LRFS), distant metastasis-
free survival (DMFS), and overall survival (OS) were 
estimated using the Kaplan-Meier method. To identify 
prognostic factors that might affect survival, log rank 
tests were performed to examine univariate relationships 
between survival and parameters of interest, and Cox 
regression analysis to examine multivariate relationships. 
A value of p<0.05 was considered statistically significant.

RESULTS
Patient and Histopathological Characteristics and 
Treatment Outcomes
We analyzed overall outcomes and investigated potential 
prognostic variables such as age, gender, T stage and N stage, 
facial weakness, histologic grade, extraglandular spread, 
resection margins, perineural invasion and lymphovascular 
invasion. The date of diagnosis was accepted as the 
histological diagnosis date. The last follow-up date was the 
last consultation date. All tumors were classified by the 
tumor (T), lymph node (N), and metastasis staging system, 
seventh edition (International Union Against Cancer, 
2009). Of 32 patients, all were located in parotid glands. The 
median age was 55 years (35-80 years). Four-teen (43.75%) 
were male and 18 (56.25%) were female. Median follow-up 
was 44 months (8-120). Seven (21.9%) were in T1, 7 (21.9%) 
in T2, 6 (18.8%) in T3 and 12 (37.5%) in T4 at the time of 
diagnosis. In all cohort, 6 (18.8%) of them had lymph node 
metastasis. (Table 1) During the analysis, T1 and T2, T3 and 
T4 were placed together in two groups, and lymph node 
status were divided into two groups according to the presence 
of metastasis or not. T4A and T4B tumours were grouped 
together as T4. Twenty-one (65.6%) patients had free of 
surgical margins, and 9 (28.12%) positive margins, data of 
2 (6.25%) cases missed. Grade was recorded in all patients. 
They were divided into two groups as being either low-grade 
(23 cases), including well and moderately differentiated 
tumors, or high-grade (9 cases), including poorly 
differentiated or undifferentiated tumors. For perineural 
invasion (PNI), 9 (28.1%) were positive, 13 (40.6%) were 
negative and 10 (31.3%) were missed. For lymphovascular 
invasion (LVI), 7 (21.9%) were positive, 20 (62.5%) were 
negative and 5 (15.6%) were missed. Four (12.5%) patients 
had facial paralysis at the time of first admission. All patients 
underwent a curative surgery. Among the whole cohort, 12 
(37.5%) underwent total parotidectomy alone, 10 (31.25%) 
superficial parotidectomy, 10 (31.25%) total parotidectomy 
with neck dissection. Of these neck dissected 10 cases, 6 
(18.75%) of theme underwent therapeutic and 4 (12.5%) 
elective dissection. Node involvement was present in 6 
(18.75%) cases. Only patients who underwent definitive 
PORT were included in the study. For the cohort, RT 
indications were as follows: patients with T3-T4 tumor, 
and/or lymph node positivity, and/or perineural, and/or 
lymphovascular invasion, and/or positive surgical margins, 
and/or high-grade tumor, and/or extraglandular spread 
were considered high-risk patients and had one or more of 
these features were treated by RT. The median duration of 
RT was 44 days (range 39-52). For 18 (56.25%) patients, RT 
was applied only to the postoperative tumor bed, and for 14 
(43.75%) patients, the neck region was also included in the 
RT treatment area. An average of 50 Gy (46-66 Gy) delivered 
to the neck region and 60 Gy (50-70 Gy) for the tumor bed.
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No patients received a chemotherapy for curative 
intent. First doctor visits were made 4-6 weeks after 
the end of treatments. Than, patients were followed-
up every 3 months for 2 years, and every 6 months 
thereafter. Physical examination routinely performed 
for each single patients. Head-neck/thorax computed 
tomography scan was performed during the follow-up 
period, if necessary. 

Survival Outcomes and Prognostic Factors
The 2-year and 5-year OS rates were 92.6% and 78.5% 
(Graphic 1), LRFS rates were 100% and 89.1%, DMFS 
rates were 85.9% and 85.9% (Graphic 2), respectively. 
Locoregional recurrence detected in 2 (6.25%), distant 
metastases detected in 4 (12.5%) patients. All distant 
metastases detected in the lungs. Locoregionally 
recurred patients both recurred locally, there was no 
regional recurrence in this cohort. 

Univariate analysis showed that age, gender, margin 
status, T stage, facial nerve involvement, lymphovascular 
invasion, and perineural invasion were not significantly 
related to OS (all p> 0.05). Lymph node involvement 
(p<0.013) and grade (p<0.006) were the only significant 
prognostic factors for OS. In multivariate analysis, both 
lymph node involvement (p<0.050) and grade (p<0.028) 
remained the significant prognostic factors.

Univariate analysis revealed that gender (p<0.018) 
and lymph node involvement (p<0.001) were the only 
significant prognostic factors for LRFS. In multivariate 
analysis, neither were significant prognostic factors.

Univariate analysis revealed that grade (p<0.001) were 
the only significant prognostic factor for DMFS. Thus, 
multivariate analysis was not performed.

DISCUSSION
In most series, parotid gland ACCs were detected more 
in women than in men (6). Duzova et al. (7) reported a 
female dominancy for ACCs histology. Similarly, in the 
presented cohort, females (56.25%) are more affected 
than males (43.75%). This tumor affect a wide age range, 
from younger to older people. It can even be detected in 
pediatric age groups (8). Most ACCs appear between the 
ages of 40-49 years (6). In our cohort, age ranged from 35 
to 80 years and most of theme were in fourth (34.37%) 
and fifth (34.37%) decades.

Efforts related to histological grading have not reached 
a definitive conclusion and are still a controversial 
issue. Features often associated with more aggressive 
tumors include frequent mitosis, focal necrosis, neural 
invasion, pleomorphism, infiltration, and stromal 
hyalinization. In ACCs, cases of from low- to high-grade 
de-differentiation have been reported. These cancers 
are defined with cytological pleomorphism, accrued 
proliferative and mitotic activity, proliferation indices 
and having a poor prognosis (9). Currently, It is reported 

Graphic 1. Overall Survival curve

Graphic 2. Distant Metastases Free Survival curve

Table 1. Demographic and pathologic features
Baseline characteristic Total No. patients Percent
Gender

Female 18 56.2%
Male 14 43.7%

Grade
Low-grade (1 or 2) 23 71.8%
High-grade (3 or 4) 9 28.1%

T stage
T1or T2 14 43.7%
T3 or T4 18 56.2%

Lymph node status
N0 26 81.2%
N+ 6 18.8%

Margin
Negative 21 65.6%
Positive 9 28.1%
Missed 2 6.2%

Perineural invasion
Invasion – 13 40.6%
Invasion + 9 28.1%
Missed 10 31.3%

Lymphovascular invasion
Invasion – 20 62.5%
Invasion + 7 21.9%
Missed 5 15.6%
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that up to 35% of ACCs, which were wrongly thought to 
be a benign tumor in the past, are high-grade. This topic 
is too important, predictably, since high-grade ACCs 
are related with advanced disease, a higher incidence of 
recurrence, distant metastasis, and worse prognosis (10). 
In the present study, high-grade tumor associated with 
poorer OS both for univariate and multivariate analysis 
and it seemed to be related with distant metastasis. In a 
retrospective study by Fang et al. (11) analyzed the medical 
records of 144 patients and they reported high-grade 
and intraparotid lymph node positivity as an indepent 
prognosticators in patients with ACCs histology. In this 
study, female gender (57.6%) was dominant and the mean 
age of the study population was 54.8 years as similar to 
our study. High mitotic rate, high-grade transformation, 
close and involved surgical margins, and necrosis were 
negative prognosticators, according to the results of a 
recently reported Dutch study of 89 ACCs cases treated 
and retrospectively reviewed between 1979 and 2016. In 
conclusion, they suggested that due to the relatively high 
incidence of high-grade transformation (21%) in ACCs 
and the low accuracy of cytology, elective neck dissection 
may be considered as part of standard treatment (12).

Various studies have previously examined the rate of 
lymph node metastasis in major salivary gland acinar 
cell carcinoma and have reported varying results. In a 
retrospective review of 66 patients from four different 
institutions examining nodal metastases in acinar cell 
carcinoma of the parotid gland, a metastasis rate of 34.3% 
was found in cases with neck dissection, and the overall 
incidence for the entire group of 66 diseases was 18.2% 
(13). A relatively small retrospective study from a single 
institution examined 14 cases and showed a 9% lymph 
node metastasis rate (14). Nodal metastases of ACCs 
reported in the literature ranges from 0% to 43%; The rate 
of occult regional metastases ranges from 0% to 13% (15). 
In the present study, lymph node involvement was present 
in 6 (18.75%) cases. This rate was relatively high in the 
current study, as the population of our study consisted of 
patients receiving RT, and patients who were candidates for 
RT were high-risk patients. Additionally, local recurrence 
developed in 2 patients. Remarkably, both of these two 
patients consisted of T4 and node positive patients. 
Lymph node positivity was found to be a prognostic factor 
affecting both survival and recurrence. Similiarly, in a large 
retrospective study of 255 patients with major salivary 
gland carcinomas in Brazil, clinical stage, positive lymph 
nodes, facial palsy, and invasion of adjacent structures were 
found to be predictors of distant metastases (16).

Margin status appears to play an important role in 
survival in AciCC patients. Clear margin is a positive 
prognostic factor for survival (12). In a retrospective case 
series with medical record

review, patients treated surgically between the years 
from 2000 to 2014 for ACCs of the parotid gland were 
identified from an institutional database and 45 patients 
were included for analysis. They aimed to evaluate 
the effect of RT, particularly in patients with negative 
but close margins (≤1 mm) and no other high-risk 
histopathological factors. In conclusion, they stated that 
RT was unnecessary in patients with ACCs of the parotid 
gland with close (≤1 mm) but negative surgical margins 
and no other high risk factors (17).

Unlike many studies, in our cohort, perineural invasion 
and lymphovascular invasion are not rare features 
in ACCs, with an incidence of 28.1% and 21.9%, 
respectively. However, similar higher incidences were 
reported by Gomez et al. (23% vs 8.6%) (18). Despite 
this relatively low incidence of both features, their 
presence adversely affects survival, as in other salivary 
gland carcinomas (18,19). In the current study, neither 
perineural invasion nor lymphovascular invasion was 
a negative prognosticator (OS, LRFS and DMFS p> 
0.05).

Surgery remains the mainstay of treatment in parotid 
gland ACCs. The necessity of adjuvant RT to whom 
in this patient group is still a controversial issue today. 
Although disease recurrences or distant metastases may 
be seen in some patients with parotid gland ACCs, most 
of the population with this disease has a more benign 
course and can be cured mostly with surgical treatment 
alone. Spafford et al. (20) reported recommendations 
regarding with adjuvant RT in ACCs in 1991. They 
recommended RT as an adjuvant treatment in addition to 
surgery in patients with the following features: recurrent 
disease, suspicious or surgical margins positivity, tumor 
adjacent to the facial nerve or facial nerve involvement, 
deep lobe involvement, lymph node metastases, 
extraglandular extension and tumors size greater than 
4 cm. In a retrospective study published in 2018, Zenga 
et al. (17).  aimed to illuminate a confusing issue. As 
we mentioned above, they questioned the role of RT in 
patients with ACCs with close (≤1 mm) surgical margins 
who had no other high risk factors and stated that RT 
was unnecessary in this group of patients. In another 
retrospective study published in 2018, Greig et al. (21) 
recommended adjuvant RT in high-grade tumors and in 
cases of surgical margin proximity or positivity. If we need 
to emphasize in line with the results of our study, there is 
a need for additional treatment options to adjuvant RT 
because the survival rate is lower in those with high grade 
and node positivity. Recent advances in drug studies have 
led to major changes in many treatment guidelines. In 
the era of immunotherapy, it is hoped that in the near 
future, drugs that will positively affect the prognosis in 
these tumor subgroups will be on the agenda.



294

Düzova et al. Survival outcomes and prognostic factors in parotid gland acinic cell carcinomas Anatolian Curr Med J 2022; 4(3); 290-294

The limitations of the present study should be 
acknowledged. First, there is an inherent bias in 
retrospective studies. Second, the sample size was relatively 
small, possibly reducing statistical power; Third, the entire 
patient population consisted of relatively high-risk patients 
undergoing adjuvant RT; therefore, studies with larger 
sample sizes are needed to confirm the results.

CONCLUSION
In ACCs of the parotid gland, high-grade histology and 
node positivity are independent variables that affect OS. 
Because survival is lower in these patient groups, it is 
imperative to explore other treatment options in addition 
to adjuvant RT. Multicenter, randomized studies are 
needed on this subject.
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ABSTRACT
Aim: This study aims to determine the frequency of kidney diseases based on histological diagnosis and to evaluate the relationship 
between clinical and histopathological findings in patients undergoing percutaneous kidney biopsy for various indications.
Material and Method: In this cross-sectional study, demographic, anthropometric and laboratory data of the patients were 
obtained retrospectively from medical files and computer records. Biopsy indications and histopathological diagnoses (primary 
glomerular diseases, secondary glomerular diseases, tubulointerstitial diseases and other causes) of the patients were examined.
Results: Of 103 patients, 57 (55.3%) were male and 46 (44.7%) were female. The mean age of the patients was 44.67±15.29 years. 
The most common biopsy indication was hematuria+proteinuria+renal dysfunction (n=28, 27.2%). The most common pathology 
in histopathological diagnoses was primary glomerular diseases (56.3%), the most common diagnosis was IgAN (n=16, 15.5%). 
Tubulointerstitial diseases were seen more frequently in the 60 years and older group. (n=4, 25%). The most common cause of 
secondary glomerulonephritis was AA amyloidosis. The number of tubular disorders increased with advanced age.
Conclusion: In our center, renal biopsy was performed most frequently with the combination of proteinuria, hematuria, and renal 
dysfunction. The most common histopathological result was primary glomerulonephritis, in which IgAN took the first place. 
Keywords: glomerulonephritis, histopathological diagnoses, renal biopsy
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INTRODUCTION
Percutaneous kidney biopsy has a crucial role in 
diagnosing kidney diseases and guiding treatment in 
nephrology practice. It is the gold standard method 
in the diagnosis of renal parenchymal diseases, in 
predicting the course of the disease and in detecting 
the need for treatment (1). Today, it is performed with 
automatic or semi-automatic needles under the guidance 
of ultrasonography (USG), and the incidence of major 
complications is fairly low (2).

The most common indications for percutaneous kidney 
biopsy are nephrotic syndrome, nephritic syndrome, 
isolated microscopic hematuria, asymptomatic urinalysis 
abnormalities, acute kidney injury, suspected transplant 
kidney rejection, multisystemic diseases with renal 
involvement, and unidentified loss of kidney function 
(3). Diagnoses identified in kidney biopsies differ 
corresponding to the age, gender of the patients, whether 
they have native or transplanted kidneys, biopsy indications 
of centers, and race and geographical distribution (4).

