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Disease Diagnosis Distribution in Patients with Anemia and
Elevated Sedimentation Above 50 mm/hr: A Single-center
Experience

Anemi ve 50 mm/saat Uzerinde Sedimentasyon Yiiksekligi Olan Hastalarda
Hastalik Tani Dagilimi: Tek-merkez Deneyim

® Tuba Eriirker Oztirk!, ® Ali KeskinZ ® Can Ozli3, @ ismail Sari*,@ Sibel Hacioglu®,
@ Ilkay Guler®

Denizli Denipol Hospital, Clinic of Gastroenterology, Denizli, Tiirkiye

“Denizli Ozel Saglik Hospital, Clinic of Hematology, Denizli, Tiirkiye

3K[Jtahya Health Science University Faculty of Medicine, Department of Hematology, Kiitahya, Ttirkiye

*Memorial Atasehir Hospital, Clinic of Hematology, Istanbul, Tiirkiye

°Pamukkale University Hospital, Department of Hematology, Denizli, Tiirkiye

6Republic of Tiirkiye, Ministry of Health, General Directorate of Public Hospitals, Speciality of General Surgery, Ankara, Tiirkiye

Background: Erythrocyte sedimentation rate (ESR) is a simple and inexpensive blood test with low sensitivity and specificity.
However, it can be affected by many factors and there is no limit value valid for all patients. Anemia is also a phonemenon that
should be investigated for many diseases. Sedimentation is a criterion in the diagnosis and follow-up of diseases in which both
inflammation and autoimmunity are considered to be involved in the etiology, such as temporal arteritis and inflammatory bowel
disease. A sedimentation rate of 50 mm/h or less is an exclusion criterion in vasculitis. In this study, we aimed to determine the
distribution of disease diagnosis in patients with elevated sedimentation above 50 mm/h and anemia.

Materials and Methods: Ethics committee approval numbered B.30.2.PAU.0.20.05.09/187 was obtained for the study. The data of
300 patients with anemia and elevated sedimentation who were admitted to the Outpatient Clinic of Pamukkale University Hospital
Internal Medicine and related subspecialties and who were hospitalized in the wards of Pamukkale University Hospital Internal
Medicine and related subspecialties between November 2011 and November 2012 were retrospectively analyzed.

Results: A total of 300 patients with ESR exceeding 50 mm/h and anemia were identified. Of the patients, 154 were female (51.3%)
and 146 were male (48.7%). The mean age of the women was 59.08+19.0 years and the mean age of the men was 62.4+14.1 years.
The mean ESR was 77.55%21.21 mm/h in women and 82.89%19.24 mm/h in men. The mean hemoglobin was 10.31#1.60 g/dL in
women and 10.69+1.52 g/dL in men. In the distribution according to disease groups,oncologic diseases had the highest rate (27.9%)
and pulmonary diseases had the lowest rate (1%).

ABSTRACT

Conclusion: No difference was detected in the diagnostic distribution of the patients after lowering the lower limit of ESR to 50
mm/h compared to the literature. When the correlation between hemoglobin and ESR was examined, it was determined that ESR
increased as hemoglobin decreased. We recommend differential diagnosis with further investigation especially in patients with high
ESR accompanied by anemia.

Keywords: Anemia, cancer, erythrocyte sedimentation rate, inflammation, malignancy
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Amag: Eritrosit sedimentasyon hizi (ESH) basit ve ucuz, ancak duyarliligi ve 6zgunlugu diistk bir kan testidir. Ancak bircok faktorden
etkilenebilir ve herkes icin gegerli bir sinir degeri yoktur. Anemi de birgok hastalik i¢in arastirilmasi gereken bir bulgudur. Temporal
arterit ve enflamatuvar bagirsak hastaligi gibi etiyolojisinde hem enflamasyonun hem de otoimmiinitenin rol aldigi distinulen
hastaliklarin tani ve takibinde sedimentasyon bir kriterdir. Vaskilitlerde 50 mm/saat ve altinda olmasi bir dislanma kriteridir. Bu
calismada 50 mm/saat lizerinde sedimentasyon yiiksekligi ve anemisi olan hastalarda hastalik tani dagilimini belirlemeyi planladik.

Gereg ve Yontemler: Calisma icin B.30.2.PAU.0.20.05.09/187 sayili etik kurul onayi alindi. Kasim 2011 ile Kasim 2012 arasinda
Pamukkale Universite Hastanesi i¢ Hastaliklari ve ilgili yan dallarinin poliklinigine basvurmus ve Pamukkale Universite Hastanesi
I¢ Hastaliklari ve ilgili yan dallarinin servislerinde yatirilarak takip edilen anemi ve sedimentasyon yiiksekligi olan 300 hastanin
verileri retrospektif incelendi.

Bulgular: ESH'si 50 mm/sa’yi gecen ve anemisi olan 300 hasta belirlendi. Hastalarin 154G kadin (%51,3) 146’s1 erkekti (%48,7).
Kadinlarin yas ortalamasi 59,08+19,0 yil, erkeklerin yas ortalamasi ise 62,4*14,1 yil olarak tespit edildi. ESH kadinlarda ortalama
77,55%21,21 mm/sa, erkeklerde ise 82,89£19,24 mm/sa saptandi. Hemoglobin kadinlarda ortalama 10,31£1,60 g/dL, erkeklerde ise
10,69+1,52 g/dL saptandi. Hastalik gruplarina gére dagilimda en yiiksek orani onkolojik hastaliklar alirken (%27,9),en az hasta iceren
grup ise gogus hastaliklari (%1) olmustur.

Sonug: ESH alt sininni 50 mm/sa’ye dustirmekle hastalarin tani dagiliminda literatirle karsilastirildiginda farklilik saptanmadi.
Hemoglobin ile ESH arasindaki korelasyona bakildiginda hemoglobinin diistiikce ESH'nin arttigi saptandi. Ozellikle yiiksek ESH'ye

aneminin eslik ettigi hastalarda ileri tetkik ile ayirici taninin yapilmasini oneririz.

Anahtar Kelimeler: Anemi, kanser, eritrosit sedimentasyon hizi, enflamasyon, malignite

Introduction

The most valuable test in the determination of anemia
is hemoglobin determination (1,2,3). According to the
definition of the World Health Organization, anemia is
defined as a hemoglobin level below 13 g/dL in men over
the age of 15,12 g/dL in women over the age of 15 who are
not pregnant,and 11 g/dL in pregnant women (4).

The sedimentation rate is a diagnostic aid in many
diseases. It is a blood test which is widely used, simple and
results are obtained in a short time, but has low sensitivity
and specificity (5,6,7,8). Erythrocyte sedimentation rate (ESR)
displaysaphysiologicincrease withage.ltismeasured higher
inwomen than in men,in patients with hypercholesterolemia
than in those without hypercholesterolemia and at low
altitude than at high altitude (9,10). Commonly accepted
reference values have been determined as 15 in men under
the age of 50 years and 20 in women, 20 in men aged 50-85
years and 30 in women,and 30 in men over 85 years and 42
mm/h in women.

ESR is a helpful test for inflammatory, malignant and
infectious diseases in the clinic and provides general
information about body temperature, pulse and leukocyte
count. In case of increased ESR, the patient’s age, gender
and medications should be taken into consideration.

ESR is one of the tests frequently utilized in the
evaluation of acute phase response. Acute phase reaction
includes events (inflammation, coagulation, complement
activation, endothelial activation) characterized by the
development of a number of simultaneous or successive
reactions  (inflammation, coagulation, complement

activation, endothelial activation) with cytokines released
from the responding cells (polymorph nucleated leukocytes,
antigen presenting cells and endothelium) in the presence
of a stimulus (11).

Stimuli  (infection, trauma, immunologic/allergic
reactions, surgical intervention, hypoxia, burn, malignancy)
that lead to the development of an acute phase reaction
cause tissue damage. Cytokine release occurs within 1-2
hours following the onset of inflammation, with the earliest
response being neutrophilia and fever. Subsequently, serum
iron and zinc levels decrease and the synthesis of some
proteins in the liver is affected. When tissue damage occurs,
especially serum fibrinogen, serum amyloid A protein and
C-reactive protein (CRP) levels increase and albumin levels
decrease. The increase in many asymmetric molecules such
as fibrinogen and gammaglobulin accelerates erythrocyte
aggregation. ESR increases. In our study, we evaluated the
relationship between anemia and ESR.

Material and Methods

Ethics committee approval numbered
B.30.2.PAU.0.20.05.09/187 was obtained for the study. The
files of approximately 4.000 patients who were admitted
to the Outpatient Clinics of Pamukkale University Hospital
Internal Medicine and related subspecialties and who were
hospitalized and followed up in the wards of Pamukkale
University Hospital Internal Medicine and related
subspecialties between November 2011 and November
2012 were retrospectively scanned in Probel HIS computer
system. Those with ESR exceeding 50 mm/h and anemia
were evaluated in accordance with the study criteria and
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300 patients were included. If there was more than one ESR
exceeding 50 mm/h during the measurements, the ESR with
the highest value was recorded. The Hb level at the highest
ESR value was recorded if it was below 13 g/dL in men and
below 12 g/dL in women. Patients with ESR above 50 mm/h
without anemia were excluded from the study. If there was
more than one diagnosis, patients were enrolled in the
most probable diagnostic groups that would increase ESR
above 50 mm/h. The patient’s age, gender, comorbidities, if
any, medication use, ESR, hemoglobin level, bone marrow
aspiration and biopsy, if any,and diagnosis were recorded.

Statistical Analysis

In the descriptive thesis, the data were evaluated in the
SPSS 23.0 package program and the results were expresses
as %, mean, and standard deviation. A p-value below 0.05
was considered significant.

Results

Of the 300 patients with anemia and ESR above 50
mm/h, 154 were female (51.3%) and 146 were male (48.7%)
(Table 1). The mean age of the women was 59.08+19.0
years and the mean age of the men was 62.4+14.1 years.
Demographic and laboratory findings of the patients are
summarized in Tables 1, 2 and 3. Of the 300 patients, 130
(43.2%) had known chronic diseases while 170 (56.8%) had
no known chronic disease. Of the 300 patients, 118 (39.3%)
were taking medication while 182 (60.7%) were not. Fifty-
one patients (17%) underwent bone marrow aspiration
biopsy for further investigation and 22 patients (7.3%) had
malign infiltration.According to the bone marrow infiltration
of 22 patients, lymphoma in 10 patients, acute myeloblastic
leukemia in 6 patients, acute lymphoblastic leukemia in 4

Table 1. Demographic information and comorbidities of patients

Female Male
Number of patients 154 (51.3%) 146 (48.7%)
Mean age 59.08+19.0 year 62.4+14.1 year
History of comorbidities
« Diabetes mellitus type 2 24 (15%) 33 (22%)
 Hypertension 25 (16%) 24 (16%)
e Thyroid-related diseases 6 (3%) 1 (1%)
¢ Rheumatologic diseases 5 (3%) Absent
e Coronary artery disease 5 (3%) 11 (7%)
¢ History of malignancy 3 (2%) 5 (3%)
« Congestive heart failure 2 (1%) 3 (2%)
;iLr;f;es:;nmatory intestinal Absent 2 (1%)
History of medication use 55 (35%) 63 (43%)

patients and Waldenstrom macroglobulinemia in 2 patients
were diagnosed.

When age groups were analyzed, the highest number of
patients were between the ages of 60-70 years (75 patients)
and the lowest number of patients were between the ages
of 15-30 years (19 patients). When ESR was compared
between age groups, the highest ESR was found between
the ages of 60-70 years. When the ESR of the patient group
under 30 years of age was compared with the ESR of the
patient groups aged 30-39, 40-49, 50-59, 60-69, 70-79 and
80-100 years, the ESR of the patients in the 40-49, 50-
59, 60-69, 70-79 age groups was found to be significantly
higher (p=0.01; 0.04; 0.04; 0.03). According to the diagnosis
groups, the highest mean ESR value was observed in the
oncologic patient group (Table 4).

In the distribution by disease groups, oncological
diseases and malign hematological diseases had the
highest proportion (27.9%),followed by infectious diseases
(19.9%), nephrological diseases (13.3%), rheumatological
diseases (10.6%), gastroenterological diseases (9.6%),
cardiovascular diseases (7.3%), endocrinological diseases
(2.7%), and benign hematological diseases (2.3%). The
group with the least number of patients was pulmonary
diseases (1%) (Figures 1, 2). 5% patients could not be
included in any group. The highest ESR was 140 mm/h
in a 21-year-old female patient with active ulcerative
colitis. In males, the highest ESR of 140 mm/h was
recorded in a 70-year-old patient with Waldenstrém
Macroglobulinemia.

When the correlation between hemoglobin and ESR
was examined, it was determined that ESR increased as
hemoglobin decreased. Diagnosis groups were compared
with each other in terms of ESR. ESR of malignancy
patients was significantly higher than ESR of cardiology,

= Rheumatology
Infection diseases
Cardiology
Oncology

= Gastroenterology and
Hepatology

= Hematology

= Nephrology

= Pulmonary Diseases

= Endocrinology

Figure 1. Distribution of patients by diagnostic group in females
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gastroenterology and endocrinology patients (p=0.05; 0.01;
0.02).