This study purposes to determine the frequency of kidney 
diseases based on histological diagnosis and to assess 
the relationship between clinical and histopathological 
findings in patients who underwent percutaneous kidney 
biopsy for various indications in our center.

MATERIAL AND METHOD
This study was initiated after the approval of the Dışkapı 
Yıldırım Beyazıt Training and Resarch Hospital Ethics 
Committee (Date: 11/01/2021, Decision No: 102/01), 
and all procedures were carried out in accordance with 
the ethical rules and the principles of the Declaration of 
Helsinki.

In this retrospective and cross-sectional study, the 
frequency of kidney diseases identified in patients who 
had percutaneous kidney biopsy with different indications 
and the relations between clinical and histopathological 
findings were examined. Informed consent form was 
obtained from all patients before the procedure. 
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The Demographic, anthropometric, and lab data of the 
subjects were acquired retrospectively from medical 
files and computer registries.

Biopsy indications were microscopic hematuria (>2 
erythrocytes per amplification field in urine sediment 
examination), proteinuria (>150 mg/day), renal 
dysfunction (unidentified loss of glomerular filtration 
rate), and post-treatment control (relapsed or treatment-
resistant disease).

Percutaneous kidney biopsies were performed by the 
Interventional Radiology Unit or our nephrology team, 
using semi-automatic 16G and 18G biopsy needles, in 
the prone position, with at least 2 samples taken. The 
samples were placed on gauze impregnated with saline 
and delivered to Hacettepe University of Medicine 
Pathology Department within one hour in Petri dishes. 
A 2–4 mm long renal cortical tissue sample was reserved 
for examination and frozen sections were taken from 
these samples with a cryostat. IgG, IgA, IgM, C3, C1q, 
fibrinogen, kappa, and lambda dyes were applied by 
immunofluorescence method and evaluated with 
special filters in the immunofluorescence microscope. 
The remaining biopsy specimen was fixed with 10% 
formaldehyde. After routine tissue follow-up, 4µm-
thick sections of tissue samples embedded in paraffin 
blocks were stained with Hematoxylin & Eosin, 
Periodic Acid Schiff, Masson Trichrome, Congo Red, 
and Methenamine Silver dyes and evaluated under a 
light microscope.

Biopsy results were classified as 1-Primary glomerular 
diseases [immunoglobulin A nephropathy (IgAN), focal 
segmental glomerulosclerosis (FSGS), membranous 
glomerulonephropathy (MGN), minimal change disease 
(MCD), membranoproliferative glomerulonephritis 
(MPGN), crescentic glomerulonephritis (anti-neutrophil 
cytoplasmic antibodies (ANCA)-associated vasculitis 
and anti-glomerular basement membrane antibody 
glomerulonephritis), post-infectious glomerulonephritis 
(PIGN)], 2-Secondary glomerular diseases [AA 
amyloidosis, systemic lupus erythematosus nephritis, 
diabetic nephropathy, monoclonal immunoglobulin 
deposition disease (MIDD), vascular renal damage 
(thrombotic microangiopathies)]; 3-Tubulointerstitial 
diseases (acute tubulointerstitial nephritis) (ATIN), 
4-Hereditary renal diseases, 5-Chronic changes and 
6-Others (oxalate nephropathy, nephrocalcinosis, 
undetermined diagnoses).

Statistical Analysis
Statistical analyzes were performed using the 25th 
version of the Statistical Package for the Social 
Sciences software (SPSS Inc., Chicago, IL, USA). The 
distribution of numerical variables was assessed using 

the Kolmogorov-Smirnov test. Normally distributed 
continuous data were compared with Student’s 
t-test, and the results of the tests were given as mean 
values±standard deviation (SD). Abnormally distributed 
data were compared with the Mann-Whitney U test 
and results were presented as median and interquartile 
range. Comparisons of categorical variables were made 
using the Chi-square test and Fisher’s exact test; results 
were presented as numbers and percentages.

RESULTS
All adult patients (n=112) who had a renal percutaneous 
biopsy in our nephrology clinic between November 2018 
and March 2020 were assessed for the study. Patients 
whose biopsy specimens were technically inadequate 
for histopathological assessment (n=3) and patients 
who had biopsy from a transplanted kidney (n=6) were 
omitted from the study. 103 patients were recruited 
for the study eventually. Of the patients included in 
this study, 57 (55.3%) were male and 46 (44.7%) were 
female. The mean age of the patients was 44.67±15.29 
years. Of these, 42 were under the age of 40, 45 were 
between the ages of 40-60, and 16 were aged 60 and over. 
In the patient groups separated according to biopsy 
indications, the mean age of those who underwent 
biopsy with the indication of isolated renal dysfunction 
was 61.75±17.37 years, while the mean age of the other 
groups ranged from 35.65±15.20 to 49.00±17.26 years 
(Table 1).

Table 1. Age and gender distribution of patients according to 
biopsy indications

Gender 
Biopsy indication n=103 Male 

(n=57)
Female
(n=46) Age

Hematuria, 
proteinuria and 
kidney dysfunction 

28
(27.2%)

19
(67.9%)

9
(32.1%) 49.00±17.26

Proteinuria and 
kidney dysfunction

26
(25.2%)

14
(53.8%)

12
(46.2%) 44.58±12.77

Isolated 
proteinuria 

25
(24.3%)

11
(44%) 

14
(56%) 43.88±11.70

Nephrotic range 
proteinuria

13
(12.6%)

9
(69.2%)

4
(30.8%)  11.90

Non-nephrotic 
proteinuria

12
(11.7%)

2
(16.7%)

10
(83.3%) 44.08±11.99

Hematuria and 
proteinuria

17
(16.5%)

11
(64.7%)

6
(35.3%) 35.65±15.20

Isolated kidney 
dysfunction 

4
(3.9%)

1
(25%)

3
(75%) 61.75±17.37

Re-biopsy after 
treatment 

3
(2.9%)

1
(33.3%)

2
(66.7%) 40.00±18.68

Categorical variables are shown as frequency and percentages.

The most common biopsy indication in our study 
population was hematuria+proteinuria+renal 
dysfunction (n=28, 27.2%). This indication was also 
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the most common among men (n=19, 33.3%). Other 
biopsy indications were proteinuria+renal dysfunction 
(n=26, 25.2%), isolated proteinuria (n=25, 24.3%), 
hematuria+proteinuria (n=17, 16.5%), isolated renal 
dysfunction (n=4, 3.9%) and post-treatment control 
(n=3, 2.9%) (Table 1). None of the patients underwent 
biopsy, with indications of either isolated hematuria or 
hematuria+renal dysfunction.

In the analysis in which histopathological diagnoses 
were grouped, primary glomerular diseases had the 
highest rate (n=58, 56.3%). Among these, the most 
common diagnosis was IgAN (n=16, 15.5%). The most 
common primary glomerular disease identified in men 
was IgAN (n=12, 21.1%), while in women it was FSGS 
(n=7, 15.2%). When the distribution is made according 
to age groups, IgAN in patients younger than 40 years 
of age (n=9, 21.4%), FSGS in the 41-59 age group (n=11, 
24.4%), and ATIN in patients 60 years and older (n=4, 
25%) were the most common pathologies (Table 2). 

The histopathological distribution of the patients 
according to biopsy indications is shown in Table 
3. Hematuria+proteinuria (n=5, 38.5%) for MGN, 
hematuria+proteinuria+kidney dysfunction (n=7, 
43.8%) for IgAN, nephrotic range proteinuria (n=6, 40%) 
for FSGS, nephrotic range proteinuria (n=3, 60 %) for 
MCD. The most common indication (n=6, 85.7%) was 
hematuria+proteinuria+renal dysfunction in patients 
with the diagnosis of crescentic glomerulonephritis. 

DISCUSSION
This study intends to estimate out the frequency of renal 
diseases based on histological diagnosis and to evaluate 
the relationship between clinical and histopathological 
findings in patients who underwent percutaneous kidney 
biopsy for various indications in our center.

We considered the data from 103 patients who went through 
percutaneous biopsy of their native kidney over a course of 
almost one and a half years. The mean age of the patients 
at the point of diagnosis was 44.67±15.29 years, and 55.3% 
were male. These results were comparable to the data in the 
studies of Piskinpaşa et al. (5) and O’Shaughnessy et al. (6).

Although the indications for kidney biopsy differ 
according to race, geography and centers, the most 
common indication reported to date is proteinuria (7-
10). In our study, unlike other studies, the most common 
biopsy indication was hematuria+proteinuria+renal 
dysfunction. When we reevaluate the biopsy indications 
in our study, it is noteworthy that only 7 patients did 
not have proteinuria. Our most common indication 
for biopsy may have appeared to be different, as our 
classification was different from other studies.

According to the 2020 Registry report of the Turkish 
Society of Nephrology, the most common cause of 
chronic renal failure in patients undergoing dialysis after 
diabetes and hypertension is glomerulonephritis (11). 
Glomerular diseases are the leading diseases diagnosed 
by percutaneous kidney biopsy. 

Table 2. Distribution of histopathological diagnoses by gender and age

Gender Age groups 

Diagnosis Total 
(n=103)

Male 
(n=57)

Female 
(n=46)

≤40 year old
(n=42)

40-59
(n=45)

≥60 year old
(n=16)

IgAN 16 (15.5%) 12 (21.1%) 4 (8.7%) 9 (21.4%) 5 (11.1%) 2 (12.5%)
FSGS 15 (14.6) 8 (14%) 7 (15.2%) 3 (7.1%) 11 (24.4%) 1 (6.3%)
MGN 13 (12.6) 9 (15.8%) 4 (8.7%) 4 (9.5%) 7 (15. 6%) 2 (12.5%)
ATIN 10 (9.7%) 4 (7.0%) 6 (13.0%) 5 (11.9%) 1 (2.2%) 4 (25%)
Chronic changes 11 (10.7%) 7 (12.3%) 4 (8.7%) 4 (9.5%) 6 (13.3%) 1 (6.3%)
Crescentic glomerulonephritis 7 (6.8%) 6 (10.5%) 1 (2.2%) 1 (2.1%) 3 (6.7%) 3 (18.8%)
AA amyloidosis 7 (6.8%) 2 (3.5%) 5 (10.9%) 3 (7.1%) 3 (6.7%) 1 (6.3%)
MCD 5 (4.9%) 3 (5.3%) 2 (4.3%) 2 (4.8%) 3 (6.7%) -
Hereditary renal diseases 4 (3.9%) 1 (1.8%) 3 (6.5%) 2 (4.8%) 2 (4.4%) -
Lupus nephritis 4 (3.9%) 4 (8.7%) 4 (9.5%) - -
Diabetic nephropaty 3 (2.9%) 2 (3.5%) 1 (2.2%) 1 (2.4%) 2 (4.4%) -
MPGN 2 (1.9%) 1 (1.8%) 1 (2.2%) 2 (4.8%) - -
Nephrocalcinosis 1 (1.0%) 1 (1.8%) - 1 (2.4%) - -
Oxalate nephropathy 1 (1.0%) - 1 (2.2%) - - 1 (6.3%)
MIDD 1 (1.0%) 1 (2.2%) - 1 (2.2%) -
TMA 1 (1.0%) - 1 (2.2%) - - 1 (6.3%)
PIGN 1 (1.0%) - 1 (2.2%) - 1 (2.2%) -
Undetermined diagnoses 1 (1.0%) 1 (1.8%) - 1 (2.4%) - -
Categorical variables are shown as frequency and percentages. Abbreviations: IgAN: immunoglobulin A nephropathy, FSGS: focal segmental glomerulosclerosis, MGN: 
membranous glomerulophropathy, ATIN: acute tubulointerstitial nephritis, AA: amyloid A, MCD: minimal change disease, MPGN: membranoproliferative glomerulonephritis, 
MIDD: monoclonal immunoglobulin deposition disease, TMA: thrombotic microangiopathy, PIGN: postenfectious glomerulonephritis
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We detected glomerular disease in approximately 70% of 
all cases in our study group. 56.3% of glomerulonephritis 
was due to primary causes and 13.6% to secondary causes. 
Among primary GN, the most common cause was IgAN 
(15.5%). This result was similar to the results previously 
reported in Czechia (9), Italy (4), France (12), England 
(13), USA (14), China (15), Korea (16) and our country 
(17). According to the very recently published KDIGO 
Clinical Practice Guidelines for Glomerular Diseases, 
IgAN is also the most common primary glomerular 
disease worldwide (18). 

It was observed that there were differences in the 
pathological subtypes of glomerulonephritis according 
to age groups. The dominance of IgAN in the age group 
of 40 and below, of FSGS in the age group of 41-59, and 
of ATIN in the group of 60 and above was remarkable. In 
our analysis, as in similar studies (19), it was observed that 
the rate of renal tubular diseases increased while the rate 
of glomerular disease decreased as the mean age of the 
patients increased. The reason ATIN is frequently observed 
in the 60-year-old and older group may be the prevalence 
of over-the-counter drugs (especially analgesics) and 
herbal treatment used in this age group (20). In our study, 
data collection and analysis were not carried out in this 
direction. In the future, analyses that include data on drugs 
used and co-morbidities may provide clearer results.

In our study, the most common biopsy indication in 
patients diagnosed with MGN was hematuria+proteinuria. 

Although nephrotic syndrome is frequently seen in 
MGN, it should be kept in mind that 30-40% of it is 
accompanied by hematuria. (21).

In our study, AA amyloidosis was the first among 
secondary GNs. Although studies reporting lupus 
nephritis among the most common causes draw 
attention (12,22,23), there are also studies reporting AA 
amyloidosis (24). The geographic prevalence differences 
of diseases such as Familial Mediterranean Fever causing 
AA amyloidosis may contribute to these heterogeneous 
results.

The incidence of diabetic nephropathy may vary depending 
on the differences in kidney biopsy indications in diabetic 
patients. In our center, biopsy is not performed in diabetic 
cases with typical features of diabetic nephropathy, such 
as long-term DM, presence of DM-related microvascular 
complications such as diabetic retinopathy and neuropathy, 
and documented microalbuminuria-macroalbuminuria 
process. This approach may explain our low rate of diabetic 
nephropathy.

Study Limitations
The first is the evaluation of biopsy specimens only by 
light microscopy and immunofluorescence examination. 
Electron microscopic examination could not be 
performed. Secondly, the collection of cases from a single 
center resulted in a limited sample size.