We divided the patients into 4 groups accordingtoanemia
type. Patients diagnosed with hematologic malignancy were
included in group 1, patients with iron deficiency anemia
were included in group 2, patients with chronic disease
anemia were included in group 3, and patients other than
these anemias were included in group 4. The rates were

8.4% in group 1, 10.4% in group 2, 74.0% in group 3, and
7.1% in group 4 (Figure 3).In men, 6.2% in group 1,7.5% in
group 2,84.2% in group 3,and 2.1% in group 4 (Figure 4).
Anemia types and ESR groups were compared and no
significance was found between them (p=0.86). Albumin
globulin ratio of 206 patients was analyzed. The number
of female and male patients with an albumin globulin ratio
below 1 was 34 and 49, respectively. There was a negative

Table 2. Biochemical and hematologic values of female patients included in the study

Laboratory data Number of patients Mean Min Max
White cell count (K/uL) 154 9.50+8.72 0,68 70,9
Neutrophil count (K/uL) 154 6.02%5.56 0,02 52,60
Lymphocyte count (K/uL) 154 2.23%+3.99 0,29 40,09
Hb* (g/dL) 154 10.69%1.52 2,8 119
MCV* (%) 154 85.36%9.38 57 113
RDW* (%) 154 15.72%2.28 11,2 25
Ferritin (ng/mL) 94 339.65+502.43 2,4 2000
Vitamin B12 (pg/mL) 92 637.43%542.43 99,4 2000
Folic acid (ng/mL) 89 14.42+32.55 38 315
Albumin (g/dL) 147 3.44+0.65 2 5,2
Globulin (g/dL) 103 3.32+1 1,59 771
Albumin/globulin 103 1.11+0.37 0,16 2,36
C-reactive protein (mg/dL) 135 6.60%9.59 0,04 49
Blood urea nitrogen (mg/dL) 127 20.19%16.5 3 92
Creatinine (mg/dL) 145 1.13%£1.21 0,29 6,3
*HB: Hemoglobin, MCV: Mean corpuscular volume, RDW: Red cell distribution width

Table 3. Biochemical and hematologic values of the male patients included in the study

Laboratory data Number of patients Mean value Min value Max value
White cell count (K/uL) 146 9.40%5.68 0.58 49.8
Neutrophil count (K/uL) 146 6.45%4.09 0.10 29.2
Lymphocyte count (K/uL) 146 1.88+3.39 0.19 42.2
Hb* (g/dL) 146 10.31+1.60 5.1 129
MCV* (%) 146 85.36%9.38 59 117
RDW* (%) 146 15.72%2.28 11.7 30
Ferritin (ng/mL) 85 435+461.51 2.2 2341
Vitamin B12 (pg/mL) 92 581.01+506.78 44 2000
Folic acid (ng/mL) 85 12.94+30.82 3.3 286
Albumin (g/dL) 148 3.38%0.69 1.88 4.95
Globulin (g/dL) 103 3.35%1.35 1.02 11.9
Albumin/globulin 103 1.09+0.37 0.16 2.13
C-reactive protein (mg/dL) 142 7.70£8.12 0 38
Blood urea nitrogen (mg/dL) 141 25.82+21.85 2 112
Creatinine (mg/dL) 148 1.64+1.79 0.4 8.4

*HB: Hemoglobin, MCV: Mean corpuscular volume, RDW: Red cell distribution width
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correlation between albumin globulin ratio and ESR
(Pearson correlation =-0.37 for women, Pearson correlation
=-0.24 for men). There was a positive correlation between
CRP and ESR (pearson correlation =0.19).

Discussion

Both ESR and hemoglobin values vary according to
the age and gender of the patient (12). In the study of
Aysalar et al. (13) including 500 patients, a very weak
positive correlation was observed between age and ESR in
all patients. It was found that ESR increased with a very
weak correlation as age increased (r=0.186, p=0.0001).
The correlation coefficient of this very weak relationship
was r=0.182 (p=0.001) in women and r=0.170 (p=0.02) in
men. A very weak correlation was determined between ESR

= Rheumatology
Infection Diseases
Cardiology
Oncology

= Gastroenterology and
Hepatology

= Hematology

= Nephrology

= Pulmonary Diseases

= Endocrinology

= Other

Figure 2. Distribution of patients by diagnostic group in males

Table 4. ESR according to diagnostic groups

Mean value Minvalue | Maxvalue
(mm/sa) (mm/sa) (mm/sa)
Rheumatic diseases 79.09+18.63 52 110
Infectious diseases 81.0519.77 52 123
Cardiological diseases | 72.55+18.07 52 116
Oncological diseases 86.46%21.40 52 140
Gastrointestinal
and hepaticobiliary 74.14%19.56 50 140
diseases
Hematologic diseases | 69.57+21.18 52 115
bR D 81.42¢20.68 | 52 120
diseases
Pulmonary diseases 75.0£14.73 59 88
Endocrinologic 72258196 | 53 99
diseases

and age in both genders (13). When ESR was evaluated
according to age groups in our study, it was determined that
ESR increased with increasing age in the ESR of the patient
group up to the age of 70 years. ESR, which is expected to
increase with increasing age, was determined to be lower
in patients older than 70 years in our study compared to
patients in the 15-69 age group.

Acceleration in ESR is more frequent in solid tumors
than in hematologic malignancies. Lung, breast, colorectal
and urinary system tumors are frequently associated with
high ESR (14,15). In our study, the highest ESR was detected
in the oncologic patient group and the lowest ESR was
found in the pulmonology patient group.

Cengiz et al. (16) evaluated the distribution of disease
diagnosis in 110 patients aged 65 years and older with
ESR of 80 mm/h and above who were followed up in a
geriatrics clinic. In the distribution by disease groups,
infectious diseases had the highest proportion (48.2%)
and oncologic diseases had the second highest proportion
(17.3%). The most common infectious disease was

® Hematological malignancies
® Iron defencies

Cronic diseases
® Other

Figure 3. Distribution of patients according to anemia type in
LEYEIES

o Hematological malignancies
@ !Iron defencies

Cronic diseases
@ Other

Figure 4. Distribution of patients according to anemia type in
INEIES
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pneumonia with 37.7%. The most common malignancy
was multiple myeloma with 32%. In our study, 16% of
the patients had hypertension, 1.3% had coronary artery
disease, 15% had type 2 diabetes mellitus and 56.8% had
no known history of chronic diseases.

Haque et al. (17) evaluated 100 patients with ESR
above 100 mm/h. The most common complaints of the
patients were high fever, general malaise and pallor.
While hematologic oncologic diseases were found in 41%,
infectious diseases were detected in 36%. In our study, the
most common complaint of the patients was fatigue with a
rate of 30%.

Lluberas-Acosta and Schumacher (12) detected
infection in 43, malignancy in 16,rheumatologic disease in
30, inflammatory disease in 7, renal dysfunction in 25 and
diseases from different systems in 38 of 162 hospitalized
patients with elevated ESR. Similarly, in a study conducted
in Zimbabwe, infection was observed in 46, malignancy
in 25, connective tissue disease in 17, kidney disease in
8 and liver disease in 5 of 101 patients with high ESR. In
this study, pneumonia was found to be the most common
infectious cause of elevated ESR, while multiple myeloma
was the most common malignancy with the highest ESR
(18). In our study, the highest ESR was found in patients
diagnosed with ulcerative colitis and Waldenstrom
Macroglobulinemia.

Kocabas (19) of the 361 patients diagnosed with ESR
above 100 mm/h, 41 (10.65%) had hematologic diseases
and 146 (37.92%) had neoplastic diseases (including
hematologic). Infectious diseases were detected in 172
(44.68%) patients, musculoskeletal and connective tissue
diseases in 34 (8.83%) patients, chronic renal failure in 40
(10.39%) patients.

Baicus et al. (20), in a study conducted in Romania,
determined that the likelihood of cancer increased with
age in the presence of high ESR (>29 mm/h) and anemia;
the positive predictive value was 64% and the negative
predictive value was 91% in the presence of advanced
age (>65), anemia and high ESR; neither age nor ESR nor
anemia could rule out cancer, but they could increase the
likelihood of cancer from 24% to 64% or decrease it from
24% to 9%.

Arvidson et al.(21) reported no correlation between daily
activity score and ESR in patients with rheumatoid arthritis,
but determined that CRP and fibrinogen levels were closely
related and that fibrinogen determination would be more
accurate than ESR in determining disease activity.

Bridgen (8) stated that ESR is still very useful when
used meticulously; ESR above 100 mm/h is sufficiently
sensitive, specific and significant and is related to a serious
underlying disease with a 90% probability; in the presence

of an extremely high ESR in an asymptomatic person,
a conclusion can usually be reached with a few simple
tests; if not, the test should be repeated after waiting a
few months before starting very detailed and expensive
examinations; and the use of ESR as a screening test would
not be appropriate (22). In our study, ESR was detected to be
100 mm/h or above in 17.5% of women and 23.9% of men.
Malignancy was detected in 48.1% and infection in 14.8%
of 27 female patients with ESR 2100 mm/h. Among 35 male
patients with ESR 2100 mm/h, 31.4% had malignancy and
28.5% had infection (23).

In vasculitis, a sedimentation rate of 50 mm/hour and
below is an exclusion criterion (24). When the literature was
reviewed,the lower limit value of ESR was determined as 100
mm/h in studies to determine the diagnostic distribution in
patients with high ESR. In our study, the lower limit value
of ESR was set as 50 mm/h, aiming to reach a wider patient
group. Asymptomatic patients with anemia in addition to
elevated ESR were included to exclude asymptomatic,
unexplained patients with elevated ESR but followed up
healthy patients. When compared with the literature, similar
disease distributions were obtained. In the study by Sari et
al. (23) differently, in the distribution according to disease
groups with ESR exceeding 100 mm/h, rheumatic diseases
had the highest rate (30%) and cardiovascular diseases had
the lowest rate (3%).

Baicus et al. (20) examined age, ESR and anemia values
in 431 patients with weight loss. Cancer was diagnosed
in 24% of the patients with further investigation. They
recommended that patients with complaints of weight loss
should be evaluated together with age, ESR and anemia and
demonstrated the necessity of further examination in terms
of cancer.

ESR is a diagnostic criterion in giant cell arteritis and
polymyalgia rheumatica diseases and is always elevated
in patients with giant cell arteritis, frequently above 90
mm/h (25,26). In our study, 1 patient was diagnosed with
Polymyalgia Rheumatica and ESR was measured as 90
mm/h.

Gamaldo et al. (27) prospectively evaluated 827
patients aged 50-96 years with neurologic diseases such
as cerebrovascular disease intermittently. High MCV levels
were associated with significantly lower global mental
status,long delayed memory and attention. Since the surface
to volume ratio is small in macrocytic cells, erythrocytes
collapse rapidly. In our study, a negative correlation was
detected between hemoglobin and ESR. Anemia with
elevated ESR was mostly a laboratory finding and was
generally considered as an indicator of an underlying
chronic disease.
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Conclusion

ESR, especially excessive elevation is associated with
many diseases, especially malignant diseases, infections
and collagen tissue diseases. No difference was found in
the diagnostic distribution of the patients after lowering
the lower limit of ESR to 50 mm/h compared to the
literature.

In our study, patients with ESR above 50 mm/h and
anemia were included to exclude these patients. It was
detected that anemia deepened as ESR increased. It was
observed that ESR elevation was mostly accompanied by
anemia of chronic disease. This indicates that anemia is a
finding secondary to the disease causing ESR elevation.

ESR is a test with low specificity and sensitivity,although
it is easy and inexpensive with quick results. Although it
can still be useful in the provision of primary health care
services in the diagnosis and follow-up of various diseases,
it can lead to the performance of highly invasive tests, most
of which are normal at high values. In this context, it is
recommended that ESR is definitely not a screening test and
in case of high values detected in asymptomatic individuals,
after a detailed history and physical examination, it is
recommended to proceed to further investigations starting
with simple tests in patients who are still suspicious and
who have anemia.
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Examination of the Quality of Life and Physical Fitness Status of
Healthcare Students in the Post-pandemic Process

Pandemi Sonrasi Surecte Saglik Hizmetleri Ogrencilerinin Yasam Kalitesi ve
Fiziksel Uygunluk Durumlarinin Incelenmesi

® Muhittin Onur Yaman

Istanbul University-Cerrahpasa, Vocational School of Health Services, Medical Services and Techniques Department, Medical Imaging Techniques Program,
[stanbul, Tiirkiye

Background: Measures taken during the coronavirus pandemic and remote implementation of education have led young people
to spend less time on physical activity and become sedentary. This situation not only contributes to an increase in fat mass and
therefore an increase in body mass index, and the early onset of various non-communicable chronic diseases but also poses a threat
to the physical fitness of healthy young people. Furthermore, all of these negative effects significantly affect the quality of life.
During the period when a gradual exit from pandemic conditions is taking place and face-to-face education has started, the aim
was to determine the physical fitness and quality of life perceptions of adult young people by collecting physiological and health-
related quality of life data and to evaluate them from a physiological perspective by identifying the possible link between these
fundamental parameters, if any.

Materials and Methods: The data of a total of n=213 students from 7 different programs attending Istanbul University-Cerrahpasa,
Vocational School of Health Services in the 2021-2022 academic year were collected using a survey method.
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Results: When we look at the ratio of participants, it was observed that daily step count, which is one of the indicators of physical
fitness, was higher in males than females, but there was no significant difference. General health perception scores were low at
38.37 points. The value of the general change perception in health over the past year was also determined to be 55.94 points.

Conclusion: With this study, it has been concluded that it is not a safe approach to directly correlate daily step count with physical
fitness alone and that more precise judgments can be reached by adding different parameters such as heart rate and calorie
expenditure, instead of just accepting 9.500 daily steps as a clear indicator of physical fitness. It also suggests that studies to be
conducted in the coming years to correlate participants’ quality of life perceptions with their physical fitness should be supported.

Keywords: Physical fitness, quality of life, pandemic, health parameters

Amac: Koronavirts pandemisi strecinde uygulanan onlemler ve egitimin uzaktan gerceklestirilmesi, genclerin fiziksel aktiviteye
daha az zaman ayirmasina ve hareketsiz (sedanter) hale gelmesine neden olmustur. Bu durum, yag kitlesinin artisina, dolayisiyla
viicut kitle indeksinin artisina ve ¢esitli bulasici olmayan kronik hastaliklarin erken baslamasina katkida bulunabilecegi gibi saglikli
genclerin fiziksel uygunluguna karsi bir tehdit de olusturmaktadir. Dahasi, tim bu olumsuz etkiler yasam kalitesini 6nemli dlclide
etkilemektedir. Pandemi kosullarindan kademeli bir ¢ikisin gergeklestigi ve yliz yiize egitimin basladigi donemde eriskin genglerin
gerek fizyolojik gerekse saglikla iliskili yasam kalitesi verilerini toplayarak onlarin fiziksel uygunlugu ve yasam kalite algilarini
belirlemesi, eger var ise bu temel parametreler arasindaki baglantiyi tespit ederek fizyolojik bir bakis acisi ile degerlendirmesi
amaglandi.

Gereg ve Yontemler: Calismada 2021-2022 egitim 6gretim yilinda egitimine baslayan istanbul Universitesi-Cerrahpasa, Saglik
Hizmetleri Meslek Yuksekokulu'nda egitim goren 7 ayri programdan toplam n=213 6grencinin verileri anket yontemi ile toplandi.