Table 3. Distribution of histopathological diagnoses of patients according to biopsy indications
Biopsy Indication 

Isolated proteinuria

Diagnoses 
Non-

nephrotic 
proteinuria

Nephrotic 
range 

proteinuria

Hematuria 
and 

proteinuria

Isolated 
kidney 

dysfunction

Proteinuria 
and kidney 
dysfunction

Hematuria, 
proteinuria 
and kidney 
dysfunction

Re-biopsy 
after 

treatment Total 

MGN 2 (15.4%) 3 (23.1%) 5 (38.5%) - 2 (15.4%) 1 (7.7%) - 13 (100%)
IGAN 2 (12.5%) - 3 (18.8%) - 4 (25%) 7 (43.8%) - 16 (100%)
FSGS 3 (20%) 6 (40%) 2 (13.3%) - 3 (20%) 1 (6.7%) - 15 (100%)
MCD - 3 (60%) - - 2 (40%) - - 5 (100%)
MPGN - - 1 (50%) - - 1 (50%) - 2 (100%)
Crescentic glomerulonephritis - - - - 6 (85.7%) 1 (14.3%) 7 (100%)
Hereditary renal diseases 1 (25%) - 2 (50%) - - 1 (25%) - 4 (100%)
ATIN - - 2 (20%) 2 (20%) 4 (40%) 2 (20%) - 10 (100%)
AA amyloidosis 1 (14.3%) - - - 3 (42.9%) 3 (42.9%) - 7 (100%)
Lupus nephritis 1 (25%) - 1 (25%) - - 1 (25%) 1 (25%) 4 (100%)
Diabetic nephropaty 1 (33.3%) 1 (33.3%) - - 1 (33.3%) - - 3 (100%)
MIDD - - - - - 1 (100%) - 1 (100%)
TMA - - - 1 (100%) - - - 1 (100%)
PIGN - - - - - 1 (100%) - 1 (100%)
Chronic changes 7 (63.6%) 3 (37.3%) 1 (9.1%) 11 (100%)
Undetermined diagnoses - - 1 (100%) - - - 1 (100%)
Oxalate nephropathy - - - 1 (50%) - - - 1 (100%)
Nephrocalcinosis 1 (50%) - - 1 (100%)
Categorical variables are shown as frequency and percentages. Abbreviations: IgAN: immunoglobulin A nephropathy, FSGS: focally segmental glomerulosclerosis, MGN: 
membranous glomerulophropathy, ATIN: acute tubulointerstitial nephritis, MCD: minimal change disease, MPGN: membranoproliferative glomerulonephritis, MIDD: monoclonal 
immunoglobulin deposition disease, TMA: thrombotic microangiopathy, PIGN: postenfectious glomerulonephritis AA: amyloid A
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CONCLUSION
In our center, the most common indication for kidney 
biopsy was proteinuria+hematuria+renal dysfunction, 
the most common primary glomerulopathy was IgAN, 
and the most common secondary glomerulopathy was 
AA amyloidosis. Tubular diseases were more common 
in advanced ages. We expect our findings will help us 
to build up faster and more accurate approaches to the 
target patient group.
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ABSTRACT
Aim: The aim of this study is to share our experience and treatment modalities in pharyngocutaneous fistulas that can be seen 
after primary and post-radiotherapy salvage total laryngectomy.
Material and Method: The records of patients who underwent total laryngectomy in our clinic between February 2012 and 
December 2021 were reviewed retrospectively. The patients’ age, preoperative radiotherapy history, postoperative fistula 
development, gastrostomy opening, treatment modality, and hospital stay were examined. 
Results: A total of 115 patients, 81 of whom were primary and 34 of whom had a history of radiotherapy, were evaluated in 
the study. Pharyngocutaneous fistula developed in a total of 20 patients in 10 primary patients and 10 patients with a history 
of preoperative radiotherapy. The mean hospital stay was 10 days for patients who did not develop fistula.   The mean hospital 
stay was 27 days between days 21 and 36 in primary patients with fistula, and it was 46 days between days 34 and 68 in patients 
with a history of radiotherapy who developed fistula. While only 1 of the primary patients underwent reconstruction with a 
pectoralis major muscle flap because the fistula did not close despite local dressing and local skin flaps, this number was 7 in 
patients with a history of radiotherapy. 
Conclusion: The presence of a history of radiotherapy before total laryngectomy increases the risk of laryngocutaneous fistula 
development, increases the need for myocutaneous flaps, and increases the length of hospital stay, resulting in increased 
comorbidity. Pharyngocutaneous fistula development is neither an important comorbidity nor religion.
Keywords: Total laryngectomy, radiotherapy, salvage laryngectomy, pharyngocutaneous fistula 
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INTRODUCTION

About 0.8% of all new cancer cases in the world and 
0.6% of all cancer deaths occur in patients with laryngeal 
cancer  (1). The incidence of Laryngeal Cancer (LC) 
has been decreasing 2.4% each year for the last 10 years 
with the decrease in tobacco use (1). LC occurs more 
frequently with among men  and advancing age. LC is 5 
times more common in men than women. The median 
age of diagnosis for patients with LC is 65 years and the 
median age at death is 68 years. The major risk factor for 
laryngeal cancer is smoking; other risk factors include 
human papillomavirus infection, laryngopharyngeal 
reflux,  alcohol and environmental or occupational 
exposures. The incidence of LC among women has 
increased  with the increase in smoking in women over 
past decades. The role of human papillomavirus as a 
risk factor for laryngeal cancer in young nonsmokers is 
currently under investigation (2).

In addition to surgical treatment in laryngeal tumors, 
radiotherapy (RT) in early-stage tumors is an effective 
treatment method in the treatment of laryngeal cancers. 
When the literature is examined, it has been shown 
that the oncological results of RT and cordectomy are 
similar in the treatment of early-stage tumors (3). From a 
functional point of view, the presence of vocal ligaments, 
absence of tissue loss and better sound quality make 
radiotherapy advantageous (3).

Primary tumor recurrence or persistence of disease 
after radiation therapy must be detected as early as 
possible. The role of surgical salvage in the event of 
disease recurrence should be considered even before 
initial treatment is selected (4,5). The high risks of 
wound healing complications should be considered 
in the planning for any surgery of the larynx after 
radiotherapy relative to surgery in an unirradiated neck 
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(5). Therefore, patients who have poorly functioning 
larynx, suggestive of extensive T3 or T4a disease, and 
those with a tumor penetrating through the thyroid 
cartilage into surrounding soft tissues are not suitable for 
larynx preservation treatment approaches and should be 
recommended to undergo total laryngectomy (4).

In a study the incidence of  pharyngocutaneous fistula 
(PCF) was 19% among primary total laryngectomy (TL), 
while it increased to 28.6% and 30.3% for patients receiving 
salvage TL after radiotherapy and chemoradiotherapy 
(6). In advanced stage tumors, partial surgery (in selected 
cases), TL (for T4a tumors and selected T3 patients) is a 
standard treatment method (7).

MATERIAL AND METHOD
This study was approved by the University of Health 
Sciences Ankara Oncology Training and Research 
Hospital Clinical Studies Ethics Board (Date: 2022-03, 
Decision No: 70). All procedures were carried out in 
accordance with the ethical rules and the principles of 
the Declaration of Helsinki.
The records of a total of 115 patients who underwent TL 
f(70.4%) primary and 34 (29.6%) salvage due to recurrence 
after radiotherapy, in the ENT clinic of Ankara Oncology 
Training and Research Hospital were retrospectively 
analyzed. Patients’ age, preoperative radiotherapy history, 
postoperative fistula development, approach to fistula, 
modality of treatment applied, and length of hospital stay 
were examined.  The number of female patients was very 
low, so female patients were excluded from the study in 
order to avoid gender differences. Patients with Diabetes 
Mellitus and Thalassemia minor were excluded from the 
study because they may delay wound healing.

The surgical technique was standardised among all 
surgeons. TL included standard removal of the hyoid bone 
and infrahyoid muscles, pharyngeal closure was always 
performed in a single layer with a “I” shaped suture line, using 
4-0 vicryl sutures. All patients were fed through a nasogastric 
tube in the postoperative period. Oral feeding was started on 
the 7th postoperative day in patients who did not develop 
FCF. Post-operative CRP follow-up was performed in all 
patients. Patients with evidence of postoperative infection 
were examined by the infectious diseases department and 
treated with appropriate antibiotics.  During the physical 
examination; In cases where there was hyperemia on the 
neck skin, the flap did not fit, serohemorrhagic fluid comes 
from the neck suture lines, saliva and/or food content was 
observed in the hemovac drains, or if all these examination 
findings were normal, in cases where the patient’s CRP and 
WBC values were increased, it was thought that it may be 
PCF, and some of the neck skin sutures were removed and 
an open neck dressing was applied. If hematoma, formula 

content, infected seroma, and saliva were observed in this 
dressing, the patient was considered to have PCF and was 
dressed. Consultations were requested from infectious 
diseases. If oral feeding was started, it was stopped and the 
dressing was continued twice a day. During this dressing; 
The space under the flap was cleaned, dead tissues were 
debrided, and the surrounding tissues were scraped and 
bled to increase granulation. The vascularity of the tissue 
was improved by scraping subcutaneously on the anterior 
line of the fistula. With this procedure, it was aimed to bond 
the living skin tissue with the esophagoplasty. Rifamycin 
ampoule and Triticum Vulgare aqueous extract and cream-
impregnated sponge containing ethyleneglycol were placed 
on and around the flap skin, fistula area, and replaced with 
a new one at each dressing. For reconstruction, only one 
or more of the techniques of dressing, primary sturation, 
repair with local flap and repair with myocunous flap were 
applied. Endoscopic gastrostomy (PEG) was performed by 
the relevant department for patients whose fistula closure 
was not expected recently.

The age of the patients, the development of FCF, the 
length of hospital stay, the duration of feeding with 
nasogastric tube, the gastrostomy opening, the treatment 
approach applied to the fistula were evaluated. The data 
analysis was performed using the Statistical Package 
for Social Sciences (SPSS) for Windows, version 15. 
Chi-square and Mann-Whitney U tests were applied 
as statistical methods. A p-value of less than 0.05 was 
considered significant.

RESULTS
FCF developed in a total of 20 patients, including in 
primary 10 (12.3%) patients and in 10 (29.4%) patients 
who underwent salvage TL due to a history of preoperative 
RT.  The primary patients were between 39 and 79 years 
old, with a mean age of 61.3±3.9 years. The age of the 
patients who relapsed after RT ranged from 38 to 76 
years, with a mean age of 60.6±4 years. Nasogastric tube 
feeding was started in all patients on the 1st postoperative 
day, and all patients were fed with a nasogastric tube 
until oral feeding or gastrostomy feeding started. The 
mean hospital stay was 10 days for patients who did 
not develop fistula. The mean hospital stay was between 
21 and 36 days in primary patients with fistula, and 27 
days on average, while it was 34-68 days, with a mean of 
46 days, in patients with a history of radiotherapy who 
developed fistula. In 7 of the primary patients, closure of 
the fistula was achieved in 6-20 days, with an average of 
12 days, with dressing and debridement, whereas in only 
1 of the patients with a history of RT, it closed in 19 days.

The fistula mouth was opened to the skin due to partial 
necrosis of the neck skin of 3 patients who were applied 
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primary TL and could not be successful with local 
dressing. Localized random skin flaps prepared from the 
neck skin were applied to these patients (A single lobe 
skin flap made from the lateral neck was closed over the 
fistula as the epidermal surface as the anterior esophageal 
wall, a similar flap was also prepared from the neck for 
the patients in need.). Fistula closed in 2 of 3 primary 
patients who underwent local skin flap.

Local flap was not considered in 3 of 9 patients with 
ongoing fistula problem and a history of RT due to fistula 
location and size. Local flap was applied to 6 patients and 
fistula closure was achieved in only 1 of these patients. 

Pectoralis major (PM) myocutaneous flap was applied 
to primary 1 patient and 8 patients with a history of RT. 
While preparing the PM flap, the size of the skin island 
was determined by measuring according to the defect 
size. A circumferential incision was made around the 
skin graft. The pectoralis major muscle was cut from the 
inferior medial and lateral sides, similar to the skin size. 
The PM muscle was separated from the pectoralis minor 
and sternocostal muscles by blunt dissection. During 
dissection, the thoracoacromial artery was recognized 
and preserved. A tunnel was formed between the skin 
with the clavicle, and the skinned muscle, which was 
supported, was passed through the tunnel and reached 
the defective site. The flap was stitched over the defective 
area. Despite PM reconstruction, fistula persisted in 
only 2 patients with a history of RT, and contralateral 
pectoralis major myocutaneous flap was applied to these 
patients. Thus, fistula healing was achieved in all patients. 
Gastrostomy was performed by the relevant department 
in 8 primary patients with pharyngocutaneous fistula 
and all 10 patients with a history of rt. While the presence 
of gastrostomy was 15-28 days and an average of 21 days 
in primary patients, this period was 34-68 days and an 
average of 44 days in patients with a history of RT.  Our 
findings are summarized in Table 1.

When our patients were evaluated, no significant age 
difference was observed between primary patients and 
patients with a history of RT (p=0.07). Pharyngocutaneous 
fistula development was significantly higher in the group 

with a history of RT (p=0.03). Patients with a history 
of RT stayed significantly longer in hospital ( P<0.001).  
Eight of 81 primary patients and 10 of 34 patients with a 
history of RT had gastrostomy, and the rate of gastrostomy 
was significantly higher in patients with a history of RT 
(p=0.011). In patients who underwent gastrostomy, the 
duration of gastrostomy was significantly longer in the 
group with a history of RT (p<0.001). Salvage patients 
with a history of RT required significantly more pectoralis 
major myocutaneous flaps (p=0.044).

DISCUSSION
With the evolution of nonsurgical organ preservation 
protocols for treatment of laryngeal and hypopharyngeal 
squamous cell carcinomas like RT, TL is increasingly 
performed as salvage procedure. Wound complications 
and FCF are important complications. Wound healing 
complications can have a multifactorial origin including 
previous chemoradiotherapy, low albumin , anemia, neck 
dissection, tumour stage and site (8).

The development of a FCF represents an important  
complication of TL that is usually self-limiting. Its 
management is thus mainly based on careful conservative 
treatment; however, at times, this complication  further 
surgery is required (6).

The role of radiotherapy in the genesis of FCF has been 
extensively described, and some authors report that 
there is no significant associations (9). In a recent meta-
analysis, Paydarfar et al. (10) repoted that, although 
preoperative radiotherapy is a significant relative risk of 
PCF formation, there was also heterogeneity of effects 
among studies; in fact, other RT associated variables such 
as radiotherapy time and dose frame between the end of 
radiation and surgery, did not demonstrate an increased.

Choosing a surgical versus a nonsurgical approach as the 
initial treatment for LC depends on individual patient 
factors such as comorbidities and age, the subsite of the 
tumor, the volume and extent of the primary tumor, 
and the presence of lymph node metastases or the 
probability of metastases. The choice of treatment is also 
influenced by involvement of the tumor location such us 
anterior commissure and the ability to achieve adequate 
endoscopic visualization. The presence of surgical and 
radiation oncologic expertise, along with adequate 
rehabilitative services, are fundamental considerations 
(4).

Other important factors deciding on treatment  include 
vocal cord mobility, fixation, or impairment  pretreatment 
voice and swallowing function, patient desires and 
lifestyle needs as related to the morbidity of treatment, 
and patient compliance (11).