Bulgular: Katilimcilarin oranina baktigimizda 64 adet erkek, 149 adet kadin 6grencinin verileri degerlendirildiginde fiziksel
uygunlugun gostergelerinden biri olarak kabul edilen glinliik adim sayisinin erkeklerde kadinlara oranla daha yiiksek oldugu ancak
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anlamli bir farkliligin olusmadigi gozlendi. Genel saglik algisi puanlarinin 38,37 gibi dustik bir puanda kaldigi goruldu. Son bir yilda
saglikta olan genel degisim algisini degeri de 55,94 puan olarak tespit edildi.

Sonug: Bu ¢alisma ile giinlik adim sayisinin kendi basina fiziksel uygunluk ile direkt olarak iliskilendirmenin guivenli bir yaklagim

olamayacagdl, yalnizca giinltk 9,500 adimin fiziksel uygunlugun net bir gostergesi olarak kabul etmek yerine kalp hizi, kalori
harcanmasi gibi farkli parametrelerin de eklenmesi ile daha kesin yargilara ulasilabileceg@i kanisina ulasitmistir. Ayrica katilimcilarin
yasam kalitesi algilarinin fiziksel uygunluklari ile iliskilendirilebilmesi igin ilerleyen yillarda gerceklestirilecek calismalar ile

desteklenmesi gerektigini dustindurtmektedir.

Anahtar Kelimeler: Fiziksel uygunluk, yasam kalitesi, pandemi, saglik parametreleri

Introduction

Themeasurestakenduringthe Coronavirusdisease-2019
(COVID-19) pandemic and the remote implementation of
education have led young people to spend less time on
physical activity (PA) and become more sedentary. This
situation poses a threat not only to the healthy physical
fitness (PF) of young people but also may contribute to an
increase in body mass index (BMI) and the early onset of
various non-communicable chronic diseases (hypertension,
myocardial infarction, lung disease, sleep apnea syndrome)
(1), which can affect their quality of life (QoL) significantly.

PF is the ability to perform daily physical activities
without harming people’s physiological, psychological, and
social health (2). As a fundamental health indicator at both
individual and societal levels, PF includes anthropometric,
metabolic, and neuromotor variables from a physiological
perspective (3). PF is positively associated with PA (4),
meaning that the higher the level of PA, the better the
individual's PF (5). Evidence has shown that regular PA is
inversely associated with overweight and obesity (6). When
PA is insufficient, sedentary living time increases, leading
to the deterioration of health and motor performance (7).
To cope with this situation, children and adolescents are
recommended to engage in moderate to vigorous PA for at
least 60 minutes (8), while in the analysis of PA levels, it is
emphasized that the importance of taking more than 9,500
steps per day for healthy living and PF (9).

BMI is widely used to measure inadequate nutrition,
overweight, and obesity and is considered a global health
indicator (10,11,12). Although some studies have claimed
that BMI could effectively reflect the PF of ordinary university
students (13), others have discussed the relationship
between various components of PF and BMI in children
(14) and adolescents (15). Therefore, monitoring the BMI
of students is of great importance for understanding their
physical development, but it is not clear whether using only
the BMI index in the PF assessment reflects students’ PF
and health.

The World Health Organization (WHO) defines the
QoL as the perception of an individual’s position in life

about their culture and value systems, goals, expectations,
standards,and concerns. QoL is influenced by various factors
such as physical and mental health, level of independence,
social relationships, personal beliefs, and environmental
conditions. It is a theoretical framework used to evaluate
the living conditions of diverse communities (16). The short
form-36 (SF-36) is a widely accepted and standardized tool
used to measure health-related QoL (17).

Numerous articles have been published on both remote
education and students’ physiological conditions related
to the COVID-19 pandemic (18,19,20,21,22), but there are
limited publications that examine the situation developing
after the pandemic (23,24). Monitoring all these changes
in physiological parameters is necessary not only as a stop
and detection but also to facilitate predicting negative
situations that may occur in the future.

This study aims to collect data on the physiological
and health-related QoL of my students who are studying
in seven different programs in the 2021-2022 academic
year, where a gradual exit from pandemic conditions and
face-to-face education began,and to determine their PF and
QoL perceptions, to evaluate these basic parameters from
a physiological perspective by identifying the relationship
between these basic parameters, if any,and to create a basis
for other studies to be conducted in the future.

Material and Methods

Participants:

Data from a total of n=213 students from 7 different
programs studying at istanbul University-Cerrahpasa,
Vocational School of Health Services (l.U-C, VSHS) in the
2021-2022 academic year were collected through a survey
application. Surveys that were not filled out completely
were not included in the database. No identification
information was recorded from the participants, and the
survey was completely anonymous and based on voluntary
participation, so no consent form was required from the
participants.
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Measurements and Procedures:

Survey application:

The survey was conducted with the permission of the
I.U-C,VSHS administration and was completely anonymous.
The survey form was conducted through I.U-Cerrahpasa’s
official survey portal. The LimeSurvey-based survey portal
is a free and open-source online statistical survey web
application.On the survey’s welcome page,participants were
instructed on how to fill out the form.The implementation of
the survey was left open-ended, and a detailed explanation
was provided about the objectives, the survey structure,
the compilation method, and the anonymity of the test.
The study was approved by the Local Ethics Committee of
istanbul Yeni Yiizyil University (2023/02-1042).

It consists of two main parts:

(1) Survey questions related to socio-demographic
characteristics:  Consisting of questions collecting
information on age, weight, height, and mean daily step
count as indicator of PA. Participants were asked to provide
the daily step count data collected by their smart phones.
BMI (kg/m?) was calculated using these measurements.
According to the BMI values recommended by the WHO,
students were divided into four categories representing
thin, normal weight, overweight, and obese individuals with
BMI values of <18.5 kg/m?, 18.5-23.9 kg/m?, 24-27.9 kg/m?,
and >28 kg/m?, respectively (13).

(2) QoL survey (SF-36): The SF-36 Health Survey is a
standardized and widely used tool for assessing HRQOL
worldwide. SF-36 has 36 items in 8 sections: Eight question
scales; physical function (10 items), physical role limitation
(4 items), emotional role limitation (3 items), vitality (4
items),mental health (5 items),social function (2 items), pain
(2 items), and general health perceptions (5 items). Each
scale consists of 2-10 questions, and low scores indicate
low HRQOL. The Turkish validity and reliability study of the
scale was conducted by Kogyigit et al. (25).

Except for the second question of the scale, the other
questions are evaluated considering the individuals’
conditions in the last 4 weeks. The second question focuses
on the participants’ general perception of changes in their
health in the last year. The 4" and 5% questions of the scale
are answered in yes/no format, while the Likert-type rating
is used for other health items. The subscales are evaluated
on a 0-100 scale.

Statistical Analysis

To confirm the normality of the variables, the
Kolmogorov-Smirnov test was used. The data of non-
parametric variables were normalized using Blom’s normal
score transformation. Mean, standard deviation (SD),
minimum, and maximum values were used to characterize

the sample by gender in the descriptive analysis. Student’s
t-test was applied to compare the means of the groups. The
comparison of PF variables according to compliance or non-
compliance with PA recommendations was confirmed using
covariate analysis adjusted for gender. A significance level
of p<0.05 was determined for all tests. Statistical analysis
was performed using GraphPad Prism v.8.0.1 software.

Findings

When looking at the participants, 64 male, and 149
female students took part in the study. The reported values
of the participants showed a significant difference in body
composition that could be considered representative
of Turkiye as a whole. When comparing BMI values, it
was observed that the proportion of male students was
significantly higher than that of female students. The daily
step count, which is considered an indicator of physical
fitness, was higher in men than in women, but no significant
difference was observed due to the high SD rates caused by
very different minimal and maximal values (Table 1).

When looking at the distribution of BMI values among
male and female participants, it was observed that the total
percentage of overweight and obese men was higher than
that of male participants (Table 2). Although the average
step count of male participants was higher than that of
female participants, there was a 10% excess of overweight
and obese men in their percentages.

Interms of determining the quality of life,when looking at
the criteria used, it was observed that the participants rated
their physical functions as quite good (88.86 points). When
looking at the other criteria, it was found that the average
scores for physical role limitations (51.24), emotional role
limitations (47.19), vitality (46.39), mental health (48.08),
and social functioning (53.34) were all in the average range.
One of the most interesting findings was that the general
health perception score remained low at 38.37 (Table 3).

The value of the second question of the scale, which
refers to the general perception of health changes in the
past year,was also determined to be 55.94 points.

Discussion

Numerous studies have been conducted about students
whose movement has been restricted and who have had to
follow their classes and even exams from computers and/
or smart devices during the pandemic period, but studies
identifying the situation of students in the post-pandemic
period are still being carried out. The success of students in
school life is closely related to their physical fitness, quality
of life, and overall well-being. It is clear that these factors,
which can directly affect student success, are the result
of a combination of emotional, behavioral, and cognitive
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Table 1. Demographic characteristics of the participants and physical activity values

Male Female
p-value Significance
n Avg. SD Lowest | Highest | n Avg. SD Lowest Highest
Age (years) 64 |20.34 |1.56 18 24 149 | 19.88 1.152 18 25 0.0345 *
Length (cm) 64 |176.6 |5.51 167 188 149 | 161.3 6.04 152 173 <0.0001 e
Body weight (kg) | 64 | 75.32 | 1589 |50 115 149 | 58.67 11.68 46 100 <0.0001 e
BMI (kg/m?) 64 | 2411 | 4091 17 35 149 | 22.53 | 4.03 18.25 3543 0.024 *
Step (daily avg) 64 | 9921 7961 800 30000 149 | 7338 7761 300 24600 0.6738
Values are given as mean and standard deviation (SD). *p<0.05, ***p<0.001, BMI: Body mass index

Table 2. Body mass index (BMI) rates of participants

BMI ratio (%) Male Female
Slim 7.69 11.61
Normal weight 58.47 63.87
Excess weight 13.84 18.07
Obese 20 6.45
Values are given as percentages (%)

Table 3. Quality of life index values of participants

Criterion Substance | Avg SD
Physical function 10 88.86 | 10.76
Physical role constraint 4 51.24 | 13.19
Emotional role limitation 3 4719 | 6.74
Wellness 4 46.39 | 7.63
Mental health 5 48.08 | 14.19
Social function 2 53.34 | 8.23
Pain 2 58.00 | 31.05
General perception of health 5 38.37 | 12.88
Values are given as mean and standard deviation (SD)

dimensions on a physiological basis. Smartphones have
now reached a level of necessity, even addiction, especially
among young individuals, and this situation is reported
to cause many undesirable conditions such as depression,
anxiety disorders, substance use, musculoskeletal disorders,
and sleep problems.Some studies indicate that this situation
can negatively affect the QoL and PF (26,27).

Despite all these negative aspects, smartphones and
other devices that work with them are widely used today.One
of their usage areas covers the healthcare field, and many
personal health parameters are measured through these
devices. This sector, which is developing with increasing
diversity and measurement reliability, is causing important
developments in the field of health sciences. Smartphones
have also begun to be the subject of many studies in the
field of health sciences (28,29).

Many data that can be associated with health can be
collected through systems such as accelerometers and
gyroscopes within these devices.These data are data that can
be used to detect and monitor FU (3). FU is one of the most
important indicators of healthy growth and development
in children affected by different PA levels. Although it can
provide more accurate and reliable data on PA density when
measured objectively (30), this study aimed to determine
whether a connection could be established between daily
step count, a simple PA value obtained from participants’
smart devices, and FU, assuming that the data obtained
from students’ smart devices could provide reliable data on
physical fitness. However, it was found that although the
percentage of overweight and obese male participants was
higher, their average step counts were higher than those
of female participants. When the step counts of overweight
and obese individuals were compared within themselves,no
significant correlation was observed.This finding contradicts
a study by Bovet et al. (31), which showed a strong inverse
relationship between overweight and various standardized
PF tests in adolescents in an African country.

Fromaphysiological perspective,thisinverserelationship
is consistent with low PA being a possible determinant of
obesity in this sample of adolescents. Considering that the
physical function criterion has the highest score on the QoL
index, and the physical role limitation criterion is slightly
above 50 points, it can be thought that the participants’ QoL
is good in terms of their physical fitness, but it should also
be considered that the fitness score is below 50 points.

The WHO defines the QoL as “an individual’s perception
of their position in life in the context of the culture and
value systems in which they live and concerning their goals,
expectations, standards, and concerns”. This perception can
be more positive or negative depending on the meanings
that individuals attach to their life experiences. Attributing
a positive value and meaning to life experiences, even in
the face of difficulties, is a fundamental characteristic of
resilient individuals (32). In our study, I.U-C, VSHS students
gave average scores for their general quality of life. Perhaps
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one of the most interesting findings is that the perceived
general change in health over the past year was rated at
55.94, while the overall health perception scores remained
low at 38.37. Indeed, average scores for emotional role
limitation, mental health, and social functioning criteria
also support this perception. This situation may have arisen
from various reasons. While returning to school after the
pandemic period was seen positively by the students, the
fact that the health perception score was below 40 in
the past four weeks may reflect the influence of recent
environmental factors.

Study Limitations

The analysis of more data, which can be obtained by
enriching the data obtained from the participants, can help
to establish a connection between the QoL and physical
fitness.

Conclusion

This study suggests that daily step count alone is not a
safe approach to directly correlate with PF and that adding
other parameters such as heart rate and calorie expenditure
can lead to more accurate conclusions. Furthermore, it is
necessary to support the perception of the participant’s
QoL with studies to be carried out in the coming years to
correlate it with their physical fitness.
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ABSTRACT

Background: One of the most frequent causes of urgent abdominal diseases is appendicitis. Various diagnostic methods are used in
the diagnosis of appendicitis, scoring systems are among them. We aimed to meta-analyze the studies evaluating the effectiveness
of the appendicitis inflammatory response-score (AIR-S). In light of the studies done on the topic, it was intended to highlight the
diagnostic benefits of scoring, which allow for the simultaneous evaluation of clinical, laboratory, and imaging findings as well as
the patient’s medical history, and to add to the literature.

Materials and Methods: ALl studies published in the last 15 years using the terms “All fields=appendicitis inflammatory response”
(AND), ‘ALl fields=receiver operating characteristic” (AND) in Web of Science Core Collection, PubMed and Google Scholar databases
were searched, systematic review and meta-analysis were performed.

Results: Thirteen publications were included in the study according to inclusion and exclusion criteria. It was noted that the studies
were conducted on 8.052 patients with a mean age of 30.00 and gender distribution as 48.00% male and 52.00% female. The cut-off
point of the studies was found to be 5.00, Sensitivity 85.00%, Specificity 59.00%. The studies were homogeneous (1>=19.830; Cochran
0=14.968; p>0.05). AIR-S diagnostic distinguish ability was statistically significant (total-fixed effects=0.838; 95% confidence
interval 0.800-0.875; p<0.001). There was no statistically significant publication bias (p>0.05).

Conclusion: In this study, the sum of the values determined for the diagnostic parameters of AIR-S was below 170. This finding result
that using AIR-S alone to diagnose acute appendicitis is insufficient,and that it is preferable to utilize it in conjunction with other
diagnostic measures.

Keywords: Appendicitis, appendicitis inflammatory response score, receiver operating characteristic, bias

Amacg: Acil karin hastaliklarinin en sik nedenlerinden biri apandisittir. Apandisit tanisinda gesitli tani yontemleri kullanilmaktadir,
skorlama sistemleri de bunlar arasindadir. Apandisit enflamatuvar yanit-skorunun (AIR-S) etkinligini degerlendiren calismalari
meta-analiz teknigi ile degerlendirmek hedefledi. Konuyla ilgili yapilan ¢alismalar 1siginda, klinik, laboratuvar ve goruntuleme
bulgularinin yani sira hastanin tibbi dykisiniin de es zamanli olarak degerlendirilmesine olanak saglayan skorlamanin tanisal
faydalarini vurgulamak ve literature katkida bulunmak amaclandi.

Gerec ve Yontemler: Web of Science Core Collection, Pubmed ve Google Scholar veri tabanlarinda “All fields=appendicitis
inflammatory response” (VE), ‘ALl fields=receiver operating characteristic” (VE) terimleri kullanilarak son 15 yilda yayinlanmis tim
calismalar taranmis ve sistematik incelemesi ve meta-analizi yapildi.

Bulgular: Calismaya dahil etme ve dislama kriterlerine uygun olarak on g yayin dahil edildi. Calismalarin 8,052 hasta Uzerinde
yapildigi, yas ortalamasinin 30 oldugu, cinsiyet dagiliminin %48 erkek ve %52 kadin oldugu gorildd. Calismalarin kesim noktasi
5, duyarlilik %85, 6zgllliik %59 olarak bulundu. Calismalar homojendi (1=19,830; Cochran Q=14,968; p>0,05). AIR-S tanisal ayirt
etme yetenegi istatistiksel olarak anlamliydi (toplam-sabit etki=0,838; %95 giiven araligi 0,800-0,875; p<0,001). Istatistiksel olarak
anlamli yayin yanliligr bulunmadi (p>0,05).
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oldugunu ifade etmektedir.

Sonug: Bu calismada, AIR-S'nin tanisal parametreleri icin belirlenen degerlerin toplami 170’in altindadir. Bu bulgu, AIR-Snin akut
apandisit tanisinda tek basina kullanilmasinin yetersiz oldugunu ve diger tanisal dlgtimlerle birlikte kullanilmasinin daha uygun

Anahtar Kelimeler: Apendisit, apandisit enflamatuvar yanit skoru, alici islem karakteristigi, yanlilik

Introduction

One of the most frequent causes of urgent abdominal
diseases is appendicitis. It is known that acute appendicitis
(AA) affects 90-100/100,000 people in developed countries
(1). If appendicitis is suspected in a patient presenting
with acute abdominal symptoms, the diagnosis should be
confirmed before performing emergency surgery. Rapid
and accurate diagnosis is of great importance to reduce
the complications of AA and even to decrease the mortality
rates that may occur due to complications. For many other
reasons (pregnancy, hematologic origin etc.), obtaining a
reliable preoperative diagnosis may be difficult even for
physicians and/or experienced surgeons (2,3).

Clinicians have developed various scoring tools with
prognostic value based on the principle of evaluating many
clinical findings together in order to minimize the margin of
error in the diagnosis of AA and to confirm the preliminary
diagnosis. Among these scores, Alvarado, Modified Alvarado,
Lintula, Tzanakis, appendicitis inflammatory response score
(AIRS), Ohmann, Fenyo-Lindberg and Raja Isteri Pengiran
Anak Saleha Appendicitis (RIPASA) aim to improve diagnostic
ability and reduce the rate of negative appendicectomy (4).
Recently, scoring models have been reported to predict
complicated acute appendicitis. Scoring systems that
combine clinical and imaging features and scoring models
that can be calculated using predictive equations have been
proposed (5,6,7,8).

Important clues for AA can be obtained through tools
that assess risk according to a score obtained by combining
patients’ symptoms, clinical findings and laboratory results,
and even calculating according to their severity and level.
The appendicitis inflammatory response-score (AIR-S), one
of these instruments, was created in 2008 and is currently
the most used pre-operative tool. The World Society for
Emergency Surgery’s 2020 clinical practice suggests using
AIR-S for the diagnosis and management of AA (9).

In this study, we aimed to meta-analyze the studies
evaluating the effectiveness of the AIR-S. In the light
of these studies, it was aimed to draw attention to the
diagnostic values of scoring, which enables the evaluation
of clinical, laboratory and imaging methods together as well
as the history obtained from the patient, to emphasize the

importance of its use in daily practice and to contribute to
the literature.

Material and Methods

The preferred PRISMA reporting elements for systematic
reviews and meta-analyses were followed when conducting
this investigation. This study’s execution did not require
ethical approval.

Keywords and Search Strategy

In this study, studies using AIR-S in patients with AA
and evaluating the diagnostic value of this score according
to receiver operating characteristic (ROC) were analyzed.
All studies published in the last 15 years using the terms
“All fields=appendicitis inflammatory response” (AND),
“All fields= ROC” (AND) in Web of Science Core Collection,
PubMed and Google Scholar databases (accessed March,
April and May 2023) were searched and systematic review
and meta-analysis were performed.

AIRS

Vomiting, right iliac fosse-migrating abdomen pain,
rebound tenderness, fever (°C), leukocyte count (PML),
white blood cell count (WBC 10°/L),and C-reactive protein
(CRP) (mg/L) concentration are all considered indications
for AIR-S.Each evaluation criterion has a score determined
for the severity of the evaluation. Accordingly; vomiting
(score: 1), abdominal pain that migrates to the right iliac
fossa (score: 1), rebound tenderness or muscular defense
(Light: 1, Moderate: 2, Strong: 3), fever of 38.5 °C or more
(score: 1), PML (70-84%: 1, 285%: 2), WBC (10.0-14.9 x
10%/L:1,215.0x10°L: 2),CRP (10-49 g/L: 1,250 g/L: 2).The
assessment results in a final score ranging from O to 12. A
total score between “0-4” means “low probability follow-
up’, “5-11” means ‘re-evaluation/outpatient follow-up”
and “9-12” means “high probability/surgical exploration”

-

Inclusion and Exclusion Criteria

The inclusion criteria were that the studies were
conducted in adult patients, published in the last fifteen
years, the diagnosis was acute appendicitis, the AIR Score
efficiency was performed by applying ROC analysis, the area
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under the curve (AUC) value and the standard error/95%
confidence interval were calculated accordingly.

Exclusion criteria were defined as not including one or
more of the inclusion criteria, studies in pediatric patients,
case reports, systematic reviews, conference reports, animal
experiments and missing data in ROC analysis results.

Outcome Measures

For the effectiveness of AIR scores on clinical decision-
making, we used all calculated and reported ROC analysis
results within the total number of cases in the studies.

Data Extraction and Assessment of Quality

A total of 315 studies were accessed in line with the
search strategies. The researchers who planned the study
(four independent researchers with academic qualifications
in general surgery,emergency medicine,and family physician
specialists) checked the “Title” and “Abstract” parts of the
retrieved articles for compliance with the study strategies.
At the end of all search and control processes, all data were
recorded by the researchers on the designed data collection
forms and all records were collected under a common file.
The findings of a total of 13 studies that met the inclusion
criteria were statistically evaluated. Figure 1A displays the
study’s PRISMA flow diagram.

Statistical Analysis

Studies obtained through this systematic review were
considered meta-analysis. Heterogeneity between studies
12 and the risk of publication bias were investigated with

"Arpendicis Inflammagory
ROC

Response
database searchmg f—
(N=315)

Web Qf Science (N=23)
Pubmed (N=4)

v

]

Records after duplicates removed
(N=167)

|

Full-text articles assessed for
eligibility (N = 81)

!

Including database
N=13)

children” & pediatng
-« — (N=80)

excludang database searchang

Funnel Chart and Egger’s Regression. In the included studies,
the Cochrane Risk of Bias technique, which evaluates the
presence of bias with seven criteria, was used. According to
this technique, each study was evaluated according to the
“low, unclear, high” bias criteria (10). The threshold value of
0.25 for the 1? value and 0.05 for statistical significance was
accepted to determine whether heterogeneity was present.
Calculations were performed with Medcalc (version 20.218
Free-Trial) and Meta-DISC (version 1.4) program.

Results

After a database search, a total of 315 articles
containing patient data related to AIR-S were found.
Thirteen publications in total were included in the study
for evaluation after taking the inclusion and exclusion
criteria into account. The articles’ titles and abstracts were
read,and it was determined whether they were pertinent to
the topic. The PRISMA flow chart of the study is shown in
Figure 1A.Seven criteria were used to assess the risk of bias.
Each study was assessed as low risk, high risk or unclear risk
of bias. The highest risk was “blinding of participants and
personnel” and the lowest risk was “allocation concealment”
(Figure 1B).

It was seen that 13 studies using ROC curve, a statistical
technique for performance measurement of AIR-S, were
conducted with a total of 8.052 patients, 48% were male,
52% were female, and the mean age of all patients was
30 years. When the common features of the studies were
analyzed, the cutoff point was found to be 5, sensitivity

Random Sequence Generation

Allocation Concealment

Blinding of Participants and
Personnel

Blinding of Outcome Assessment
Incomplete Outcome Data
Selective Reporting
Other Bias [l
W Low Risk of Bias

W High Risk of Bias Unclear Risk of Bias

Figure 1. (A) PRISMA methodological quality summary study flow diagram with AIR-S. (B) Risk of bias graph: risk of bias item presented across
all included studies

ROC: Receiver operating characteristic
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86.90%, specificity 53.80% (n=10). While the 3 studies
aimed to show the clinical efficacy of the AIR-S with ROC
analysis results,they did not share the cutoff point and the
sensitivity analysis results related to this point (Table 1).

The clinical efficacy of AIR-S was evaluated in 13
included studies. For the calculation of the standard
error, it was extended with five to all cell counts in all
runs to avoid division with zero error. Homogeneity was
observed in the studies (1?=19.830; Cochran Q=14.968;
p=0.243). According to the results, the area under the
curve of AIR-S was statistically significant (total-fixed
effects=0.838; 95% confidence interval 0.800-0.875;
p<0.001; Figure 2A). The summary receiver operating
characteristic (sSROC) curve, which is shaped according
to the common results of the studies and includes the
sensitivity analysis values, is presented in Figure 2B.
AIR-S diagnostic distinguishability was statistically
significant (p<0.001).

There was no statistically significant publication bias
(p=0.191). Funnel graps shows the symmetrical, the likely it
is not that of bias will be substantial (Figure 3).

Discussion

Today, patients can present with symptoms of AA at
any time of the day to the emergency department, general
surgery outpatient clinic or family medicine centers of
healthcare facilities. It is important for physicians to rely on
clinical scoring systems during off-hours (nights, weekends,
holidays) when access to imaging services (especially
ultrasonography) is difficult. In this study, we aimed to
examine the diagnostic efficacy of the AIR-S developed

Table 1. Statistical characteristics of AIR-S studies

for the combined evaluation of clinical and laboratory
parameters in the diagnosis of AA by meta-analysis.

The AIR-S has been accepted as one of the best-
performing scores for the diagnosis of AAamong the various
clinical prediction tools available. AIR-S with other scoring
systems can significantly reduce the risk of overdiagnosis
of AA and thus provide a reliable diagnostic performance,
while at the same time enabling treating surgeons to avoid
the routine use of computed tomography (24).

The results obtained from validation studies were
summarized and it was shown that the AIR-S had an
area under the ROC curve (AUC) of 0.84, sensitivity (92%),
specificity (63%), The AIR score performed best performance
compared to other scoring systems (Alvarado, PIRASA,
Ohmann, Eskelinen, Lintula, Modified Alvarado) in terms
of sensitivity, specificity AUC values and usability (25).
However, it is recommended that the sum of the sensitivity
and specificity of the tests that should be used for diagnosis
should be above 170 (26). In our study, the sum of the values
determined for the diagnostic parameters of the AIR-S was
below 170. This result indicates that the use of the AIR-S
alone in the diagnosis of AA is not a sufficient diagnostic
tool and that it is more appropriate to use it together with
other parameters that help the diagnosis.

The AIR-S is a valid decision support system for
clinical diagnosis and has high sensitivity for complicated
appendicitis. In addition, it was emphasized that the AIR-S
had a high discrimination capacity in children and patients
with long-term symptoms and performed equally well in
both sexes (13).