Table 1. Our data
  Primary 

Patients 
Post-RT 
Salvage 
Patients

Median age 61.3±3.9 60.6±4 
Number of patients 81 34
Patients Developing FCF 10 10
Length of hospital stay in the presence of PCF 27 46
Patients who had gastrostomy 8 10
FCFs closed with wound care 7 1
FCFs closed with local flap application 2 1
Patients with Pectoralis Major flap 1 8
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TL is the standard treatment for advanced stage laryngeal 
tumor for patients not amenable to organ preservation 
regimens posed by extralaryngeal spread, extensive 
thyroid cartilage invasion or multiple and severe 
comorbidities. TL removes the entire larynx, paratracheal 
lymphatics, strap muscles, and the ipsilateral thyroid lobe 
or total thyroid excision in some cases (12). TL usually 
offers the best chances for cure, the consequences are the 
loss of native voice and a permanent tracheostoma. The 
most common complications of TL are wound infection 
and FCF, occurring in up to 50% of previously radiated 
patients. Therefore, vascularized tissue flaps to cover the 
reconstructed pharyngeal closure during salvage TL may 
be advised to decrease the risk and severity of fistulas 
preservation, salvage surgery offers yet a chance for cure 
(4,12). Careful consideration of the potential of successful 
salvage surgery to achieve loco-regional control is 
necessary before any laryngeal preservation approach 
with radiation or chemoradiation can be considered a 
viable alternative to primary surgery. Complete resection 
may be accomplished by TL, open partial laryngectomy 
or transoral laser microsurgery. Despite all the advances, 
the functional results of rehabilitation after partial 
laryngectomy, such as supraglottic laryngectomy, continue 
to be poor in patients who have received radiation before. 
Likewise, the results of supracricoid laryngectomy in 
surgical salvage on ultimate decannulation and local 
control should be interpreted with caution as the role for 
secondary partial laryngectomy becomes more clearly 
determined (12).  

Because of the critical role of the larynx in voice and 
swallowing, the goals in the treatment of patients with 
T1 and T2 stage laryngeal cancers are cure from disease 
and preservation of laryngeal function to maximize 
quality of life. Although an approach combining multiple 
modalities such as surgery and radiation therapy or 
chemoradiation may be warranted on oncologic grounds, 
it can be togother high cost of added morbidity, including 
compromised functional outcomes of the larynx. 
Therefore, carefully selected patients with favorable early 
stage tumors should be considered for a single modality 
of therapy whenever possible without decreasing the 
chance for cure. Such single modality options include  
partial laryngectomy, transoral laser microsurgery,  or 
radiation therapy alone may be considered standard 
treatment for laryngeal preservation for patients (4).

Busoni et al. (6) showed that the rate of PCF was 19% in 
primary total laryngectomy patients and %30.3 in post-
RT laryngectomies, and showed that the history of RT 
increased the rate of PCF development. They also found 
significantly longer hospital stays.  Similarly, in our study, 
the rate of PCF development, length of hospital stay, 
gastrostomy application rate and hospital stay, and major 

flap (pectoralis major myocutaneous flap) application 
rate were found to be high in patients with a history of 
RT. 

CONCLUSION
While arranging the modality of treatment in patients 
diagnosed with laryngeal cancer, the increased 
comorbidity risks that may develop as a result of possible 
recurrences that may develop after RT should be kept in 
mind in patients who have had a chance of radiotherapy 
treatment. We think that the patient should be informed 
in detail about the possible results while the treatment 
plan is being made, and that a joint decision should be 
made with the physician, taking into account the possible 
risks and comorbidities.
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ABSTRACT
Aim: The aim of the study was to investigate the effect of temporary plastic stenting and ursodeoxycholic acid (UDCA) 
treatment on difficult choledochal stones that cannot be removed by basic ERCP techniques in patients who applied to our 
clinic with occlusion and underwent endoscopic retrograde cholangiopancreatography (ERCP).
Material and Method: Patients were scanned retrospectively using the hospital database. Patients who underwent ERCP due 
to malignancy, biliary tract injury and benign strictures were excluded from the study. 61 patients who were not successful 
with basic ERCP techniques such as endoscopic sphincterotomy (EST) and mechanical lithotripsy (ML) were included in the 
study. 750 mg/day UDCA was given to the patients for three months and plastic stent was applied. After the treatment, ERCP 
was tried again.
Results: Among the patients who underwent stent+UDCA, three (4.9%) patients had perioperative bleeding, one (1.6%) 
patient had peroperative perforation, four (6.6%) patients had postoperative pancreatitis, and one (1.6%) patient had mortality. 
The mean hospital stay was 1.96±2.1 days. Post-procedure total bilirubin and direct bilirubin values were observed to be 
lower than before the procedure (respectively, p<0.001 and p<0.001). The reduction in common bile duct diameter and stone 
size was found to be statistically significant in patients who underwent two procedures (respectively, p<0.001 and p<0.001). 
Although the reduction in stone size was statistically significant in patients who underwent three procedures, the decrease in 
the diameter of the common bile duct was not significant (p=0,090).
Conclusion: In our study, temporary plastic stenting and UDCA treatment were shown to be beneficial in common choledochal 
stones that could not be removed with basic ERCP techniques in the first ERCP session.
Keywords: Endoscopic retrograde cholangiopancreatography, choledocholithiasis, endoscopic sphincterotomy, 
ursodeoxycholic acid and bile duct stent
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INTRODUCTION

Nearly 7-12% of patients undergoing cholecystectomy for 
gallstones are found to have stones in the common bile 
duct. Endoscopic retrograde cholangiopancreatography 
(ERCP) is widely used in the treatment of common bile 
duct stones ranging in size from a few mm to 3 cm (1,2). 
Although 85-90% of common bile duct stones can be 
successfully removed with standard techniques such as 
endoscopic sphincterotomy (EST), endoscopic papillary 
balloon dilation (EPBD), and mechanical lithotripsy (ML), 
additional ERCP procedures or surgical intervention are 
required in some cases (3). Large (˃1.5 cm), multiple, 
and cylindrical stones as well as stones that cannot be 

removed due to surgically altered anatomy, narrowed or 
angled distal bile ducts, and periampullary diverticulum 
are defined as bile duct stones difficult for ERCP (4). These 
patients need ERCP methods that require more advanced 
techniques and equipment such as extracorporeal shock 
wave lithotripsy (ESWL), electrohydraulic lithotripsy 
(EHL), laser lithotripsy (LL), and endoscopic papillary 
large balloon dilatation (EPLBD) (5,6). Even if these 
methods are known to be effective, their use is restricted 
in patients with comorbidities because they are not 
available in all centers, are technically more difficult, 
have higher costs, and have longer procedure times (7). 

https://orcid.org/0000-0002-2567-5317
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In cases where advanced ERCP techniques could not be 
applied, temporary stenting was performed and difficult 
bile duct stones were removed with repetitive ERCPs. It is 
not entirely clear by what mechanisms temporary plastic 
stents play a role in the removal of stones, but it is assumed 
that they are caused by mechanical friction. It has been 
argued that the addition of ursodeoxycholic acid (UDCA) 
to temporary stenting is beneficial (8,9). Ursodeoxycholic 
acid treatment has been used for many years in the liver, 
biliary tract, and digestive system diseases. It has been 
shown to be beneficial especially in dissolving cholesterol 
gallstones and preventing cholestasis, which is seen as a 
risk factor in the formation of bile duct stones (10). In this 
study, it was investigated whether UDCA and temporary 
plastic stenting are beneficial in the treatment of difficult 
choledochal stones that cannot be removed with primary 
ERCP techniques.

MATERIAL AND METHOD
The study was initiated with the approval of the Bandırma 
Onyedi Eylül University Faculty of Medicine Clinical 
Researches Ethics Committee (Date: 09.05.2022, Decision 
No: 2022-67). In the study, 585 patients who underwent 
ERCP for obstructive jaundice in the General Surgery 
Department of Bandirma Onyedi Eylül University Faculty 
of Medicine between 2016-2021 were retrospectively 
analyzed.

Data Collection and Patient Selection
Patients who presented to our clinic with obstructive 
jaundice between the specified dates and underwent 
ERCP were scanned retrospectively using the hospital 
database. 55 patients who underwent ERCP due to 
malignancy, biliary tract injury, and benign strictures 
were excluded from the study. Stone extraction with EST 
and ML, technically applied in our clinic, was planned for 
530 patients with common bile duct stones. Bile flow was 
achieved by successful stone extraction in 450 patients 
in the first ERCP session. A temporary plastic stent was 
placed in 61 patients and 750 mg/day UDCA treatment was 
initiated. In the remaining 19 patients, common bile duct 
cannulation could not be performed during ERCP. Twelve 
of these patients underwent surgical intervention, and 7 
patients were referred to centers where advanced ERCP 
techniques could be applied, considering their general 
condition was not suitable for surgical intervention.

Pre-Operative Evaluation and ERCP Procedure
Before the procedure, all patients were evaluated in terms 
of anesthesia, and necessary medical treatments were 
planned to reduce mortality and morbidity. Oral intake 
was stopped 6-8 hours before the procedure and the 
patients were taken to the ERCP unit after prophylactic 
antibiotic administration. They were then placed in the 

left lateral decubitus and semi-prone position; topical local 
anesthetic spray [3-5 puffs (10 mg/puff) 10% lidocaine 
spray ]was applied before the procedure. The procedures 
were performed under deep sedation [intravenous 
midazolam (0.05 mg/kg) and/or propofol (0.5 mg/
kg) and/or fentanyl (0.5-1 ųr/kg)]. After evaluating the 
esophagus and stomach, the second part of the duodenum 
was reached by passing through the pylorus. Following 
visualizing the ampulla vatery, the papillae facing 
position was provided. Selective bile duct cannulation was 
attempted by entering the sphincterotomy from the papilla 
orifice at the 11 o’clock orientation. In our clinic, guide-
wire supported cannulation is generally applied; however, 
in cases where cannulation cannot be performed in this 
way, selective cannulation is preferred with contrast-
assisted cannulation and deep cannulation techniques. 
Similarly, the selective bile duct cannulation technique 
with guidewire support to the pancreas is also applied 
primarily in cases where bile duct cannulation cannot be 
performed and pancreatic cannulation can be performed. 
After the biliary tract is cannulated with the selective bile 
duct cannulation technique, the bile ducts are filled with 
contrast material and the biliary tract is visualized with 
C-arm scopy. After evaluating the bile duct pathologies, 
biliary sphincterotomy (EST) is performed by cutting the 
papilla between 11 o’clock and 1 o’clock directions with 
the help of a sphincterotomy and electrocautery. The 
upper border of the incision forms the point where the 
intraductal part of the papilla intersects with the duodenal 
wall. In cases where the bile duct cannot be cannulated 
selectively, the pre-cut method can be used. Biliary and 
pancreatic sphincters are exposed by cutting the papilla 
mucosa and submucosa starting from the orifice with a 
needle-pointed sphincterotomy or using the fistulotomy 
technique from the upper part of the orifice, and EST is 
performed after the bile duct is cannulated. Following 
that, the detected pathology is treated. Before or after the 
EST procedure, endoscopic papillary balloon dilatation 
(EPBD) and ML techniques can be applied for common 
bile duct stones. The ML consists of a mechanical 
lithotripter, a reinforced wire basket used to attach the 
stone to the bile duct, a metal sheath, and a handle in 
which the trapped stone and the basket are pulled back 
against the metal sheath, thus exerting a crushing force. 
Stone removal procedures with EPBD and ML techniques 
were planned for our patients. In case of failure, surgery 
was planned or a temporary plastic stent (8.5 Fr or 10 Fr) 
was placed to provide bile flow, and treatment was started 
with UDCA 750 m/day. Then, as long as there was no 
clinical deterioration, the ERCP procedure was repeated 
every three months. During this period, UDCA treatment 
was continued. In patients with clinical deterioration, 
surgical treatment or referral to centers where advanced 
ERCP techniques are performed was considered.
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Follow-up
When the patients were evaluated in the recovery room 
after the procedure, some of them were discharged on 
the same day while some were taken to the service for 
follow-up purposes, according to their clinical status. 
Patients who were found to have abdominal pain during 
the physical examination were followed closely in terms 
of possible pancreatitis or perforation, and complete 
blood count, liver function tests, and amylase values were 
checked in the follow-ups.

Statistical Analysis
SPSS (Statistical Package for the Social Sciences) 25.0 
package program was used for the statistical analysis 
of the data. Categorical measurements were expressed 
as numbers and percentages while continuous 
measurements as mean and standard deviation. Chi-
square and Fisher’s exact tests were used to compare 
categorical expressions. Shapiro-Wilk test was used to 
determine whether the parameters in the study showed 
a normal distribution. Mann Whitney U test was used 
for the parameters that did not show normal distribution. 
Wilcoxon ranks test was used to examine the differences 
between pre-and post-process values. The statistical 
significance level was considered as 0.05 in all tests.

RESULTS
In the study, a total of 585 ERCP patients were evaluated. 
55 patients were directly excluded from the study because 
they were treated for malignancy, benign stenosis, and 
postoperative bile leakage. In the remaining 530 patients, 
stones were detected in the common bile duct, and stones 
were successfully removed in 450 (84.9%) in the first 
ERCP session. Twelve (2.26%) of 80 (15.1%) patients 
who were considered to have difficult common bile duct 
stones were scheduled for surgery, and seven patients 
(1.32%) were referred for advanced ERCP techniques. 
A temporary plastic stent was placed with ERCP in 61 
patients (11.5%) and UDCA treatment was started. It was 
determined that the presence of concurrent malignancy 
(p=0.023) and preoperative bleeding (p=0.021) findings 
were observed more frequently in patients who underwent 
ERCP and went to surgery directly. It was observed that 
the stone size (p=0.004) and common bile duct diameter 
(p=0.038) values were higher in patients who underwent 
ERCP and went directly to surgery. Among the patients 
who underwent stent+UDCA, three (4.9%) patients had 
perioperative bleeding, one (1.6%) patient had preoperative 
perforation, four (6.6%) had postoperative pancreatitis, 
and one (1.6%) had mortality. The mean hospital stay was 
1.96±2.1 days (Table 1). The clinical and demographic data 
of the patients who received a temporary plastic stent after 
ERCP and were started on UDCA treatment are presented 
in Table 2.