It has been stated that the diagnostic accuracy of the
RIPASA system, which is used in the literature as one of the

Study n M/F Age Cut-off Sensitivity (95% Cl) Specificity (95% Cl)
Ak et al. (11) 232 105/127 Median: 33 25 94.39 (88.19-97.92) 26.13 (18.25-35.32)
Andersson et al. (12) 229 105/124 Mean: 23.40 >4 93.00 (89.00-97.00) 71.00 (65.00-77.00)
Andersson et al. (13) 3878 1802/2076 Median: 26.10 <6 96.10 43.00

Andrade et al. (14) 292 183/109 = <6 94.70 (80.40-98.3) 76.50 (74.2-90.30)
Birben et al. (15) 237 126/111 Mean: 34.00 >4 80.62 (72.74-87.05) 57.14 (28.86-82.34)
Bokade et al. (16) 90 62/28 Mean: 32.14 - - -

Chae et al. (17) 189 63/126 Mean: 33.00 >4 52.50 (39.30-65.40) 72.70 (64.10-80.20)
Gadahire et al. (18) 100 55/45 Mean: 25.89 25 100.00 55.00

Haak et al. (19) 956 486/470 Mean: 28.00 25 64.50 63.67

March et al. (20) 98 41/57 Median: 30.00 - - -

Martin-Del Olmo et al. (21) 458 266/192 Median: 31.00 - - -

Sammalkorpi et al. (22) 829 - Median: 32.00 25 83.10 63.10

Scott et al. (23) 464 172/292 Mean: 27.00 25 90.00 (84.00-95.00) 63.00 (58.00-68.00)
Cl: Confidence interval, AIR-S: Appendicitis inflammatory response-score
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Figure 2. (A) Forest graph of ROC analyses of AIR-S studies. (B) sSROC curve of studies included in the systematic review on AIR-S
AIR-S: Appendicitis inflammatory response-score, ROC: Receiver operating characteristic, SROC: Summary receiver operating characteristic, AUC: Area under the
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Figure 3. Funnel graph for ROC analysis of AIR-S studies

AIR-S: Appendicitis inflammatory response-score, ROC: Receiver operating
characteristic

scoring systems, is better than the Alvarado and AIR scores,
but the single-center study is a disadvantage because the
results differ for region and ethnicity (20).

It was determined that Alvarado and AIR-S, which are
most commonly used in the diagnosis of AAin pregnant
women, are effective methods in the diagnosis of AA.
However, the higher accuracy of AIRS, which includes CRP
value, suggests that this system is an advantage (27).

In line with the results of this meta-analysis, it can be said
that patients evaluated with the AIR-S can be discharged

with detailed information (if the complaints of pain, nausea,
vomiting, etc. do not go away and worsen, they should apply
to the emergency department again) if the total score of the
patients evaluated with the AIR-S is below 5, knowing that
re-evaluation and careful follow-up are essential in case of
change and/or worsening of symptoms. Recent studies have
also shown that antibiotics as a non-operative treatment
method have a low morbidity and treatment success rate
after 30 days of follow-up (28,29).

AIR-S can be particularly useful in environments
and situations where imaging methods are limited or
unavailable and resources are scarce. The risk stratification
of patients with suspected AIR-S AA can guide the decision-
making process to optimize the utility of diagnostic imaging
and avoid negative and unnecessary investigations.

Conclusion

The AIR-S has significant diagnostic efficacy in the
diagnosis of AA.Risk stratification of patients with suspected
AA according to the AIR-S can guide decision-making to
reduce admissions,optimize the utility of diagnosticimaging,
and avoid adverse and unnecessary explorations. Physician
confidence in clinical scoring systems is also important.

However, in this study, the sum of the values determined
for the diagnostic parameters of AIR-S was below 170. This
result indicates to clinicians that the AIR-S alone is not an
adequate diagnostic tool in the diagnosis of AA and that
it is more appropriate to use it in conjunction with other
diagnostic parameters.
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The Diagnostic Value of Procalcitonin in Differentiation of
Exacerbation and Pneumonia in Patients with Idiopathic
Pulmonary Fibrosis

Idiyopatik Pulmoner Fibrozis Hastalarinda Alevlenme ve Pnémoni Ayriminda
Prokalsitoninin Tanisal Degeri
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Background: It is often difficult to distinguish between acute exacerbations of idiopathic pulmonary fibrosis (IPF-AE) and pneumonia
occurring in patients with IPF (IPF-PNA). Procalcitonin (PCT) is a highly specific biomarker for bacterial infections. The diagnostic
value of PCT in differentiating IPF-AE and IPF-PNA was investigated in the study.

Materials and Methods: All hospitalized patients with IPF-AE and IPF-PNA between January 2015 and June 2018 were evaluated.
Demographic data, C-reactive protein (CRP) and PCT levels, the duration of hospitalization was recorded.

Results: A total of 44 eligible patients were randomized into two groups at a 1:1 ratio. The PCT and CRP levels were significantly
higher in IPF-PNA group than in IPF-AE group (1.727%3.549 ng/mL vs. 0.642+0.049 ng/mL, p<0.001 for PCT,and 148.4%97.7 mg/L vs.
55.4%47.2 mg/L, p<0.001 for CRP). The duration of hospitalization was longer in IPF-PNA group (15.18%8.3 days vs. 8.54%2.5 days,
p=0.001) than in IPF-AE group. Furthermore,when 0.1065 ng/mL was accepted as the cut-off value for PCT, the sensitivity, specificity,
positive predictive value (PPV),and negative predictive value (NPV) were 0.955,0.773,0.808,and 0.944, respectively. When 35 mg/L
was accepted as the cut-off value for CRP, the sensitivity, specificity, PPV and NPV were 0.955,0.500, 0.656 and 0.917, respectively.

Conclusion: PCT and CRP levels were significantly higher in IPF-PNA group than in IPF-AE group. Compared with CRP, PCT was found
to be a more sensitive biomarker in differentiating IPF-PNA from IPF-AE.

ABSTRACT

Keywords: Differential diagnosis, idiopathic pulmonary fibrosis, exacerbation, pneumonia, procalcitonin

Amag: idiyopatik pulmoner fibrozis (IPF) tanili olgularda, IPF akut alevlenmesi (IPF-AA) ile pnémoninin (IPF-pnémoni) ayrimini
yapmak genellikle zordur. Procalcitonin (PKT) bakteriyel pnomoniler igin oldukca spesifik bir biyobelirtectir. Bu calismada PKT'nin
IPF-AA ile IPF-pnémoni ayrimindaki tanisal degeri arastirilmistir.

Gereg ve Yontemler: Ocak 2015 ile Haziran 2018 tarihleri arasinda IPF-AA ve IPF-pnémoni tanilari ile hastaneye yatirilan olgular
calismaya alinmig; demografik ozellikleri, C-reaktif protein (CRP) ve PKT seviyeleri ile hastane yatis streleri kaydedilmistir.
Bulgular: Toplam 44 uygun hasta 1:1 oraninda iki gruba randomize edilmistir. PKT ve CRP seviyeleri IPF-pnémoni grubunda iPF-AA
grubuna gore anlamli olarak daha yulksek saptandi (PKT igin 1.727+3.549 ng/mLye karsilik 0.642%0.049 ng/mL, p<0.001, ve CRP
icin 148.4%97.7 mg/L'ye karsilik 55.4%47.2 mg/L, p<0.001). Hastane yatis siiresi IPF-pnémoni grubunda anlamli olarak daha uzundu
(15.18%8.3 gline karsilik 8.54%2.5 giin, p=0.001). Ayrica, PKT i¢in 0.1065 ng/mL esik deger kabul edildiginde, sensitivite, spesifisite,
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pozitif prediktif deger (PPD) ve negatif prediktif deger (NPD) sirasi ile 0.955,0.773,0.808 ve 0.944 saptandi. CRP icin esik deger 35
mg/L olarak kabul edildiginde ise sensitivite, spesifisite, PPD ve NPD sirasi ile 0.955,0.500, 0.656 ve 0.917 idi.

Sonug: PKT ve CRP diizeyleri IPF-pnémoni grubunda iPF-AA grubuna gore anlamli olarak yiiksek saptandi. CRP ile karsilastirildiginda
PKT'nin, IPF-AA ile IPF-pnémoniyi ayirmada daha sensitif bir biyobelirtec oldugu gézlendi.

Anahtar Kelimeler: Ayirici tani, idiyopatik pulmoner fibrozis, alevlenme, pndmoni, prokalsitonin

Introduction

Idiopathic pulmonary fibrosis (IPF) is a chronic, progressive,
fibrotic interstitial lung disease with a poor prognosis which
is frequently diagnosed in older ages (1). Patients with IPF
may experience sudden onset respiratory worsening, most
of which is idiopathic and defined as acute exacerbation of
IPF (IPF-AE). It is usually challenging to differentiate IPF-AE
from heart failure, bilateral pneumonia (PNA), or pulmonary
embolism (2). Cough, increased expectoration, dyspnea,
hypoxemia, and newly formed parenchymal infiltrations
on chest imaging are non-specific for IPF-AE; moreover,
these observations can also be seen in bacterial PNA (3).
Procalcitonin (PCT), the precursor of calcitonin, is produced
by neuroendocrine cells when confronted with microbial
toxins and inflammatory mediators. It is a highly specific
biomarker for severe bacterial infections in suspected cases
of sepsis (4,5). The objective of the study was to investigate
the diagnostic value of PCT in the differential diagnosis of
acute exacerbation and pneumonia in IPF patients.

Material and Methods

The data of IPF inpatients were retrospectively analyzed
at a tertiary referral hospital between January 2015 and
June 2018. Age, gender, presenting symptoms, duration of
hospitalization, vital signs, biochemical markers [including
C-reactive protein (CRP) and PCT levels], and radiological
findings were recorded. Patients with incomplete data
such as absence of thorax computerized tomography/
high-resolution computerized tomography (CT/HRCT) and
those who were hospitalized for other conditions such
as pulmonary embolism, decompensated heart failure,
pneumothorax, and acute renal failure were excluded from
the study. Since the study was retrospective, patient consent
was not obtained.

The diagnosis of IPF-AE was made according to the
criteria suggested by the ATS/ERS/JRS/ALAT committee and
the International Working Group Report by Collard et al.(6,7).
The presence of fever (>37.5 °C), pneumonic consolidation
in thoracic imaging, and positive sputum and/or blood
culture were suggestive of PNA. On the other hand, if the

patients had progressive dyspnea in the previous month,
recently developed bilateral ground-glass opacities, and/or
consolidations with a usual interstitial PNA pattern without
heart failure or fluid retention, the diagnosis was IPF-AE (7).

CRP and PCT levels were measured using an
immunoturbidimetric assay via Beckman Coulter AU
Analyzer (US).

Study approval was taken from the Karablk University
Ethics Committee on 03.01.2018 with verdict number 1/2.

Power Analysis

In the a priori power (G*Power Version 3.0) analysis
in independent groups based on the data (effect size
d=0.926, a=0.05, power=0.80) of a study by Ding et al. (8)
on procalcitonin-guided antibiotic use in IPF-AE, it was
calculated that at least 16 independent control and 16
experimental subjects were required for a studyinvestigating
procalcitonin testing. Each group of this independent study
consisted of 22 subjects.

Statistical Analysis

The minimum (min), maximum (max), and mean #*
standard deviation (SD) was calculated for all variables.
The SPSS for Mac 20.0 package program (SPSS Inc, Chicago,
IL, USA) was used to analyze the data. Frequency and
percentage for discrete data and mean = SD for continuous
data were used in descriptive statistics. Normally distributed
continuous data were analyzed by the Kolmogorov-Smirnov
test while all nominal data were analyzed by the chi-square
test. Non-parametric distributions were compared with the
Mann-Whitney U test, and mean values with parametric
distribution between groups were analyzed with Student’s
t-test. Receiver operating characteristic (ROC) analysis was
used to determine the optimal cut-off values of the PCT
and CRP to predict PNA. A p-value <0.05 was considered as
statistically significant.

Results

Fifty-seven IPF patients were evaluated; 13 of them were
excluded due to pulmonary embolism (n=1),decompensated
heart failure (n=3), absence of HRCT scans (n=3),and failure
to obtain laboratory work-up (n=6). A total of 44 eligible
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patients were randomized into two groups at a 1:1 ratio. The
mean age was 62.9+7.6 years in the pneumonia in patients
with IPF (IPF-PNA) group and 67.3+6.6 years in the IPF-
AE, with a statistically significant difference (p=0.049). The
number of male patients was significantly higher in the IPF-
PNA group (p=0.007) than in the IPF-AE.

The PCT levels were significantly higher in the IPF-PNA
group than in the IPF-AE [0.253 ng/mL (0.10-12) vs. 0.05
ng/mL (0-0.15), p<0.001]. Additionally, the CRP levels were
significantly higher in the IPF-PNA group than in the IPF-
AE [129 mg/L (33.6-413) vs. 37.9 mg/L (4-152), p<0.001]
(Figure 1). Also, the hospital stay was significantly higher
in the IPF-PNA group (15.18+8.3 days vs. 8.54+2.5 days,
p=0.001). Demographical data and laboratory results are
summarized in Table 1.

ROC analysis was performed for identification of the
PCT and CRP cut-off values to predict PNA in worsening
IPF (Figure 2). When 0.1065 ng/mL was taken as the cut-off
for PCT, the sensitivity, specificity, positive predictive value
(PPV),and negative predictive value (NPV) were 0.955,0.773,
0.808, and 0.944, respectively. When 35 mg/L was taken as
the cut-off for CRP,the results were 0.955,0.500,0.656, and
0.917, respectively (ROC graphic, Table 2).

Regarding sputum analyses, the causative pathogens
identified in the IPF-PNA group were Klebsiella pneumoniae
(n=3), Pseudomonas aeruginosa (n=1), and Escherichia coli
(n=1).

Discussion

In our study, the PCT and CRP levels were significantly
higher in the IPF-PNA group when compared with the IPF-

AE group. Also, the IPF-PNA group had a longer hospital
stay. When the cut-off values of the CRP and PCT levels were
specified, PCT was found to be a more sensitive biomarker
for differentiating between IPF-PNA and IPF-AE.

The fact that both IPF-PNA and IPF-AE groups have
similar clinical, laboratory, and radiologic findings makes
it difficult to decide on antibiotic use. The differentiation
between patients who require antibiotic treatment and

Table 1. General characteristics of the IPF-PNA and IPF-AE study

groups

Characteristics ::z-zAzli I(:ZZP;;A 2p-value
Age, years 62.9+7.6 67.3+6.6 0.049
Female/male 10/12 2/20 0.007
PCT, ng/mL 0.0642+0.049 1.727+3.549 | <0.001
CRP, mg/L 55.4+47.2 148.4+97.7 <0.001
ESR, mm/hr 48.7+28.8 64.8+24.6 0.157
NLR 6.08+4.5 9.56+7.9 0.110
PLR 21.93+19.8 38.06+48.6 0.054
WBC 11.83+3.57 14.0+6.38 0.051
Neut 72.4+18.3 74.3+22.2 0.764
Lymph 18.9+14.4 12.3+7.1 0.059

Eos 1.4+1.5 1.3x1.5 0.571

PLt. 279.7+101.1 284.0+30.5 0.904
Length of stay, day 8.54+2.5 15.18+8.3 0.001
2:Mann-Whitney U test,IPF: Idiopathic pulmonary fibrosis,|IPF-PNA: Pneumonia
in patients with IPF, IPF-AE: Acute exacerbation of IPF, PCT: Procalcitonin,
CRP: C-reactive protein, ESR: Erythrocyte sedimentation rate, NLR: Neutrophil
lymphocyte ratio, PLR: Platelet lymphocyte ratio, WBC: White blood cells, Neut:
Neutrophil, Lymph: Lymphocyte, Eos: Eosinophil, Plt: Platelet

CRP (mg/L)

100,00+

1

PCT (ng/ml)

L

T
IPF +Pneumonia

Figure 1. Distribution of PCT and CRP levels between study groups

T
IPF +Pneumonia

PCT: Procalcitonin, CRP: C-reactive protein, IPF-AE: Acute exacerbation of IPF, IPF: Idiopathic pulmonary fibrosis
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those who do not remains a challenge, as reliable clinical
and/or microbiological parameters that are easily accessible
during sampling are still inadequate. At this stage, the
delayed availability of culture results, low sensitivities of
some tests,and the contamination risk, especially in sputum
cultures, pose challenges in making decisions regarding
antibiotic usage. Inflammatory markers like CRP or white
blood cells (WBC) are faster and more easily accessible
indicators for indicating infection in daily practice, yet
lack specificity for bacterial infections. This scenario has
prompted the exploration of new biomarkers that are more
discriminative. One of these biomarkers mentioned is PCT.
Procalcitonin is produced by the medullary C glands
of the thyroid and neuroendocrine cells of the lung in the
healthy population (9,10). 1t is a member of the CAPA protein
family and is a 116 amino acid polypeptide (11). It rapidly
converts into the 32 amino acid hormone calcitonin, which
plays an important role in calcium hemostasis,and therefore
presents in very small amounts in circulation (<0.01 ng/
mL) (12). Depending on the type and severity of infection,
varying amounts of PCT are released into the circulation
from other parenchymal tissues and differentiated cell types

ROC Curve

Sensitivity

0!4 O.IS
1 - Specificity

Figure 2. ROC curve for defining the PCT and CRP cut-off point
predicting pneumonia

PCT: Procalcitonin, CRP: C-reactive protein, ROC: Receiver operating
characteristic

(13,14). PCT serum levels are increased in bacterial, fungal,
and parasitic infections, but do not rise or slightly increase
during viral infections and non-infectious inflammatory
reactions (14). It is also critical to differentiate between
infectious and non-infectious exacerbations in IPF patients
because bacterial PNA stands as a well-known leading cause
of mortality in patients with IPF (7,15). Additionally, the
treatments for these two conditions are very different from
each other; while antibiotherapy is required for infectious
exacerbations, systemic glucocorticoids are suggested for
non-infectious exacerbations (16). Ding et al. (8) showed
that PCT-guided antibiotic use in IPF-AE reduced antibiotic
exposure and duration of antibiotic treatment, indicating
that PCT is a useful biomarker in the management of
these patients. In the light of this information, PCT, which
gives quick result and provides practical approach, was
preferred in our study design. The outcomes of our study
also demonstrate that PCT can be employed as a biomarker
to differentiate between IPF-AE and IPF-PNA.

Procalcitonin emerges as a more specific biomarker for
the identification of bacterial infections. PCT is produced
in response to endotoxins or bacterial infections, triggered
by cytokines like interleukin (IL)-1b, tumor necrosis factor
(TNF)-a, and IL-6 (17). The elevation of PCT levels is
attenuated by interferon (INF)-y released in viral infections,
rendering it lower in viral infections and more specific for
bacterial infections,allowing for the differentiation between
bacterial and viral illnesses. A meta-analysis performed by
Simon et al. (18) showed that PCT is more sensitive and
specific than CRP for the differential diagnosis of viral
and bacterial infection. It also helps in planning to start
or cease antibiotic treatments (19). Because unnecessary
and prolonged use of antibiotics increases antibiotic
resistance and the risk of fungal infections (20,21). The
widespread use of antibiotics is also a public health issue
due to increased healthcare costs (22). However, avoiding
antibiotics when PNA is suspected, is as dangerous as the
overuse of antibiotics (23,24). The role of PCT has been
researched in many different infectious diseases. ProHOSP
study has shown that using PCT may reduce antibiotic use
in emergency departments in infections of lower respiratory
tract such as community-acquired pneumonia (CAP), acute
bronchitis, and acute exacerbations of chronic obstructive
pulmonary disease (25). Jain et al. (26) have illustrated

Table 2. Diagnostic accuracy rates of PCT and CRP in the differential diagnosis of IPF-PNA and IPF-AE study groups

Cut-off AUC 95% Cl Sensitivity/specifity PPV NPV NLR Accuracy | p-value
PCT, ng/mL 0.1065" 0.963 95% Cl: 0.916-1.000 0.955/0.773 0.808 0.944 | 0.05 0.863 <0.001
CRP, mg/L 35 0.820 | 95% Cl:0.699-0.942 0.955/0.500 0.656 0917 |0.09 0.727 <0.001

IPF: Idiopathic pulmonary fibrosis, IPF-PNA: pneumonia in patients with IPF, IPF-AE: Acute exacerbation of IPF, AUC: The area under the ROC curve, PPV: Positive
predictive value, NPV: Negative predictive value, NLR: Negative likelihood ratio, PCT: Procalcitonin, CRP: C-reactive protein, *: ng/mL, **: mg/L
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that PCT may be helpful in antibiotic decision-making for
CAP. Moisa et al. (27) evaluated hematological biomarkers
in distinguishing viral and bacterial sepsis and found that
PCT was the best discriminative parameter among all
measured parameters. Another retrospective study showed
that PCT and CRP levels in non-neutropenic lung cancer
patients with tumor fever to differentiate localized bacterial
infection from bacteremia,and compared with CRP,PCT was
to be more accurate in differentiating tumor fever from
bacterial infections (28). Wang et al. (29) found that PCT was
a more useful biomarker than CRP to differentiate acute
radiation pneumonitis from bacterial PNA in patients with
lung cancer. In a study examining WBC, CRP, and PCT levels
of patients with cryptogenic organizing pneumonia (COP),
another interstitial lung disease, were compared with CAP
patients; PCT was shown to be a more useful biomarker in
differentiating COP from CAP (30). In our study, which aimed
to differentiate pneumonia from exacerbation according
to inflammatory biomarkers measured on the first day of
hospitalization, PCT was found to be more sensitive than
CRP in predicting exacerbation in patients with IPF, which
is consistent with the literature.

A systematic review assessing PCT’s role as a predictor of
sepsis has indicated that surpassing threshold levels in PCT
could be a superior indicator compared to CRP. Nonetheless,
it's noted that the cut-off values for patients can vary due
to diverse surgical procedures, medication use,and immune
system conditions (31). Ding et al. (8) have evaluated the
feasibility of PCT in navigating antibiotic use in IPF-AE.
One group of patients with IPF-AE was given antibiotics
according to daily routine practice, whereas the other
group was treated with the guidance of PCT levels. This
study concluded that the use of 0.25 ng/mL as a threshold
level for PCT decreased the length of antibiotic treatment
and the number of patients receiving antibiotics (8). Sim
et al. (3) have retrospectively evaluated 21 cases with
interstitial lung disease who had recently increased
dyspnea and worsened radiological findings. In nine of
21 patients, the cause of deterioration was bacterial PNA.
They concluded that a cut-off value of 0.1 ng/mL for PCT
may clearly indicate IPF-AE and facilitate clinical decision-
making. At this threshold, the sensitivity, specificity, and
NPV of serum PCT level are 88.9%, 100.0%, and 92.3%,
respectively (3). In our study, when 0.1065 ng/mL was taken
as the cut-off for PCT, the results were 95.5%, 77.3%, and
94.4%, respectively. Our findings are consistent with the
previous study. Further large-scale studies are still needed
to identify the exact cut-off values in more homogenous
patient populations.

IPF is more common in older adult men and Karkkainen
et al. (32) have reported that this is a risk factor for

mortality in IPF-PNA patients. As far as we know, there is
no data regarding the higher frequency of IPF-PNA cases in
males compared to IPF-AE cases. A statistically significant
predominance of male-sex in the IPF-PNA group was seen
in this study.

Study Limitations

The limitations of the study can be described as the
retrospective structure and the small sample size. Given
the retrospective nature of our study, decisions regarding
antibiotic initiation and cessation were not solely based
on PCT. In order to comprehensively understand the role
of this biomarker in guiding the clinical decision-making
process, prospective studies are imperative. Additionally,
it's noteworthy that most patients received PNA diagnoses
through multidisciplinary evaluations and clinical and
radiological assessments. Although this approach proves
satisfactory in diagnosis, the absence of comprehensive
microbiological confirmation constitutes another limitation
of our study.

Conclusion

PCT and CRP levels were higher in the IPF-PNA than in
the IPF-AE. Compared with CRP,PCT was found to be a more
sensitive biomarker in differentiating IPF-PNA from IPF-AE.
Future studies with larger study populations are essential
on this issue.

Information: The article was presented as an oral
presentation at TUSAD 40. Ulusal Kongresi 13-16 October
2018, Kemer, Antalya, SS-129.
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Postoperative Outcomes of V-notes (Transvaginal Natural Orifice
Transluminal Endoscopic Surgery) Sacrocolpopexy in Patients with
Pelvic Organ Prolapse

Pelvik Organ Prolapsusu Olan Hastalarda V-notes (Transvaginal Natural
Orifice Transluminal Endoscopic Surgery) Sakrokolpopeksinin Postoperatif
Sonuglari

@ ELif Cansu Glndogdu, @ Elif Beyza Ozer

University of Health Sciences Tiirkiye, Kartal Dr. Liitfi Kirdar City Hospital, Clinic of Obstetrics and Gynecology, Istanbul, Tiirkiye

Background: This study introduces and evaluates a novel surgical approach for treating pelvic organ prolapse (POP) by combining
vaginal natural orifice transluminal endoscopic surgery (V-NOTES) with sacrocolpopexy. The aim was to provide maximal benefit
to patients through this approach, eliminating the need for additional incisions and utilizing the anterior longitudinal ligament for
suspension.

Materials and Methods: The study enrolled 11 patients who underwent V-NOTES sacrocolpopexy after vaginal hysterectomy. The
patients’ quality of life improved significantly after the procedure, as indicated by the pelvic floor impact questionnaire and pelvic
floor distress inventory scores. The technique involved using helical titanium tacks to secure the mesh to the anterior longitudinal
ligament, streamlining the procedure and standardizing mesh fixation.

Results: The median age of patients was 64 years. The median operative time for V-NOTES sacrocolpopexy was 150 minutes.
There were no perioperative complications, and postoperative pain scores were minimal. Patients expressed high satisfaction with
cosmetic outcomes, and physical examination findings demonstrated significant improvement in POP.

ABSTRACT

Conclusion: V-NOTES sacrocolpopexy is an effective and promising approach for managing POP prolapse after vaginal hysterectomy.
The procedure demonstrated positive outcomes in terms of operative time, complications, pain scores, cosmetic results,and hospital
stay. Moreover, it significantly improved patients’ quality of life, positively impacting daily activities and emotional well-being.As the
incidence of POP is expected to rise with an aging population, V-NOTES sacrocolpopexy may offer a minimally invasive alternative
for treating apical compartment prolapse.

Keywords: Pelvic organ prolapse, V-NOTES sacrocolpopexy, minimally invasive surgery, quality of life,anterior longitudinal ligament

Amag: Bu calisma, vajinal histerektomi sonrasi pelvik organ sarkmasinin (POP) tedavisi igin vajinal dogal agiklik transliminal
endoskopik cerrahi (V-NOTES) yonteminin sakrokolpopeksi ile birlestirilerek yeni bir cerrahi yaklasimin tanitilmasini ve
degerlendirilmesini icermektedir. Amag, bu yaklasim araciligiyla hastalara yapilacak ek insizyon ihtiyacini ortadan kaldirarak ve
anterior longitudinal ligaman kullanarak maksimum fayda saglamaktir.

Gereg ve Yontemler: Calismaya vajinal histerektomi sonrasi V-NOTES sakrokolpopeksi yapilan 11 hasta dahil edildi. Hastalarin
yasam kalitesi, pelvik taban etki anketi ve pelvik taban rahatsizlik envanteri puanlariyla degerlendirildi ve islem sonrasi 6nemli
olclide iyilesme gosterdi. Teknikte, helikal titanyum civiler kullanilarak mes anterior longitudinal ligamana sabitlendi. Bu teknik
operasyonun kolaylasmasinin yani sira mes sabitlemesinin de standart hale gelmesini sagladi.

Bulgular: Hastalarin ortanca yasi 64'tl. V-NOTES sakrokolpopeksi igin ortalama ameliyat siiresi 150 dakikaydi. Perioperatif

komplikasyonlar gorilmedi ve ameliyat sonrasi agri puanlari minimaldi. Hastalar kozmetik sonuclardan memnuniyetlerini ytksek
duzeyde ifade ettiler ve fiziksel muayene bulgulari POP’de dnemli bir iyilesmeyi gosterdi.
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Sonug: V-NOTES sakrokolpopeksi, vajinal histerektomi sonrasi POP’yi yénetmek icin etkili ve umut verici bir yaklasimdir. Islem,
operasyon suresi, komplikasyonlar,agri skorlari, kozmetik sonuglar ve hastanede kalis stresi agisindan olumlu sonuglar gostermistir.
Ayrica, hastalarin yasam kalitesini 6nemli 6l¢lide artirmistir ve guinliik aktivitelere ve duygusal iyilik haline olumlu etki etmistir. POP
insidansinin yaslanan niifusla birlikte artmasi beklenirken, V-NOTES sakrokolpopeksi tedavide potansiyel faydalar sunan minimal

invaziv bir alternatif olabilir.