Table 1. Clinical and demographic data of patients with difficult 
bile duct stones

Stent + 
UDCA
(n=61)
n (%)

ERCP + 
Surgery 
(n=12)
n (%)

pa

Gender 0.314
Female 30 (49.2) 4 (33.3)
Male 31 (50.8) 8 (66.7)
Heart disease 38 (62.3) 7 (58.3) 0.796
Kidney disease 8 (13.1) 2 (16.7) 0.744
Lung disease 8 (13.1) 2 (16.7) 0.744
Central nervous system disease 4 (6.6) 1 (8.3) 0.824
History of malignancy - 1 (8.3) 0.023*
Pre-op bleeding 3 (4.9) 3 (25.0) 0.021*
Pre-op perforation 1 (1.6) - 0.655
Post-op bleeding - - -
Post-op pancreatitis 4 (6.6) - 0.362
Mortality 1 (1.6) - 0.655

Stent + 
UDCA
 (n=61)
Median

ERCP + 
Surgery 
(n=12)
Median

pb

Age (year) 67.0 67 0.841
Stone Size (mm) 9.8 16 0.004**
Bile duct diameter (mm) 14 16 0.038*
Pre-op bilirubin (mg/dL) 0.9 2.25 0.512
Pre-op direct bilirubin (mg/dL) 0.4 1.55 0.627
Post-op bilirubin (mg/dl) 0.70 2.6 0.255
Post-op direct bilirubin (mg/dl) 0.30 1.75 0.277
Pre-op amylase (IU/L) 45.0 52 0.404
Post-op amylase (IU/L) 47.0 45 0.623
Duration of procedure (min) 15 27.5 0.365
Leukocyte (ų/L) 7.4 8.25 0.376
Length of stay (day) 1 1 0.825
* p<0.05, **p<0.001, a: chi-square and fisher exact test, b: Mann Whitney U test

Table 2. Clinical and demographic data of patients with stent 
insertion and UDCA treatment started for difficult bile duct stones

Frequency (n) Percentage (%)
Gender
Female 30 49.2
Male 31 50.8
Heart disease 38 62.3
Kidney disease 8 13.1
Lung disease 8 13.1
Central nervous system disease 4 6.6
History of malignancy - -

Mean±sd Median
Age (year) 64.5±17.0 67.0 
Stone size (mm) 9.5±2.4 9.8 
Bile duct diameter (mm) 13.8±4.3 14 
Pre-op bilirubin (mg/dl) 2.35±3.2 0.9 
Pre-op direct bilirubin (mg/dl) 1.86±2.9 0.4 
Post-op bilirubin (mg/dl) 1.81±2.7 0.70 
Post-op direct bilirubin (mg/dl) 1.44±2.5 0.30 
Pre-op amylase (IU/L) 107±389.3 45.0 
Post-op amylase (IU/L) 124.8±281.5 47.0 
Duration of procedure (min) 20.3±11.4 15 
Leukocyte (ų/L) 8.3±5.4 7.4 
Number of procedure (times) 2.2±0.5 2 
sd: Standard deviation
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Of the 61 patients with temporary plastic stent 
placement and UDCA treatment, 50 (81.96%) 
underwent two procedures, eight (13.11%) three 
procedures, and three (6.55%) four procedures. It 
was observed that the post-procedure total bilirubin 
(p<0.001) and direct bilirubin (p<0.001) values 
of the patients who underwent temporary plastic 
stent+UDCA were lower than before the procedure. 
There was no significant difference between the pre-
and post- ERCP procedure findings of amylase value 
(p>0.05) (n=61). While a decrease was observed in 
total bilirubin and direct bilirubin values after all 
ERCP procedures, it was determined that the post-
procedure total bilirubin values were lower in patients 
who had two procedures (p=0.018). On the other hand, 
direct bilirubin values were lower after the procedure 
in patients who had three procedures (p=0.028). The 
reduction in common bile duct diameter and stone 
size was found to be statistically significant in patients 
who underwent two procedures (respectively, p<0.001 
and p<0.001). Although the reduction in stone size 
was statistically significant in those who underwent 
three procedures, the decrease in the diameter of the 
common bile duct was not significant (respectively, 
p=0.011 and p=0.090). In addition, although there 
was a numerical decrease in those who underwent 
four procedures, no statistically significant finding was 
observed (Table 3).

DISCUSSION
Endoscopic retrograde cholangiopancreatography (ERCP) 
is an interventional method used in the diagnosis and 
treatment of pancreaticobiliary system pathologies. It has 
been used for many years in the treatment of common 
bile duct stones. With basic ERCP techniques that can 
be applied in many centers such as EST, ML, and EPBD, 
85-90% of common bile duct stones can be treated. Bile 
duct stones that cannot be treated with these methods 
are called difficult bile duct stones and advanced ERCP 
procedures are needed. When these techniques are not 
available, surgical intervention or temporary biliary 
stenting techniques can be used (3,8,9,11). 

In our study, the patients who underwent ERCP due to bile 
duct stones between the specified dates were examined and 
the clinical experience of temporary plastic stent application 
and UDCA treatment in patients who were accepted as 
having difficult bile duct stones was shared. While the 
first ERCP procedure was successful in 450 (84.9%) of 530 
patients who were treated for bile duct stones, additional 
interventions were needed in 80 patients (15.1%) due to 
difficult bile duct stones. Our rate of detection of difficult 
bile duct stones was found to be compatible with the 
literature (3). Endoscopic sphincterotomy (EST), ML, and 
EPBD techniques can be used alone or in combination 
in the treatment of common bile duct stones. In a meta-
analysis that compared EST and EPBD treatment, Park 
et al.(12) showed that stone clearance rates in the same 
session were better than EPBD in patients who underwent 
EST (EPBD vs. ES 0.59 odds ratio (OR) [0.36–0.94, 95% 
confidence interval (CI)]. There was no difference between 
EST and EST+EPBD (1.71 vs. 1.70 OR [0.92–3.17, 95% 
CI]). In another study involving 58 patients in whom 
EST was unsuccessful, EPBD was performed in addition 
to EST, and the procedure was successfully completed in 
54 patients (93.1%). The remaining four patients (6.9%) 
needed ML (13). In cases where classical ERCP methods 
were not successful, advanced ERCP techniques were 
applied. In a study involving 44 patients with difficult bile 
duct stones, fully covered self-expandable stents (FCSEM) 
were used and became successful in 82% (14). In another 
study in which the efficacy and safety of EPLBD and EST 
were compared, Kogure et al. (15) demonstrated that 
EPLBD alone provided high success (EPLBD vs EST 
90.7% vs. 78.8% p=0.04). In a study in which LL was used 
and 17 patients were treated, bile duct stones were cleared 
in the first session with a success rate of 94%. In another 
study involving 31 multicenter patients with LL, a success 
rate of 87% was achieved in the first session (16,17). 

Temporary plastic stents can be used as another treatment 
method for difficult bile duct stones. This method can be 
used as a treatment method, as well as a bridge treatment 
until other interventions. Kedia et al. (18) used the multiple 

Table 3. Change in laboratory data in patients with stent + UDCA 
(n=61)

Pre-
operative

Post-
operative pa

Mean ± sd Mean ± sd
Two procedures (n=50)
Total bilirubin (mg/dL) 2.5±3.5 1.9±2.9 0.018*
Direct bilirubin (mg/dL) 1.9±3.2 1.6±2.6 0.066
Amylase (IU/L) 119.4±429.6 116.9±267.3 0.735
Bile duct diameter (mm) 16.5±3.4 13.6±4.2 <0.001**
Stone size (mm) 16.5±2.0 9.9±2.1 <0.001**
Three procedures (n=8)
Total bilirubin (mg/dL) 2.4±1.8 1.4±1.0 0.063
Direct bilirubin (mg/dL) 1.9±1.9 1.0±1.1 0.028*
Amylase (IU/L) 47.6±26.5 204.1±415.6 0.237
Bile duct diameter (mm) 17.6±4.0 15.3±5.1 0.090
Stone size (mm) 16.4±3.0 7.3±2.9 0.011*
Four procedures (n=3)
Total bilirubin (mg/dL) 1.9±1.6 0.6±0.6 0.180
Direct bilirubin (mg/dL) 1.5±1.6 0.15±0.07 0.180
Amylase (IU/L) 47±15.6 45.5±2.1 0.655
Bile duct Diameter (mm) 16.7±1.2 13.7±3.2 0.109
Stone size (mm) 16.8±1.3 7.4±2.8 0.109
* p<0,05, **p<0,001, a: Wilcoxon ranks test, sd: Standard deviation
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plastic stent method in the management of difficult bile 
duct stones and showed that the stone size decreased 
and disappeared in some patients. A comparison was 
made between the patients with temporary plastic stent 
implantation and three-month replacement and patients in 
whom optional stent replacement was performed after stent 
insertion. Accordingly, the stone clearance rate was found 
to be higher in patients with frequent stent replacement. 
The rates of stent-related cholangitis were also found to 
be lower in the same group (19). It was shown that the 
addition of UDCA to temporary plastic stents leads to a 
reduction in stone size and ease of operation during stone 
removal (20). Similarly, UDCA treatment after stenting 
of the common bile duct was shown to be more effective 
than stenting alone (21). In another study conducted in 
our country, periodic stenting treatment was applied and a 
significant reduction in stone size was noted (22). 

In our study, while the decrease in common bile duct 
diameter and stone size was statistically significant in 
patients who underwent two procedures, only the decrease 
in stone size was found to be significant in patients who 
underwent three procedures. Although there was a decrease 
in both stone size and diameter in patients who underwent 
four procedures, it was not statistically significant. This is 
thought to be due to the relatively low number of patients 
who underwent four procedures. However, Katsinelos et al. 
(23) emphasized that UDCA application after stenting did 
not significantly decrease the stone size in difficult common 
bile duct stones. Although there are different opinions in 
the literature, the general opinion is that stenting provides 
a clinical improvement in the disintegration of common 
bile duct stones by providing bile flow. It is not entirely clear 
how biliary stents can aid stone removal, but it is assumed 
that when the stents are left for a period of time, they cause 
mechanical friction against the stone and can lead to stone 
fragmentation, making it easier to clear in the subsequent 
ERCP. In addition, UDCA is known to dissolve bile duct 
stones by reducing intestinal cholesterol absorption and 
secretion of cholesterol into the bile (8,24,25). In the 
literature, success rates in the secondary ERCP procedure are 
given between 44-92%. It is reported that stone size is directly 
related to success (20). Similarly, in our study, successful 
results were obtained with two ERCP procedures in the 
majority of patients (81.96%). Successful stone extraction 
was performed in all patients, and mortality was observed 
in only one (1.6%) patient. There was a significant decrease 
in total and direct bilirubin values between the two ERCP 
procedures. Stone size and common bile duct diameter 
were found to be significantly higher in the group that went 
directly to surgery. This supports the literature in terms of 
emphasizing the importance of stone size. Our complication 
rates, such as bleeding and perforation, were found to be 
lower compared to the literature, while the length of hospital 
stay was consistent with the literature (25,26). 

The main limitation of our study is that it was retrospective 
and could not be randomized with other ERCP techniques. 
The number of patients and the inability to make cost 
analysis can be described as other deficiencies.

CONCLUSION 
In our study, temporary plastic stent application and 
750mg/day UDCA treatment were shown to be beneficial 
in common bile duct stones that could not be removed with 
basic ERCP techniques in the first ERCP session. In the 
absence of any complications or emergency intervention, 
ERCP was performed at three-month intervals and 
common bile duct stones were successfully removed in all 
patients. On the other hand, our study is important because 
of being one of the few studies conducted on the issue in 
our country. In addition, considering the cost of advanced 
ERCP techniques, the lack of necessary equipment in 
every center, and the inaccessibility of patients to these 
applications, we think this practice is highly important.
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ABSTRACT
Introduction: Worldwide, >200 million patients are affected by peripheral arterial disease (PAD) and endovascular 
interventional treatments are increasingly being applied. Contrast-induced nephropathy (CIN) is the third most common 
cause of renal failure in hospitals. However, factors such as renal vasoconstriction, decrease in renal blood flow, endothelial 
dysfunction, and oxidative stress have been suggested in the etiology of CIN. Studies are showing that inflammatory markers 
increase in CIN. Systemic immune inflammation index (SII), a newly defined parameter, is calculated by multiplying the 
platelet and lymphocyte counts and dividing by the neutrophil count. Studies are showing that this parameter influences 
prognosis in various cancer types. Considering that inflammation may play a role in CIN, we planned this study to investigate 
the role of SII in patients undergoing percutaneous peripheral vascular interventions.
Material and Method: 300 patients who underwent percutaneous peripheral vascular interventions between  August 
2018-December 2021 due to peripheral arterial disease were included in the study. The data of the patients were scanned 
retrospectively from the patient files. The neutrophil-lymphocyte ratio (NLR) was calculated by dividing the neutrophil count 
by the lymphocyte count. SII was found by multiplying NLR with platelet count
Results: Contrast-induced nephropathy developed in 41 (12.3%) patients. CIN(+) patients also, had higher CRP levels 
(5.1±0.7vs 2.4±0.4,P<0.05), NLR (4.07±1.07vs 2.65±0.84, P<.005), SII score (1778±627.57vs 867.14±491.88, P<.005.) the 
contrast media used was also higher in CIN(+) patients (176.19±48.44 vs 128.72±48.44;P<0.05) Multivariate logistic regression 
analysis demonstrated that a high SII score was an independent predictor of development of CIN (odds ratio [OR]: 1.002, 95% 
confidence interval [CI]: 1.001-1.002, P<.0005) together with high NLR (OR: 3.56, 95% CI: 1.905-6.675, P<.005) and CRP (OR: 
1.002, 95% CI: 1.001-1.002, P<.005 Receiver operating characteristic curve analysis demonstrated that the best cutoff value of 
1224 for SII to predict the development of CIN with 85% sensitivity and 72% specificity (area under ROC curve 0.904 [95% 
CI: 0.866-0.942], P<.005).
Conclusion: Imbalance in inflammatory cells, the increase in neutrophils, and the decrease in lymphocytes play a role in 
developing kidney damage. Impaired immune functions due to lymphocytopenia contribute to the development of acute 
kidney injury. Oxidative stress exacerbates the inflammatory state by increasing inflammatory cell infiltration. AS a result, SII 
may be a powerful predictor of inflammation and can be used to determine the risk before interventional procedures.

Keywords: contrast-induced nephropathy, inflammation, peripheral vascular interventions, systemic immune inflammation 
index
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INTRODUCTION

Worldwide, >200 million patients are affected by the 
peripheral arterial disease (PAD and endovascular 
interventional treatments are increasingly being applied 
(1). Contrast-induced nephropathy (CIN) is hospitals’ 
third most common cause of renal failure (2). It is 
usually reversible but related to increased morbidity and 
mortality (3).

Although factors such as renal vasoconstriction, 
decrease in renal blood flow, endothelial dysfunction, 
and oxidative stress have been suggested in the etiology 
of CIN, it is not known why some patients with the same 
risk factors develop nephropathy while others do not 
(4,5). Studies show that inflammatory markers increase 
in CIN (6-10).
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Systemic immune inflammation index (SII), a newly 
defined parameter, is calculated by multiplying the 
platelet and lymphocyte counts and dividing by the 
neutrophil count. Studies show that this parameter 
influences prognosis in various cancer types (11-14). 

Considering that inflammation may play a role in CIN, 
we planned this study to investigate the role of SII in 
patients undergoing percutaneous peripheral vascular 
interventions.