Anahtar Kelimeler: Pelvik organ prolapsusu,V-NOTES sakrokolpopeksi, minimal invazif cerrahi,yasam kalitesi, anterior longitudinal

ligament

Introduction

The prevalence of pelvic organ prolapse (POP) varies
between studies. It can occur at any age, yet studies have
shown that POP symptoms peak between the ages of 70
and 79 (1). POP is expected to become more common as
populations age (2). Therefore, gynecologists will be more
likely to encounter patients with POP during routine
examinations. However, even if it has been medically
diagnosed, POP does not necessarily need to be treated
unless the patient has complaints that affect quality of
life. When patients present with POP symptoms, treatment
options can be considered based on the type of prolapsed
organ(s) and the severity of the condition.

Various vaginal or abdominal approaches have so
far been described for the surgical treatment of POP (3).
Suspension of the prolapsed vagina after hysterectomy is
one of the surgical options in patients with total prolapse
if no desire for fertility. Vaginal hysterectomy, which is
considered the gold standard, can be performed in patients
with POP without the need for abdominal incision. After
hysterectomy, ligaments such as the sacrospinous ligament,
iliopectineal ligament or anterior longitudinal ligament may
be preferred to suspend a prolapsed vagina (4). The anterior
longitudinal ligament was determined as the ligament with
the highest tensile strength among the pelvic ligaments
(5). Many consider sacrocolpopexy, where the vagina is
suspended to the anterior longitudinal ligament, to be top
choice for treating apical compartment prolapse. In order
to perform sacrocolpopexy surgery, the anterior longitudinal
ligament must be exposed by dissecting the peritoneum
over the sacrum. However, there is a problem of inadequate
exploration to safely perform sacrocolpopexy through
vaginal route. Therefore, hysterectomy with abdominal or
laparoscopic approach is generally preferred in patients
who will undergo sacrocolpopexy surgery. With the widely
recognized benefits of minimally invasive procedures,
like quicker recovery, reduced hospitalization time, and
diminished pain, it’s quite understandable that surgeons
would lean towards laparoscopic sacrocolpopexy over
abdominal sacrocolpopexy whenever feasible. However, an

abdominal incision is required to perform sacrocolpopexy
in conventional and single-port abdominal laparoscopic
surgery.

Transvaginal natural orifice transluminal endoscopic
surgery (V-NOTES), which can be defined as single port
laparoscopic surgery through the vaginal route, has started
to gain popularity in recent years. Apart from the vaginal
incision, which has to be made regardless of the surgical
approach, the absence of the need for an additional
incision in V-NOTES hysterectomy and subsequent surgical
procedures that can be performed vaginally is one of
the important aspects that distinguishes V-NOTES from
other laparoscopic surgeries. Moreover, V-NOTES allows
exploration of the entire abdominal cavity via using the
vaginal route only. Thus, the exploration required to safely
perform sacrocolpopexy,which is the gold standard method,
can be achieved with V-NOTES.

In this study, we combined the main elements of two
gold standard methods by completing the operation
without making an additional incision and using the
strongest pelvic ligament in suspension. We aimed to
provide maximum benefit to patients by performing
V-NOTES sacrocolpopexy after vaginal hysterectomy. We
reported the perioperative and early postoperative results
of V-NOTES sacrocolpopexy in patients with POP and its
effect on patients’ quality of life.

Material and Methods

The study enrolled individuals who visited the obstetrics
and gynecology outpatient clinic due to POP concerns and
underwent V-NOTES sacrocolpopexy. The University of
Health Sciences Turkiye,Kartal Dr. Litfi Kirdar City Hospital’s
Ethics Committee granted ethical approval for the study
(reference number: 2022/514/222/30). Specifically, those
aged 45 to 79, exhibiting stage Ill or IV prolapse according
to POP-Q classification, free from contraindications for
pneumoperitoneum and the Trendelenburg position,
and suitable for transvaginal NOTES were included.
Preoperatively, two surgeons conducted evaluations for all
patients. All patients were operated by the same surgeons.
In the assessment of patients for contraindications to
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the Trendelenburg position and pneumoperitoneum, the
anesthesiologist conducted a comprehensive evaluation.
This evaluation involved a thorough review of the patient’s
medical history, including any preexisting cardiovascular,
respiratory, or neurological conditions. Additionally, the
anesthesiologist performed a physical examination to
assess factors such as hemodynamic stability, lung function,
and neurological status. Special attention was given to
identifying any potential contraindications, such as severe
cardiac disease, intracranial hypertension, or compromised
respiratory function. The goal of this meticulous evaluation
was to ensure patient safety and make informed decisions
regarding the feasibility of utilizing the Trendelenburg
position and pneumoperitoneum during surgical procedures.

Information regarding demographics, age, medical
and surgical background body mass index (BMI), surgical
duration, pre- and post-operative hemoglobin levels,
perioperative complications, and hospitalization duration
were gathered. The surgical duration was measured from
the initial incision to the final suture. Intraoperative
complications encompassed ureteral, bladder, bowel, and
vascular injuries. Hematoma, infection, pain, mesh erosion,
ileus and new onset urinary incontinence were considered
as postoperative complications. The patients were evaluated
with visual analogue scale (VAS) at the postoperative 24"
hour, with a pain score of 0 (no pain) to 10 (worst pain).
In the 1% month after the operation, cosmetic scoring was
performed using the VAS scale, as 1 (not at all satisfied) 10
(very satisfied).

Both before and one month after surgery, the POP
quantification (POP-Q) scores were assessed. The Turkish-
validated pelvic floor impact questionnaire (PFIQ-7)
and pelvic floor distress inventory (PFDI-20) were used
to assess quality of life before and one month after the
surgery. The PFIQ-7 is an assessment form that questions
the impact of pelvic floor function on daily activities,
quality of life, and emotional health. Comprising a total
of 21 questions categorized into three subgroups- the
urinary impact questionnaire (UIQ), the colorectal-anal
impact questionnaire (CRAIQ) and the pelvic organ
prolapse impact questionnaire (POPIQ)- the PFIQ-7 was
employed. The higher the score on the PFIQ-7,the greater
the impact of pelvic floor dysfunction on the patient’s
life. PFDI-20 is an assessment form that aims to evaluate
the level of discomfort associated with symptoms. The
PFDI-20 consist of 3 scales: Pelvic organ prolapse distress
inventory (POPDI), urinary distress inventory (UDI) and
colorectal-anal distress inventory (CRADI). According to
the degree of their complaints, patients answer a total
of 20 questions as 0 (absent), unimportant (1), little (2),
moderate (3), a lot (4). A maximum of 300 points can be

scored. The higher the score, the greater the pelvic floor
dysfunction.

Surgical Technique

A single dose of 2 g of cefazolin IV was administered.
The procedure was carried out with the use of general
anesthesia. After holding the cervix with a tenaculum,
a circular incision was made around the cervix. In the
posterior part of the circular incision, the vaginal wall was
held with Allis clamps. After the peritoneum was identified,
it was cut with scissors. Then, the anterior vaginal wall
was held with Allis clamps. Vesicouterine pouch was
entered by sharp dissection while protecting the bladder.
Retractors were utilized to protect bladder and rectum.
The uterosacral and cardinal ligament complex, uterine
vessels, broad ligament, utero-ovarian ligament, round
ligament and cornual end of the Fallopian tube were
sealed and cut, with a vessel sealing system (LigaSure™,
Medtronic, Mansfield, MA). Thus, the uterus was freed from
all attachments and the hysterectomy was completed. The
polypropylene mesh (POLYMESH Polypropylene, Betatech
Medical Devices ABD drugs, Turkiye) was then placed on the
posterior part of the vaginal cuff with 2-0 non-absorbable
monofilament polypropylene suture. The GelPOINT
advanced access platform (Applied Medical Resources
Corp.,Rancho Santa Margarita) was used for V-NOTES. First,
a wound retractor (Alexis O wound protector-retractor;
Applied Medical Resources Corp., Rancho Santa Margarita)
was inserted through vagina into the abdominal cavity.
The GelSeal cap with 4 low-profile sleeves (Applied
Medical Resources Corp., Rancho Santa Margarita) was
placed over the wound retractor. CO, was insufflated
through this port to a pressure of 12 mmHg at a flow rate
of 0.4 L/min. The adnexa were grasped with a laparoscopic
grasper. The infundibulopelvic ligament was sealed and
cut with a vessel sealing system. Bilateral adnexectomy
was performed. The operating table was tilted to 30° of
Trendelenburg position so that the sacral promontorium
could be seen. Then, the intestines were retracted with
a fan-shaped retractor (Karl Storz GmbH and Company,
Tuttlingen, Germany). The peritoneum covering the sacral
promontory was ligated, incised, and divided using a
vessel sealing system (LigaSure™, Medtronic, Mansfield,
MA. The anterior longitudinal ligament was revealed.
Ureteral course identified. The mesh was fastened to the
anterior longitudinal ligament using helical titanium tacks
(ProTack™, Medtronic, Mansfield, MA, USA). The GelPOINT
advanced access platform was removed. The Vaginal cuff
was sutured shut using a continuous and locking technique
with delayed absorbable polyglactin 910 suture (Vicryl®,
Ethicon Inc.,Somerville, NJ, USA).
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Statistical Analysis

The statistical analysis was conducted using SPSS
version 25 (IBM; Chicago, IL, USA). The analysis includes
frequency and percentage figures for qualitative variables,
along with median, minimum and maximum values for
quantitative variables. The Wilcoxon test was used for
comparison of repeated measurements before and after
surgery. Type | error rate was taken as a=0.05 in the study.

Results

Thirteen patients who fulfilled the eligibility criteria
and provided written informed consent underwent
V-NOTES sacrocolpopexy. Despite two patients expressing
satisfaction with the surgery during a telephone interview,
they did not attend the clinic for a physical examination
within the initial month following the operation. The study
comprised the remaining eleven patients. The median age
of the patients was 64 (range, 55-77) years. Among the
patients six had hypertension four had diabetes mellitus,
and three had coronary artery disease. Median BMI of the
patients was 29 kg/m? (range, 20 - 34 kg/m?). The median
operation time was found to be 150 (range, 80-210)
minutes. There were no perioperative complications. None
of the cases were converted to laparoscopy or laparotomy.
The median VAS score at the postoperative 24" hour was
0. The median preoperative hemoglobin level was 13 mg/
dL (range, 11 to 14). The median postoperative hemoglobin
level was 12.3 mg/dL (range, 10.4 to 13.6). The median
hospital stay of the patients after the operation was 2 days.
All patients had a cosmetic score of 10 in the first month
postoperatively.

Before the surgery, all patients were classified as
stage 3 or 4 according to the POP-Q staging system. In
the physical examination of the patients at the 1% month
postoperatively, it was found that all patients had POP-Q
stage 0 or 1. In the preoperative phase, the median total
score on the PFIQ-7 was 166.The median PFIQ-7 total score
was 0 at the first postoperative month. When comparing the
preoperative and postoperative median total scores on the
PFIQ-7, a statistically significant difference was observed
(p=0.003). This notable contrast underscores the surgery’s
favorable impact on patients’ daily activities, quality of life,
and emotional well-being. Subgroups of PFIQ-7 were also
evaluated. A statistically significant difference was found
between the pre- and postoperative periods in UIQ and
POPIQ scores (p=0.008, p=0.003, respectively). There was
no statistically significant difference in CRAIQ scores. The
median PFDI-20 scores of the patients in the preoperative
period was 37. The median PFDI-20 scores of the patients
in the postoperative period were 0. There was a statistically

significant difference between the preoperative and
postoperative PFDI scores of the patients (p=0.003). When
the subgroups of PFDI, namely POPDI, CRADI, and UDI, were
examined separately, a statistically significant difference
was found in each subgroup. The median, minimum and
maximum values, p-values and Z scores of the patients’
preoperative and postoperative PFDI-20 and PFIQ-7
evaluations are shown in Table 1.

Discussion

In this study, we introduced and evaluated a novel
surgical approach for treating POP by combining V-NOTES
with sacrocolpopexy. This approach involved performing
V-NOTES sacrocolpopexy after vaginal hysterectomy, which
not only eliminated the need for additional incisions but
also harnessed the strength of the anterior longitudinal
ligament for suspension. Our findings demonstrated
favorable outcomes in terms of surgical success, reduced
postoperative pain,and excellent cosmetic results. Patients
reported improvements in quality of life. Moreover, the
technique of using helical titanium tacks for mesh fixation
expedited the procedure and enhanced standardization.This
innovative approach holds promise for selected patients and
provides a compelling alternative in the field of minimally
invasive surgical treatments for POP. The combination of
reduced surgical invasiveness, favorable clinical outcomes,
and improved patient experience emphasizes the clinical
implications of adopting this approach in suitable
candidates for POP treatment.

Minimally invasive surgery aims for less surgical
damage, less inflammation, and less neuroendocrine

Table 1. Pre- and postoperative pelvic floor distress inventory

short form 20 and pelvic floor impact questionnaire short form
7 scores of the patients

Preoperative | Postoperative | p-value

Total PFDI-20 score | 37 (10-52) 0 (0-16) 0.003*
POPDI score 14 (4-24) 0(0-2) 0.003*
CRADI score 5 (0-13) 0(0-3) 0.007

UDI score 13 (5-23) 0 (0-16) 0.005
Total PFIQ-7 score 166 (75-246) 0 (0-100) 0.003*
CRAIQ score 0 (0-100) 0 (0-0) 0.068

UIQ score 28 (0-100) 0 (0-100) 0.008
POPIQ score 90 (66-100) 0 (0-0) 0.003*
PFDI-20: Pelvic floor distress inventory short form 20, POPDI: Pelvic organ
prolapse distress inventory, CRADI: Colorectal-anal distress inventory, UDI:
Urinary distress inventory, PFIQ-7: Pelvic Floor impact questionnaire short
form 7, CRAIQ: Colorectal-anal impact questionnaire, UIQ: Urinary impact
questionnaire, POPIQ: Pelvic organ prolapse impact questionnaire. Data are
presented as median (min-max)
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response,and thus less postoperative pain, rapid recovery,
and good cosmetic results. In operations that can be
performed vaginally after hysterectomy, completing the
procedure through the vaginal incision without making
any additional incision may contribute to these benefits.
Therefore, it seems reasonable to perform sacrocolpopexy
vaginally after vaginal hysterectomy. To date, only a few
studies have reported laparoscopic or robotic V-NOTES
sacrocolpopexy (6,7,8). When V-NOTES sacrocolpopexy
is performed, laparoscopic suturing appears to prolong
the operative time. On the other hand, robotic surgery is
not available in many hospitals and increases the cost
of surgery. These can be overcome by securing the mesh
to the anterior longitudinal ligament using tacks in
V-NOTES sacrocolpopexy. To the best of our knowledge,
this is the first study to report the results of V-NOTES
sacrocolpopexy with helical titanium tacks after vaginal
hysterectomy.