MATERIAL AND METHOD
The study was initiated with the approval of the Prof. 
Dr. Cemil Taşçıoğlu City Hospital Institutional Ethical 
Committee (Date: 2022, Decision No: E-48670771-
59.99). All procedures were carried out under the ethical 
rules and the principles of the Declaration of Helsinki.

Patients who underwent percutaneous peripheral 
vascular interventions between  August 2018-December 
2021 due to peripheral arterial disease were included 
in the study. The data of the patients were scanned 
retrospectively from the patient files. Risk factors such 
as age, gender, diabetes mellitus (DM), hypertension 
(HT), dyslipidemia, smoking, and drugs were scanned 
from patient files. Exclusion criteria were the presence 
of active infection, presence of chronic inflammatory or 
autoimmune disease, known cancer history, presence of 
chronic liver disease, end-stage renal failure (GFR<10 
ml/min), and heart failure (EF<40).

All laboratory parameters before the procedure and 
three days after the procedure were recorded from the 
files. CIN was defined as a 25% or >0.5 mg/dl increase in 
creatinine value on the third day (15).

The neutrophil-lymphocyte ratio (NLR) was calculated 
by dividing the neutrophil count by the lymphocyte 
count. SII was found by multiplying NLR with platelet 
count.

SPSS (Statistical Package for Social Sciences, Chicago, 
IL) for Windows 20.0 was used for statistical analysis. 
Data about continuous variables were expressed in 
mean±standard deviation if otherwise is not indicated. 
Intergroup comparisons were made with Student’s t-test 
(in data with a normal distribution) or with Mann–
Whitney U test (in data without a normal distribution). 
Categorical variables were compared with the Chi-
square test. Pearson’s correlation coefficient was used 
for continuous variables with normal distribution, 
and Spearman’s correlation coefficient was used for 
continuous variables that are not normally distributed 
p<0.05 was considered significant. The effects of different 
variables on the development of CIN were calculated with 
univariate analysis. The model included parameters with 

a P<.10 in univariate analysis for multivariate regression 
analysis. The cutoff level of SII and NLR in predicting 
CIN formation was determined by performing a receiver 
operating characteristic curve (ROC) analysis. The value 
corresponding to the highest sensitivity and specificity 
value in the ROC analysis was accepted as the optimal 
cutoff value. A 2-sided P<.05 was considered significant.

RESULTS
Of the 300 patients included in the study, 228 (76.3%) 
were male. The mean age was 62±12.3 years. One 
hundred sixty patients had diabetes (53.3%), 105 had 
hypertension (35%), and 202 were smokers (67.3%). The 
mean creatinine level was 1.06±0.75mg/dl, and CRP was 
5.25±1.92. Laboratory findings of the patients can be 
seen in Table 1.

Table 1. Demographic properties of study population
Age (years) 62±12.18
Male (n,%) 228 (76.3%)
Diabetes mellitus (n,%) 160 (53.3%)
Hypertension (n,%) 105 (35%)
Smoking (n,%) 202 (67.3%)
Glucose (mg/dL) 154.3±79.61
Creatinine (mg/dL) 1.06±0.75
AST (U/L) 24.52±12.18
ALT (U/L) 20.24±10.75
T. Cholesterol (mg/dL) 196.29±52.79
HDL (mg/dL) 43.05±10.52
LDL (mg/dL) 136.42±64.37
Triglyceride (mg/dL) 165.99±121.61
Hgb (g/L) 13.65±2.22
Albumin (g/dL) 3.87±0.5
Contrast volume 135.0±40.6
CRP (mg/L) 5.25±1.92
NLR 2.84±1.01
SII 994.76±40.65

Contrast-induced nephropathy developed in 41 
(12.3%) patients. the patients with and without CIN 
are summarized in Table 1. The age of the patients was 
similar between the two groups. (62.04±11.5 in CIN 
(-) vs 61.7±15.73 years in CIN (+); P>0.05). The rate of 
patients with HT and DM was also similar between CIN 
(-) and CIN (+) (36.8% vs 23.8%, P>0.05; 51.6% vs 64.3%, 
P>.005, respectively). Other demographic characteristics 
and the previous medications were similar between both 
groups. There was no significant difference between the 
two groups regarding sex and smoking (Table 2).

When the hematological parameters were analyzed 
between the two groups, there was no significant 
difference in hemoglobin (P>.05).

There was no statistically significant difference between 
groups in terms of glucose, AST, ALT, total cholesterol, 
HDL, LDL and triglyceride levels (p>0.05, Table 1). 
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The patients who had CIN had statistically significantly 
higher creatinine levels (1.89±1.54 vs 0.92±0.17; p<0.05). 
CIN (+) patients also, had higher CRP levels (5.1±0.7vs 
2.4±0.4, P<0.05), NLR (4.07±1.07vs 2.65±0.84, P<.005), 
SII score (1778±627.57vs 867.14±491.88, P<.005.) the 
contrast media used was also higher in CIN (+) patients 
(176.19±48.44 vs 128.72±48.44; P<0.05). CIN (+) 
patients had significantly higher T.Chol and LDL levels 
(214.54±57.75vs 193.6±51.65; p=0.043 and 150.19±60.3 
vs 134.17±64.83; p_0.021).

The patients who had CIN were grouped in two according 
to gender. Thirty-two of the patients were male. DM, 
hypertension, and smoking incidence were similar (Table 
3). There was no difference in terms of contrast volume, 
NLR, and SII (152±32 VS 117±55; P=0.125, 2.64±0.4 
vs±2.62±0.89; P=0.257, 853.14±468.88 vs. 915.3±526; 
P=0.467)

The role of several CIN risk factors was also evaluated 
by multivariate analysis. This included age, gender, DM, 
HT, contrast volume, serum creatinine, glucose, NLR, 
CRP, and SII. Multivariate logistic regression analysis 
demonstrated that a high SII score was an independent 
predictor of development of CIN (odds ratio [OR]: 1.002, 
95% confidence interval [CI]: 1.001-1.002, P<.0005) 
together with high NLR (OR: 3.56, 95% CI: 1.905-6.675, 
P<.005) and CRP (OR: 1.002, 95% CI: 1.001-1.002, P<.005. 
Age was not a significant indicator (OR: 1.000%95 CI: 
0.928-1.001,P>0.05). Receiver operating characteristic 
curve analysis demonstrated that the best cutoff value of 
1224 for SII to predict the development of CIN with 85% 
sensitivity and 72% specificity (area under ROC curve 
0.904 [95% CI: 0.866-0.942], P<.005). For NLR, the best 

cutoff value of 3.17 predicted the development of CIN 
with a sensitivity of 92% and specificity of 72%, and the 
area under the curve was 0.867 (95% CI: 0.814-0.919; 
P<.005; Figure 1).

DISCUSSION
The most important finding of this study is that the 
increase in SII score, a new inflammation parameter, is a 
robust independent predictor of CIN.

According to previous studies, while the incidence of CIN 
is below 2% in patients without risk factors, the incidence 
rises to 90% in patients with risk factors (6). The incidence 
of CIN was 12.3% in our study. This rate corresponded 
with the incidence of CIN in patients who underwent 
angiography for the acute coronary syndrome (16).

In our study, basal creatinine of the CIN (+) group was 
statistically significantly higher. Preexisting chronic 
kidney disease is a known risk factor for contrast-
induced nephropathy. In a series of 1144 patients, 
Davidson et al. l. investigated patients undergoing 
cardiac catheterization and documented a low risk of 
CIN (increment of creatinine levels of at least 0.5 mg/dL) 
in patients with normal renal function compared to those 
with preexisting CKD (creatinine levels exceeding 1.2 
mg/dL). These investigators found that the risk for CIN 
increased significantly (20%) when serum creatinine 
exceeded 2.0 mg/dL (17). 

The age of the CIN (+) group was statistically significantly 
higher in our study. This is concordant with other 
studies (18, 19). This is possibly caused by the decline 
in renal function with increasing age. Vascular stiffens 
are increased, and vasodilator response is decreased by 
aging. Also, pluripotent stem cells decreased in advanced 
age, causing a decrease in vascular repair (20).

Table 2. Comparision of the groups 
CIN(-) CIN(+) P

Age (years) 56.81±13.74 62.84±11.72 0.013
Male(n,%) 196 (76.3%) 32 (76.2%) 0.992
Diabetes Mellitus (n,%) 139 (53.9%) 21 (50%) 0.641
Hypertension(n,%) 88 (34%) 17 (40.5%) 0.422
Smoking (n,%) 170 (65.9%) 32 (76.2%) 0.187
Glucose (mg/dl) 154.43±78.38 153.48±87.77 0.493
Creatinine (mg/dl) 0.92±0.17 1.89±1.54 0.023
AST(U/L) 24.92±14.29 22.1±13.1 0.930
ALT(U/L) 20.14±14.72 20.83±10.84 0.357
T.Cholesterol(mg/dl) 193.6±51.65 214.54±57.75 0.043
HDL(mg/dl) 43.12±10.75 42.62±9.03 0.713
LDL(mg/dl) 134.17±64.83 150.19±60.39 0.021
Triglyceride (mg/dl) 164.91±122.42 171.9±117.77 0.954
Hgb (g/L) 13. ±1.02 13.14±2 0.590
Albumin(gr/dl) 3.85±0.55 3.96±0.5 0.810
CRP (mg/L) 2.4±0.4 5.1±0. 0.01
Contrast volume 128.72±48 176.19±48.4 0.001
NLR 2.65±0.84 4.07±1.07 0.00
SII 867.14±491.88 1778±627.57 0.00
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Contrast volume is increased in CIN (+) group. High 
doses and repeated use of contrast material administered 
within 72 hours increase CIN (+). This is more common 
in the first-generation contrast agents (21, 22)

In the CIN (+) group, T.Chol. and LDL levels were 
increased compared with the CIN (-) group. This is 
consistent with the literature. According to statin use, in 
a study by Hoshi et al. (23), 2198 patients were analyzed. 
In the statin pretreatment group, CIN was observed less. 
Statin may reduce contrast-induced inflammation and 
may have beneficial effects against CIN. Hyperlipidemia 
may increase systemic inflammation and disturb tubular 
function (24).

A high SII score indicates decreased immune system 
with an increased inflammatory state. To understand the 
relationship between the SII index and CIN, the roles 
of neutrophils, platelets, and lymphocytes should be 
evaluated separately.

Inflammation is a pre-thrombotic condition (25). 
Endothelial damage caused by inflammation leads to a pre-
thrombotic state. In addition, inflammatory cells reduce 
the amount of critical anticoagulant substances (26)

In this inflammatory process, platelets are activated by 
chemokines, secreted proteins, and microRNAs (27). 
Activation of the coagulation system and downregulation 
of the anticoagulant system causes an increase in platelet 
levels and an increased risk of CIN (27). Experimental 
studies have shown that the imbalance in inflammatory 
cells, the increase in neutrophils, and the decrease in 
lymphocytes play a role in developing kidney damage 
(28), stimulation of neutrophils increases vascular 
permeability, and endothelial damage occurs (29, 30).

Impaired immune functions due to lymphocytopenia 
contribute to the development of acute kidney injury 
(30). Oxidative stress exacerbates the inflammatory 
state by increasing inflammatory cell infiltration (31). 
Detection of the inflammatory process can be used to 
determine the risk before interventional procedures.

SII is thought to show inflammatory processes better than 
NLR and platelet-lymphocyte ratio. This is based on the 
findings in recent studies showing the relationship of SII 
with poor outcomes in various diseases (11-13, 32-35).

Xu et al. (36) showed that SII is associated with acute 
kidney injury in patients with hepatocellular carcinoma 
who underwent hepatectomy.  Bağcı et al. (37) showed 
that it is an independent marker of CIN in patients with 
myocardial infarction. Yang et al. (32) claimed that the 
increase in SII scores was superior to traditional risk 
factors in predicting mortality and morbidity in coronary 
arterial disease. Gok et al. (38). Reported a relationship 
between high SII scores and the severity of pulmonary 

embolism. Our study found that among the inflammatory 
markers we examined in peripheral angiography 
patients, the SII was the most decisive and independent 
marker associated with CIN development. Moreover, we 
identified that the optimum cutoff point for the SII was 
1224, which predicted the risk of developing CIN with 
85% sensitivity and 72% specificity.

This study has some limitations. Few patients were 
included in the study, and the data were reviewed 
retrospectively. The study was a single-center study. SII 
levels were calculated at admission. Control creatinine 
level was measured three days after contrast use; 
therefore, it could not be detected if there was an increase 
after 72 hours.

CONCLUSION
This study determined that high SII was an independent 
indicator of the development of CIN in patients 
who underwent percutaneous peripheral vascular 
interventions. 
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Table 3. Comparision of the CIN(+) group in terms of gender 
Male (n=32) Female 

(n=10)
P

Age (years) 63.35±9.54 61.18±11.72 0.4
Diabetes Mellitus (n,%) 17 (53.1%) 4 (40.3%) 0.641
Hypertension(n,%) 11 (34.4%) 4 (40%) 0.422
Smoking (n,%) 28 (87.5%) 32 (76.2%) 0.182
Glucose (mg/dl) 157.24±81.88 145.57±66.55 0.5
Creatinine (mg/dl) 1.1±0.72 0.93±1.5 0.12
AST(U/L) 24.92±4.29 32.97±6.46 0.881
ALT(U/L) 18.52±12.61 25.64±4.3 0.343
T.Cholesterol (mg/dl) 193.6±51.65 214.54±57.75 0.521
HDL (mg/dl) 43.12±10.75 42.62±9.03 0.513
LDL (mg/dl) 135.3±68.25 130.54±53.2 0.413
Triglyceride (mg/dl) 172.94±133.1 139.08±73.22 0.954
Hgb (g/L) 13.82. ±1.02 13.55±2 0.51
Albumin (g/dl) 3.85±0.55 3.78±0.5 0.243
CRP (mg/L) 2.76±0.4 3.48±0. 0.112
Contrast volume 152±32 117±55 0.125
NLR 2.64±0.83 2.62±0.89 0.257
SII 853.14±468.88 915.3±526 0467

Table 4. Binary logistic regression analysis
Odds ratio Cl95% P

Age 1.000 0.928-1.001 0.057
CRP 1.002 1.001-1.002 0.003
NLR 3.566 1.905-6.675 0.000
SII 1.002 1.001-1.002 0.000
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ABSTRACT
Aim: In this study, it isaimed to retrospectively evaluatethe effect of serum albumin levels on postoperative mortality and 
morbidity in patients with end-stage liver failure with hypoalbuminemia who underwent follow-up liver transplant surgery.
Material and Method: After the approval of the ethics committee, the patients who underwent liver transplant surgery 
between April 2011 and September 2016 were divided into two groups as with preoperative albumin values <3.5 g/dl and ≥3.5 
g/dl. Demographic characteristics of the patients, preoperative and postoperative arterial blood gases, posteroanterior chest 
radiographs, tracheal aspirate cultures, preoperative and postoperative serum creatinine levels, mechanical ventilation and 
intensive care unit length of stay, transfusion of blood and blood products, and early postoperative complications (30 days) 
were determined and compared retrospectively.
Result: It was observed that mechanical ventilation, intensive care hospitalization and discharge times were higher in the 
group with low albumin levels (p˂0.05). More blood and blood products were used in the group with low albumin levels 
(p˂0.05). Postoperative pulmonary complications and acute kidney injury were more common in the group with low albumin 
levels (p˂0.05). Complications in the early postoperative period were more common in the group with low albumin levels.
Conclusion: As a result, it isconcluded that the preoperative serum albumin level can be used as a guide and a valuable 
parameter in the postoperative follow-up in the detection of perioperative and postoperative complications in liver transplant 
recipients.
Keywords: Hypoalbuminemia, liver  transplantation, mortality, morbidity
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INTRODUCTION
Hypoalbuminemia is a picture encountered in 
many acute or chronic clinical conditions. In 20% of 
hospitalizations, patients are hypoalbuminemia. Low 
albumin levels are accepted as an indicator of poor 
prognosis. However, it has been shown that preoperative 
hypoalbuminemia is a strong indicator of mortality and 
morbidity in the early postoperative period in patients 
undergoing cardiac surgery, gastrointestinal surgery, 
orthopedic surgery, sepsis and major infections (1). 

Albumin is a plasma protein responsible for most of 
the plasma oncotic pressure and is also a negative acute 
phase reactant. Albumin levels are an informative 
parameter for the general condition of the patient, both 
as an acute phase reactant and as an indirect indicator 
of the patient’s metabolic status and organ functions 
(such as liver). Patients with liver failure are frequently 

found to have low plasma albumin. It is characterized 
by impaired hepatocellular functions and a decrease in 
albumin synthesis up to 60-80% in advanced stages of 
cirrhosis (2). Albumin has found its place as a prognostic 
marker in various diseases. Albumin levels are frequently 
used for estimating the clinical course and survival of 
patients, since it is a relatively cheaper and accessible test 
compared to special tests, which are checked in routine 
biochemical tests.

Based on these effects of albumin, the present study was 
arrangedwith the hypothesis that serum albumin level 
may play a role in predicting postoperative morbidity 
and mortality in patients with end-stage chronic liver 
disease who are scheduled for liver transplantation with 
hypoalbuminemia.

https://orcid.org/0000-0002-4351-6256
https://orcid.org/0000-0002-9518-541X
https://orcid.org/0000-0002-6503-8232
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MATERIAL AND METHOD
The study was initiated with the approval of the Uludağ 
University Medical Faculty Clinical Researches Ethics 
Committee (Date: 2017, Decision No: 4/37). All 
procedures were carried out in accordance with the 
ethical rules and the principles of the Declaration of 
Helsinki. 

The study was conducted by retrospectively scanning the 
files of liver transplant recipients who were performed 
at Uludağ University Faculty of Medicine between April 
2011 and September 2016. The obtained 136 files were 
examined. Patients over the age of 18, who underwent 
liver transplantation were included intothis study, while 
patients who were hospitalized in the intensive care unit 
in the preoperative period, patients under the age of 18 
and those who died in the first 24 hours postoperatively 
were excluded. In this context, 9 patient files were 
excluded from the study, since 3 patients were under the 
age of 18, 4 patients were operated under preoperative 
intensive care treatment and 2 patients died within 24 
hours postoperatively.

Age, gender and MELD (Model For End-stage Liver 
Disease) scores of the patients were recorded in order to 
determine the differences between the study groups of 
the patients’ demographic characteristics and the severity 
of their current disease.

In order to determine the effects of serum albumin level 
on postoperative mortality and morbidity, 127 screened 
patient files were divided into two groups according to 
their preoperative serum albumin level.

Group I: patients with preoperative serum albumin level 
below 3.5 g/dL

Group II: patients with preoperative serum albumin 
level of 3.5gr/dL and above

In order to compare the respiratory functions and 
postoperative respiratory complications, posteroanterior 
(PA) chest X-ray and tracheal aspirate cultures were 
evaluated on postoperative day 1, and mechanical 
ventilation times were recorded.

Preoperative, postoperative 1st day and postoperative 2nd 
day creatinine levels of the patients were also recorded 
and the creatinine increase between the groups and acute 
kidney injury rates were tried to be compared by using 
the AKIN (Acute Kidney Injury Network) classification. 
(Table 1)

In addition, numbers of erythrocyte suspension, fresh 
frozen plasma and thrombocyte suspension transfused 
in the perioperativeperiod,the duration of intensive care 
unit stay and the period from the end of the operation to 
the discharge were documented.

When the clinical course and epicrisis of the 
patients were examined, a table was created from the 
complications observed in the postoperative 30 days that 
would prolong the most common mortality, morbidity 
and hospital stay, and the complications observed in the 
clinical course of the patients were recorded.

Statistical Analysis
In thisstudy, mean, standard deviation, median, lowest, 
highest, frequency and ratio values were used in the 
descriptive statistics of the data. The distribution of 
variables was measured viaKolmogorov-Smirnov test. 
The Mann-Whitney U test was used for the analysis of 
quantitative independent data. Wilcoxon test was used 
for the analysis of dependent quantitative data. Fischer 
test was used when Chi-square test was not provided 
qualitative independent datain the analysis. The value of 
p˂0.05 was considered statistically significant. The SPSS 
22.0 softwarewas used forthe analysis.

RESULTS
Of 136 patient scheculed for liver transplantation, 127 
were included (Figure 1). In the study, 127 patients in 
which 80 male (63%) and 47 female (37%) were scanned. 
As a result, statistically no significant differences were 
observed between the demographic characteristics and 
MELD scores of the patient groups (Table 2).

The patients’ postoperative mechanical ventilation times 
(weaning), intensive care unit stay, and time to discharge 
were compared, it was found that the durations were 
longer in the group with low albumin levels ( Table 2).

Table 1. Classification of acute kidney injury AKIN
Stage Serum creatinine Urine output

1
0.3 mg/dl or 1.5-2 times increase 
in serum creatinine compared to 
baseline

<0.5 ml/kg per hour 
for 6 hours

2 2-3 times increase in serum 
creatinine compared to baseline

<0.5 ml/kg per hour 
for 12 hours

3
3-fold increase in serum 
creatinine compared to baseline 
or 0.5 mg/dl increase in creatinine 
with serum creatinine ≥4 mg/dl

12 hour anuria or 
<0.3 ml/kg/hour for 

24 hours or renal 
replacement therapy

Group 1 
(Albumin <3.5 gr/dL) 

(n=75)

9 patients were excluded 
based on exclusion criteria

Patients scheduled 
for liver 

transplantation

• Demographic and clinical data
• Perioperative, postoperative data 

and comlications
Analysis

Group 2 
(Albumin ≥3.5 gr/dL) 

(n=52)

Figure 1. Flow diagram of study
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In case of the blood and blood products used during 
operation in the patient groups, it was observed that the 
use of erythrocyte suspension and fresh frozen plasma 
was higher in the group with low albumin levels, and this 
difference was statistically significant too. Furthermore, 
there was no significant difference between the groups in 
the use of platelet suspension (Table 2).

The postoperative pulmonary complications were 
compared by examining the postoperative pulmonary 
radiographs and tracheal aspirate cultures of the patients, 
it was observed that the development of pleural effusion, 
atelectasis and pneumonia was significantly higher in 
patients with low serum albumin levels (Table 2).

The increase between the preoperative and 
postoperative creatinine levels of the patients 
werecompared. Consequently, a significant difference 
was observed between the groups (Table 2).

When the serum creatinine levels of the patients on 
the 1st and 2nd postoperative days were evaluated and 
acute kidney injuries were compared using the AKIN 
classification, it was observed that the development of 
stage I and stage II acute kidney injury was significantly 
higher in patients with low serum albumin levels (Table 
2).

When the complications occuredin the early 
postoperative first 30 days of the patients were 
compared, it was observed that sepsis, acute kidney 
failure, unsuccessful weaning, bleeding-transfusion 
requirement, pneumonia, pulmonary edema, urinary 
tract infection, retransplantation and exitus development 
were significantly higher in patients with low serum 
albumin levels (Table 3).

DISCUSSION
The frequency of hypoalbuminemia has been shown 
to be 30-40% in adult critically ill patients. Acute 
hypoalbuminemia as a result of albumin leakage into 
the interstitial space has been associated with high 
mortality, as the degree of capillary hyperpermeability 
is probably related to the degree of systemic 
inflammatory response (3). In patients with sepsis 
and other inflammatory conditions, the increased 
vascular permeability increases the transcapillary loss 
of albumin, participating into the development of 
hypoalbuminemia (4). 

Albumin level is one of the main determinants of 
plasma oncotic pressure as well as reflecting nutritional 
status and being a negative acute phase reactant. In case 
of hypoalbuminemia, due to low oncotic pressure, it 
leaks into the interstitial space and causes hypovolemia. 
Therefore, hypovolemia developing during surgery in 
a patient with hypoalbuminemia requires more blood 
and blood product transfusions (5).

Many mechanisms cause hypoalbuminemia in patients 
who are followed up with the diagnosis of end-

Table 2. Demographic and clinical characteristics

Group I Group II
pMean±SD

/n-% Median Mean±SD
/n-% Median

Demographic characteristics and MELD scores
Age 54.2±12.0 57.0 53.3±13.0 57.0 0.693
Gender

Male 49-65.3% 31–59.6% 0.512
Female 26-34.7% 21–40.4%

MELD Skoru 21.1±4.6 20.0 20.7± 4.7 20.0 0.486
MV, ICU and Hospital stay

MV duration
(day) 2.3±1.4 2.0 1.2±0.4 1.0 0.000

ICU duration 
(day) 6.1±3.4 5.0 3.3±1.1 3.0 0.000

Length of 
hospital stay 
(day)

15.0±5.6 13.0 10.1±3.1 9.5 0.000

Use of blood and blood products
ES 6.5±3.9 5.0 3.8±1.8 3.5 0.000
FFP 8.5±5.0 7.0 5.7±2.2 5.0 0.000
PS 2.1±1.3 2.0 2.1±1.3 2.0 0.936

Postoperative pulmonary complications
Pleural 
effusion 50–66.7% 8–15.4% 0.000

Atelectasis 33–44.0% 2–3.8% 0.000
Pneumonia 23–30.7 2–3.8% 0.000

Creatinine levels
Preoperative 0.78±0.26 0.7 0.73±0.23 0.7 0.279
Postoperative 
1st day 1.03±0.49 0.9 0.74±0.28 0.7 0.000

Postoperative 
2nd day 1.3±0.58 1.2 0.78±0.41 0.7 0.000

Acute Kidney Injury
Stage I 29–38.7% 1–1.9% 0.000
Stage II 15–20% 2–3.8% 0.000
Stage III 5–6.7% 0–0.0% 0.000

MELD: Model for end-stage liver disease, MV: Mechanical ventilation, ICU: Intensive 
care unit ES: Erythroid suspension, FFP: Fresh frozen plasma, PS: Platelet suspension

Table 3. Early postoperative complications
Grup I Grup II

p
n % n %

sepsis 21 28% 1 1.9% 0.000
Acute Renal Failure 30 40% 3 5.8% 0.000
Pneumonia 23 30.7% 2 3.8% 0.000
Bleeding / Transfusion 20 26.7% 2 3.8% 0.001
Failed weaning 11 14.7% 0 0% 0.004
Reintubation 4 5.3% 0 0% 0.144
Pulmoneredema 5 6.7% 0 0% 0.057
Urinary tract infection 15 20% 0 0% 0.001
Cardiac problems 8 10.7% 1 1.9% 0.059
Retransplantation 3 4.0% 0 0% 0.269
Eksitus 4 5.3% 0 0% 0.144
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stage liver failure and received liver transplantation. 
Decreased albumin synthesis, protein leakage to the 
interstitial area, blood loss in the perioperative period, 
relocation of the protein pool, peroperative and 
postoperative fluid resuscitation, and postoperative 
immunosuppressive agents are included in the etiology 
of hypoalbuminemia (6).

The most common complications in the postoperative 
period are pulmonary complications. The only 
laboratory test can predict the postoperative pulmonary 
complications that may develop in the preoperative 
period is the serum albumin value. The oxidation and 
degradation of albumin affect bioactive lipid mediators, 
which play an important role in antimicrobial defense 
and repair. Therefore, albumin level affects the 
development of postoperative infection, and the level of 
hypoalbuminemia is considered to be correlated with 
the severity of infection (7). Haskins et al. (8) reported 
that preoperative hypoalbuminemia increased the rate 
of pneumonia and reintubation in the postoperative 
period and caused prolonged mechanical ventilation 
in their study on patients with colon cancer. Yang et 
al. (9) also found in their study that hypoalbuminemia 
prolongs the duration of mechanical ventilation 
and it is one of the markers predicting the success 
of weaning in patients on mechanical ventilation 
support. It has been determined that, patients with 
hypoalbuminemia in the pediatric intensive care unit 
have longer mechanical ventilation periods and lower 
discharge rates from the intensive care unit. (10) It has 
been reported that, preoperative hypoalbuminemia 
increases the dependence on mechanical ventilator in 
patients undergoing coronary bypass surgery. (11), In 
another study, it was reported that, hypoalbuminemia 
increased all cardiac and pulmonary complications and 
the rate of emergency intubation. (12)

In this study, the rate of postoperative pulmonary 
complications (atelectasis, pleural effusion, pneumonia) 
was found to be higher in the patient group with low 
serum albumin levels. At the same time, weaning times 
were found to be longer in this group too. However, 
no significant difference was found in arterial blood 
gas samples taken to evaluate the postoperative 
pulmonary functions. It can be explained as the reason 
for this is close follow-up of mechanical ventilation 
settings and electrolyte values and the application of 
rapid replacement in order to keep the monitoring 
parameters within physiological limits.

Acute kidney injury is one of the major complications 
after liver transplantation. Its frequency is variable 
due to the variety of tests used in patient selection, 
classification, and evaluation of renal function. 
However, the common result in the studies shows that 

acute kidney injury and failure are common after liver 
transplantation which is found to be associated with 
increased cost, mortality, and morbidity. Wiederman 
et al. in the meta-analysis study (13), it was stated that 
serum albumin level could be used as an independent 
marker in the prediction of acute kidney injury, and it 
was also reported that the rate of acute kidney injury 
increased by 134% for each 1 g/dL decrease in serum 
albumin level. Preoperative hypoalbuminemia has been 
independently associated with acute kidney injury in 
non-cardiac surgeries. (14) Sang et al. it was shown in 
a study by AKI that postoperative hypoalbuminemia is 
associated with AKI. (15) In this study, it was found 
that 48-hour creatinine levels were higher in patients 
in the hypoalbuminemia group and the development of 
acute kidney injury was higher in these patients.

In patients with end-stage liver failure, hemostasis 
balance is impaired in favor of coagulopathy with 
physiopathological changes. When major surgery 
such as liver transplantation is added to the existing 
coagulopathy, massive blood transfusion is frequently 
appliedfor these patients. Although the use of blood 
has decreased continuously with the development 
of surgical and anesthesia techniques, better graft 
preservation, preoperative anemia treatment, better 
intraoperative monitoring of coagulation status, 
and pharmacological treatment of fibrinolysis, 
orthotopic liver transplantation often presents with 
an increased need for transfusion. Although it is 
difficult to predict the need for transfusion, studies 
have shown that the preoperative albumin level can 
be used to predict the amount of intraoperative 
transfusion. Kim et al. (5) reported that, preoperative 
hypoalbuminemia increased peroperative erythrocyte 
suspension transfusion in patients who underwent 
radical nephrectomy. Erdost et al. (16) in his study 
reported that, the use of intraoperative erythrocyte 
suspension and fresh frozen plasma increased in 
patients with preoperative hypoalbuminemia who 
developed acute kidney injury. Similarly, studies in 
which hypoalbuminemia and increased transfusion 
rate are reported in literature. (12,17) In this study, the 
rate of intraoperative erythrocyte suspension and fresh 
frozen plasma transfusion was found to be higher in 
the patient group with preoperative hypoalbuminemia.

Gibbs et al. reported that a decrease below 1 g/L in 
serum albumin level is associated with an increase in 
mortality rates from 1% to 29% and morbidity rates 
from 10% to 65% in non-cardiac surgeries. They also 
reported that hypoalbuminemia is a better indicator of 
some types of morbidity, especially sepsis and major 
infections. (1)
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In the study in which the results were compared 
according to albumin levels of 30,676 patients who 
had colorectal cancer surgery, in the hypoalbuminemia 
group 30-day mortality was 3.7%, DVT 2.7%, 
pneumonia 4%, sepsis 4.1%, acute renal failure 0.9%, 
and these values were found to be significantly higher 
than the normal albumin level group (17).  In another 
study, the 30-day mortality was found to be 16.3% in 
the hypoalbuminemia group, and significantly higher 
than the normal albumin level group (4.3%) (18). 
In the study, in which 204819 patient data from 16 
major operations were included, postoperative 30-day 
mortality was 3.81%, pulmonary complications 8.78%, 
and sepsis 8.09% in the hypoalbuminemia group (19). 
In this study, sepsis was 28%, pneumonia was 30.7%, 
and 30-day mortality was 5.3%. It was thought that 
the high complication rates obtained were related to 
the long duration of the liver transplant operation, the 
high need for blood and blood products, and the longer 
length of stay in the intensive care unit and hospital.

CONCLUSION
As a result; Albumin is the most abundant protein 
in the plasma and undertakes many important 
functions. The measurement of this protein level, 
which is easily accessible and cost-effective, has 
become one of the routine laboratory tests evaluated 
preoperatively. In this study, the relationship between 
preoperative serum albumin level and postoperative 
mortality and morbidity were examined, and revealed 
that preoperative hypoalbuminemia causes many 
postoperative complications and is a strong indicator of 
early mortality. Based on these effects, it is concluded 
that albumin can be used as a guide and a valuable 
parameter in postoperative follow-up in the detection 
of perioperative and postoperative complications.

The retrospective nature and the inaccessibility of some 
patient files are the main limitations of the study.
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ABSTRACT
Intestinal duplications are congenital anomalies usually seen in infancy. Since it is congenital, they often become symptomatic 
in childhood. Usually diagnosed by adulthood. Those seen in childhood are mostly seen in the part from the oral cavity to the 
middle of the transverse colon, which is defined as the foregut and midgut embryologically. In our case report, we presented 
a female patient who was diagnosed both in adulthood and presented with ileus caused by duplication in the sigmoid colon. 
A 24-year-old female patient was admitted with the complaints of intermittent constipation and inability to pass gas and stool 
for 3 days. It was thought that the pathology observed in the sigmoid colon in the  abdominal CT with contrast was due to 
torsion. Urgent surgery was decided for the patient. During the operation, it was observed that there was duplication in the 
sigmoid colon and torsion developed due to this. The patient underwent anterior resection and end-to-end anastomosis. She 
was discharged with surgical recovery in the postoperative period. Intestinal duplications are congenital anomalies that are 
usually seen in infancy. However, although rarely, it can be detected in adulthood, as in the patient we presented. Duplication 
anomalies should be kept in mind in the differential diagnosis of patients with chronic constipation and abdominal pain.

Keywords: Sigmoid colon, duplication, ileus

INTRODUCTION
Intestinal duplications are congenital anomalies that are 
seen with a high rate under 2 years of age. It is seen in 
approximately 0.005-0.025% of births (1). It is usually 
observed in the intestinal tract up to the middle of the 
transverse colon and rarely seen in the sigmoid colon 
(2). Duplications may be cystic or tubular in nature. 
The patient’s complaints vary according to the location 
of the duplication (3). It may present with acute or 
chronic symptoms. Preoperative diagnosis is difficult. A 
pathogronomic finding cannot be found with imaging 
methods. Definitive treatment is surgery. Definitive 
diagnosis can be made by pathological examination of 
the resected intestinal segment. In our case report, we 
planned to present a 24-year-old female patient who was 
seen in adult age and presented with ileus, and to discuss 
the diagnosis and treatment of intestinal duplication.

CASE REPORT
A 24-year-old female patient presented to the emergency 
department with complaints of abdominal pain, nausea, 

vomiting and inability to pass gas and stool. Except that 
she had occasional constipation and abdominal pain in 
her history, there was no feature in her history and family 
history. On physical examination, there was abdominal 
distension and tenderness in the lower quadrants. There 
were no pathological findings except leukocytosis and 
CRP elevation in laboratory results. As a result of physical 
examination and tests done for the patient, sigmoid 
colon volvulus was suspected on computed tomography 
(Figure 1). Emergency surgery was decided for the patient. 
Peroperatively, it was observed that the possible duplication 
of the sigmoid colon, which ended with a blunt tip, which 
was approximately 40 cm long and reached a diameter of 10 
cm at its widest point, caused obstruction and the proximal 
intestinal loops were dilated. No perforation observed. 
Resection and end-to-end anastomosis were performed  
to this structure and the sigmoid colon to which it is 
associated (Figure 2). The patient, who had no problems 
in the postoperative follow-up, was discharged with 
surgical recovery. Pathological examination of the surgical 
specimen was consistent with sigmoid colon duplication.

https://orcid.org/0000-0002-1530-6999
https://orcid.org/0000-0002-1530-6999
https://orcid.org/0000-0002-1530-6999
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DISCUSSION

Gastrointestinal system duplications are very rare 
congenital anomalies that can occur in any part of the 
digestive tract. It is seen in approximately 0.005-0.025% 
of births. Diagnosis rate has increased with the use of 
intrauterine ultrasonography. Symptoms are observed 
in 67-80% of patients, mostly before the age of 2 years. 
Although it is seen in the abdomen at a rate of 80%, 
it can also occur in the thorax. Duplications seen in 

the digestive tract are most frequently observed in the 
ileum (30-35%) and the least in the colon (7-20%) (4 
-6). In the colon, it is most commonly observed in the 
transverse colon (3). Duplications may be cystic (80%) 
or tubular (20%) structurally (2,7). The low incidence 
of tubular colonic duplications explains that most 
patients remain asymptomatic until adulthood, as was 
the case in our patient. The patient we presented had a 
24-year-old sigmoid colon duplication presenting with 
ileus.

Classification of gastrointestinal duplications depends 
on their morphology and region of origin. In 1969, 
McPherson et al. (8) classified for colonic duplications. 
Accordingly, type 1 is simple cystic, type 2 is diverticular, 
type 3 is tubular colonic duplication. This classification 
can also be used to evaluate the duplication structurally. 
Tubular sigmoid colon duplication was also detected in 
the patient we presented.

Symptoms of intestinal duplications may vary depending 
on the region and type of duplication. Abdominal pain, 
constipation, swelling in the abdomen, rectal bleeding, 
volvulus are the symptoms and signs that can be seen. 
Although less common, Kang M et al. (9). It has also 
been reported that malignancy can also develop on the 
basis of duplication.

There is no definite finding that can diagnose intestinal 
system duplications with imaging methods. Even 
in duplications in the colonic tubular structure, 
duplication may be overlooked during colonoscopy 
due to the narrow junction with the colon or the 
fact that it is covered with stool. Contrast-enhanced 
abdominal tomography and barium enema can provide 
more information than other methods. However, there 
is still no definitive preoperative imaging method. In 
patients with chronic symptoms, surgery is important 
in terms of elimination of symptoms and diagnosis. 
Since some of the patients present with the clinic of 
acute abdomen, the diagnosis can be made during 
the operation and with the pathological examination 
in the postoperative period. In the case we presented 
, the patient who had ileus in the preoperative period 
was thought to have sigmoid colon volvulus as a 
result of tests . The tomography finding was that there 
may be sigmoid colon duplication, cyst, mass and 
volvulus. In the exploration, sigmoid colon torsion 
was observed due to duplication in the sigmoid colon. 
Accordingly, the proximal intestinal loops were dilated. 
The patient underwent anterior resection and end-to-
end anastomosis, including duplication. Pathological 
evaluation was consistent with sigmoid colon 
duplication. No malignancy was detected.

Figure 1. Volvulus-like image on tomography

Figure 2. Sigmoid colon and duplication resection material
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CONCLUSION
Most of the duplications in the gastrointestinal tract are 
seen and treated under the age of 2 years. As in the rare 
case we presented, it may remain asymptomatic until 
adulthood and present with acute or chronic symptoms. 
Intestinal duplications should be kept in mind in adults 
with symptoms such as abdominal pain and constipation 
or in the differential diagnosis of bowel obstructions.
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In the article with “Tezcan Ş, Bekar Ü, Gürbüz Onbaşıoğlu M, Ergin G. The validity and agreement of PI-RADS 
v2 in the diagnosis of prostate cancer. Anatolian Curr Med J 2021; 3(4); 303-309” citation information which 
was published (Date: 24.09.2021) in the fourth issue of third volume of Anatolian Current Medical Journal, authors 
noticed a misreport in the number of the included and excluded patients in the “Material and Method” section and 
Figure 1. Authors apologize to the readers for the mistake. In this paper, additional explanations and corrections 
are reported to remedy the mistake.
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1. The number of included and excluded patients 
in the study was inadvertently misspelled in the 
section of “Study Population” in the “Material 
and Method” on page 304. It is understood that 
some mistakes were made inadvertently in the 
writing of the sentences which were “146 patients 
with clinically suspected PC based on blood PSA 
or clinical examination with no prior biopsy or 
with prior negative biopsy who were underwent 
mpMRI between January 2017 and January 2020 
were enrolled in this study. Of these patients, 41 
patients who had not histopathologic evaluation 
in our hospital were excluded from this study.” in 
this section. In those sentences, the total number of 
patients must be written as 246 patients instead of 
146 patients and the number of excluded patients 
must be written as 141 patients instead of 41 
patients. As a result, the sentences should have been 
as follows: “246 patients with clinically suspected 
PC based on blood PSA or clinical examination 

with no prior biopsy or with prior negative biopsy 
who were underwent mpMRI between January 
2017 and January 2020 were enrolled in this 
study. Of these patients, 141 patients who had not 
histopathologic evaluation in our hospital were 
excluded from this study.”. Consequently, those 
corrections do not affect the number of patients 
ultimately included, statistical analysis, results and 
conclusion of this study. 

2. The number of included and excluded patients 
was also inadvertently misspelled in the flowchart 
showing the included and excluded patients in 
Figure 1 on page 305. This flowchart was also 
corrected and the accurate form of the flowchart 
was shown in Figure 1 below the text.
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Figure 1. Flowchart of inclusion and exclusion criteria of study 
sample

Patients who had suspicious 
clinical or laboratory findings 

N=246

Patients who had not 
histopathologic evaluation 

in our hospital 

N=141

Patients who had 
histopathologic confirmation 

in our hospital 

N=105

Positive for 
prostate cancer 

N=34

Negative for 
prostate cancer

N=71

Patients with 
poor image 

quality of contrast 
enhanced images 

N=2

Patients who were
 excluded due to 
simple random 

sampling method 

N=38

Study group

Cancer group 

N=32

Control group 

N=33
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than the authors. It is published before the articles in the journal.
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4. Figures and Table Titles
Titles should be written after the references. Each must be submitted as a separate image file (at least 300 dpi 
resolution, jpg).
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For other reference styles, see “ICMJE Uniform Requirements for Manuscripts Submitted to Biomedical Journals: 
Sample References”.

Eder I hereby declare that all or part of the material in this study has not previously been published in any place and 
is not currently being evaluated elsewhere for publication. electronic submissions and all kinds of pre-declarations.
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-Editor to Presentation Page

-Title Page
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• “Conflict of Interest”
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-Main Text

-Copyright Transfer Form
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journal and it is not under consideration and it is authors’ own work’ should be written in a Conflict of Interest 
statement’
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telephone, Orcid no (mandatory since 2019) and E-mail addresses of all authors. Special names and lowercase 
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Figure Titles, Tables. This page will not contain author names or institution information.

4. Font: Titles should be “Times New Roman 12 and 12 pt, with 11 pt, double-spaced line spacing and 2.5 cm 
indentation in all areas.

5. Abstract: Abstract should begin with the title ABSTRACT and include the sections “Introduction/Aim, Material 
and Method, Findings/Results, Conclusion”.

6. Keywords should be added under the abstract in “Keywords”, under “Abstract”. Keywords should be at least 3, 
at most 6 words, separated by commas, and should be MeSH-compliant.

7. Material and Method section should indicate the approval of the Ethics Committee (it is recommended to 
include the place, date, ethics committee number). In articles that do not require Ethics Committee Approval, it 
should be stated that the Approval/Permission of the Institution has been obtained (in order to avoid Conflict of 
Interest). Related documents should be sent on request. It should be noted that the author (s) is responsible for 
ethical problems.

8. Statistical terms (such as p, r, α) should not be used in the discussion.
9. “Financial Support/Conflict of Interest Status”; should be stated before the bibliography and “Acknowledgment” 

should be written before the bibliography.
10. References Representation; should be as detailed in the spelling rules. Journal’s number number “(2)” is not in 

bibliography. In articles with up to six authors, the names of all authors should be written (with the first letter of 
surname and first name), and for articles with seven or more authors, the first three authors should be cited as 
et al (et al.). The name of the manuscript should be in the form of sentence usage (except for special names and 
first letter). The journal should be given a short name. A space must be left between the punctuation marks 
after the journal name.

11. Tables, Graphs, Pictures and Figures should be placed under a separate title after the bibliography. Figures/
Images (at least 300 dpi resolution, must be jpeg file) and Tables should be submitted as one or more separate 
files.

12. Copyright Transfer Form: Must be filled in the original language of the manuscript. It must be signed by all 
authors. In the absence of the signature of all authors, the Corresponding Author may take responsibility and 
sign on behalf of all authors.

13. Similarity rate (recommended with Ithenticate) should be below 20%.