The first reports of V-NOTES sacrocolpopexy were
published in the literature about 4 years ago. Early
publications consisted of case reports and technical
details (6,8,9). This was followed by the publication of the
early results of a series of 26 patients who underwent
V-NOTES sacrocolpopexy by Liu et al. (7). In these studies,
laparoscopic suturing was used to secure the mesh to the
anterior longitudinal ligament. Based on the technically
challenging nature of suturing/knotting in V-NOTES
sacrocolpopexy, Guan et al. (8) published the first report
on robot-assisted V-NOTES sacrocolpopexy. The literature
shows that tacks or suturing can be used in the fixation of
the mesh in sacrocolpopexy (9,10). Laparoscopic suturing
requires training and knot security may vary depending
on the technique and skill of the surgeon. On the other
hand, tacks are easy to use and can standardize the mesh
fixation step regardless of the surgeon’s skill. In this study,
we fixed the mesh to the anterior longitudinal ligament
with helical titanium tacks. Thus, we both standardized
the fixation of the mesh to the ligament and shortened
the time of the laparoscopic part of the operation. In
addition, in abdominal laparoscopic surgery, where the
laparoscope is inserted through the abdomen, the sacrum
can be viewed from above. Therefore, there may be
difficulties in fixing the mesh to the anterior longitudinal
ligament. However, in V-NOTES sacrocolpopexy, if the
rectum is retracted laterally with an atraumatic grasper,
the ventral side of the sacrum can be easily seen. Better
visualization of the operative field can help fix the
mesh in the correct anatomical position and shortens
the operation time. Moreover, additional prolapse and/
or urinary incontinence surgeries can be performed
vaginally, if needed, without the need to change position

after V-NOTES sacrocolpopexy. In our study, the median
operation time was 150 minutes.

In our previous studies, we stated that especially obese
patients could benefit from V-NOTES (11,12). Similarly, we
believe the group that will benefit most from V-NOTES
sacrocolpopexy will be obese patients. Obese patients may
particularly benefit from V-NOTES sacrocolpopexy due to
a combination of factors related to their anatomy and the
advantages of the surgical technique. Obesity is associated
with increased surgical risks, such as higher rates of surgical
site infections and compromised respiratory function during
laparoscopic procedures (13). V-NOTES sacrocolpopexy
presents several attributes that can mitigate these risks in
obese patients. Firstly, the absence of additional incisions
in V-NOTES sacrocolpopexy after vaginal hysterectomy
eliminates the potential complications associated with
incisions, such as infection and incisional hernias, which
are more prevalent in obese individuals. As adipose tissue
is more susceptible to infections and wound healing
complications, avoiding additional incisions is especially
beneficial for obese patients (13).

Secondly, the shorter laparoscopic portion of the
surgery in V-NOTES sacrocolpopexy compared to traditional
laparoscopic approaches reduces the potential negative
impact of pneumoperitoneum and the Trendelenburg
position on respiratory function. Obesity is linked to
decreased lung function,and these physiological challenges
can be exacerbated by factors like intra-abdominal pressure
changes and altered diaphragmatic mechanics during
laparoscopy. V-NOTES sacrocolpopexy, with its shorter
laparoscopic component, may reduce the overall impact
on respiratory function and help prevent complications in
obese patients.

Moreover, the standardized fixation of the mesh to
the anterior longitudinal ligament using helical titanium
tacks simplifies the surgical procedure, irrespective of the
surgeon’s experience. This reduces operative time, which
is beneficial for obese patients who are at higher risk of
complications with longer surgeries. Additionally, the
improved visualization of the operative field in V-NOTES
sacrocolpopexy facilitates accurate mesh placement,
enhancing surgical outcomes for obese patients.Considering
these factors, V-NOTES sacrocolpopexy’s combination of
certain advantages, including decreased incision-related
complications, potentially limited impact on respiratory
function, and standardized surgical steps, might be worth
exploring for obese patients with pelvic organ prolapse.
This approach not only addresses the specific challenges
posed by obesity but also aligns with the overall goals
of minimizing surgical invasiveness, optimizing patient
outcomes,and improving quality of life. In the present study,
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almost half of the patients (5 out of 11) had a BMI of 30.0
kg/m? or higher. The median laparoscopic surgery time for
V-NOTES sacrocolpopexy was 20 minutes (range, 10 to 30).
Adverse respiratory system events were not observed in any
patient.

Li et al. (14) conducted a retrospective cohort study
comparing V-NOTES sacrocolpopexy with multi-port
laparoscopic  sacrocolpopexy, revealing comparable
perioperative outcomes in both methodologies. The main
difference between the two groups in that study was that
patients who underwent V-NOTES sacrocolpopexy had
lower pain scores and higher cosmetic scores.As mentioned
before, when V-NOTES sacrocolpopexy is performed after
vaginal hysterectomy, there is no need for an additional
incision other than the vaginal incision. Thus, there is
no pain that may arise from an additional incision. The
cosmetic results of the patients are excellent as there are
no visible incisions in V-NOTES. In the current study, the
median VAS score of the patients at the 24" hour was 0.
The cosmetic score of all patients was 10 at postoperative
15t month.

Pelvic floor dysfunction can affect daily activities,
emotional health and quality of life. There are various
assessment forms to understand the impact of pelvic floor
dysfunction. To understand the effect of treatment on pelvic
floor dysfunction, these forms can be performed before
and after treatment and the results can be compared. We
performed pre- and postoperative PFDI-20 and PFIQ-7
evaluations on the patients. When the preoperative and
postoperative median PFDI-20 and PFIQ-7 scores of the
patients were compared, statistically significant difference
was found (p=0.003 and p=0.003), respectively.A statistically
significant difference was also found in all subgroup scores
of the evaluations, except for the CRAIQ score. All patients
had a CRAIQ score of 0 in the postoperative period. When
the CRAIQ scores of the patients in the preoperative
period were examined, it was seen that only 4 patients had
scores other than 0. Therefore, the low preoperative scores
were considered as a possible reason for not detecting
a statistically significant difference in CRAIQ scores.
Considering the physical examination findings, POP-Q
evaluation of all patients was stage 4 in the preoperative
period and O at postoperative 15t month.

Conclusion

V-NOTES sacrocolpopexy after vaginal hysterectomy
is a remarkable method that can be preferred in well-
selected patients, characterized by good results in both
physical examination and self-reported pelvic floor
function assessment. The surgery stands out with its high
cosmetic scores and low pain scores. Utilizing tacks to

secure the mesh to the anterior longitudinal ligament not
only shortens the operative time but also standardizes the
procedure, mitigating variations in surgical experience.
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Salgin Senaryosunun Disindaki Serratia spp. Enfeksiyonlari: Bir Universite
Hastanesindeki Hastalarin Bes Yillik Degerlendirmesi
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ABSTRACT

Background: Serratia spp. are Gram-negative bacilli commonly found in soil and water, causing opportunistic infections particularly
in hospital settings.

Materials and Methods: A hospital review of patients hospitalized from 2017 to 2022 was made to identify patients whose clinical
cultures grew Serratia spp. Inclusion criteria were age 218 years and isolation of one or more positive blood cultures for Serratia
spp. Bacteremia was classified into two groups: Primary hospital-acquired bacteremia detected after 48 hours of hospitalization and
bacteremia detected within the first 48 hours that was associated with previous healthcare facilities or applications.

Results: During the study period, Serratia spp. were identified in blood cultures of 46 patients (52.7% males; mean age 60.7+17.6
years). Thirty-one patients (67.4%) had hospital-acquired bacteremia, while 15 patients had bacteremia acquired from previous
healthcare facilities or applications. Thirty-five patients (76.1%) were infected by Serratia marcescens. All patients had predisposing
risk factors for bacteremia, the most common being malignancies (n=19), followed by cardiac diseases (n=16),and diabetes mellitus
(n=13). A history of antibiotic treatment in the past month was common (67.4%). Compared with patients who acquired bacteremia
from previous healthcare facilities or applications, the rate of prior antibiotic use was significantly higher in patients with hospital-
acquired bacteremia (p<0.01),so was the rate of appropriate empirical antibiotic use (p=0.01). Resistance to piperacillin/tazobactam
was significantly more common among patients who acquired bacteremia from previous healthcare facilities or applications
(p=0.02). Resistance to carbapenem in this group was also higher than expected (20%). During hospitalization, sepsis developed in
27 patients (58.7%). Within 30 days after laboratory detection of Serratia spp., mortality occurred in 16 patients (34.8%).

Conclusion: The rate of healthcare-associated bacteremia is alarmingly high among hospitalized patients, which requires a
meticulous inquiry into previous histories.

Keywords: Serratia marcescens, Serratia spp., healthcare-associated infection, bacteremia

Amag: Serratia turleri toprakta ve suda yaygin olarak bulunan ve ozellikle hastane ortamlarinda firsatci enfeksiyonlara neden olan
Gram-negatif basillerdir.

Gereg ve Yontemler: Klinik kilturlerinde Serratia spp. Gremesi olan hastalari belirlemek igin 2017-2022 yillari arasinda yatirilarak
izlenen hastalar degerlendirmeye alindi. Dahil edilme kriterleri 218 yas ve bir veya daha fazla kan kiiltiirinde Serratia spp. iremesi
olan hastalar olarak belirlendi. Hastaneye yattiktan 48 saat sonra saptanan primer hastane kaynakli bakteriyemiler ve daha onceki
saglik kurulusu basvurulari veya saglik uygulamalari ile iliskili olan ve ilk 48 saat icinde saptanan bakteriyemiler olmak lizere
bakteriyemiler iki gruba ayrildi.

Bulgular: Calisma siiresi boyunca, 46 hastanin (%52,7’si erkek; ortalama yas 60,7£17,6) kan kiiltlrlerinde Serratia spp. saptandi.
Hastalarin 31’inde (%674) hastane kaynakli bakteriyemi, 15 hastada ise daha onceki saglik kurulusu basvurulari veya saglik
uygulamalarindan kaynaklanan bakteriyemi vardi. Otuz bes hasta (%76,1) Serratia marcescens ile enfekteydi. Tim hastalarda
bakteriyemi icin predispozan risk faktorleri vardi; en sik gorilen risk faktorleri sirasiyla maligniteler (n=19), kalp hastaliklari
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(n=16) ve diyabet (n=13) idi. Son bir ayda antibiyotik tedavisi alma oykisi yaygindi (%67,4). Hastane kokenli bakteriyemisi olan
hastalarda 6nceki saglik kurulusu basvurulari veya saglik uygulamalari kaynakli bakteriyemisi olan hastalara kiyasla bakteriyemi
oncesi antibiyotik kullanma orani ve uygun ampirik antibiyotik kullanma orani anlamli derecede yiiksekti (sirasiyla p<0,01, p=0,01).

Piperasilin/tazobaktama direng, dnceki saglik kurulusu basvurulari veya saglik uygulamalari kaynakli bakteriyemisi olan hastalarda
anlamli olarak daha yiksekti (p=0,02). Bu grupta karbapenem direnci de beklenenden daha yliksekti (%20). Hastaneye yatis sirasinda
27 hastada sepsis gelisti. Serratia spp’nin laboratuvarda tespit edilmesinden sonraki 30 gtin iginde 16 hastada (%34,8) 6lim meydana

geldi.

Sonug: Hastanede yatan hastalar arasinda saglik hizmetiyle iliskili bakteriyemi orani endise verici derecede yiiksektir ve bu da
hastalarin gecmis oykilerin titiz bir sekilde arastirilmasini gerektirir.

Anahtar Kelimeler: Serratia marcescens, Serratia spp., saglik hizmeti iliskili enfeksiyon, bakteriyemi

Introduction

Serratia spp. are Gram-negative bacilli commonly
found in soil and water (1,2). Although it had long been
considered a nonpathogenic agent, Serratia spp. has now
been recognized as an infectious agent since the 1970s and
has been reported as a source of community-and hospital-
acquired and even healthcare-associated infections (3,4).
Serratia spp. accounts for 1-2% of all hospital-acquired
infections in a wide variety of hospital settings, particularly
in adult intensive care and neonatal intensive care units
(ICU) (5,6). A large number of reports are about hospital
outbreaks caused by Serratia spp. leading to bacteremia,
urinary tract, respiratory tract and wound-site infections,
endocarditis,and osteomyelitis which originate from use of
central venous catheters and some medications (heparin,
magnesium sulphate, propofol, etc.) as well as human
sanitary neglect (7,8,9,10,11,12,13,14,15,16,17,18). There
have also been individual case reports on Serratia spp-
associated endocarditis (19), meningitis (20,21), and soft-
tissue infections (22,23). In addition, intrinsic or emerging
resistance of Serratia spp. to commonly used beta-lactam
antibiotics is a growing concern among healthcare
professionals (5).

Due to the ubiquitous presence of the organism in
the nature, some authors proposed to seek the actual
source of Serratia bacteremia detected in primary hospital
settings from those acquired from community or previous
healthcare facilities or applications (7,24,25). Indeed,
healthcare-associated infections other than acquired in a
primary hospital setting are a growing problem worldwide,
contributing to antibiotic resistance, and complicating
establishment of appropriate antibiotic therapy as well
as increasing morbidity and mortality (9,24). This makes
this differentiation important when examining patient
populations with respect to the actual source of infections
and their appropriate treatment.

This study was designed to determine individual cases of
Serratia spp. bacteremia in a tertiary health care center over
a five-year period and to document laboratory and clinical
characteristics of patients, with emphasis on the need for
differentiation of bacteremia acquired in a primary hospital
setting and that acquired from previous healthcare facilities
or applications.

Material and Methods

A hospital review of patients hospitalized from February
2017 to 2022 was made to identify patients whose clinical
cultures grew Serratia spp.. Our 900-bed university hospital
includes six adult ICUs and newborn and pediatric ICUs.
After a comprensive search from hospital electronic records
and patient charts, patients were identified whose one
or more blood cultures grew Serratia spp. and those who
were 18 years of age or older were selected as eligible
participants.

Exclusion criteria included patients whose clinical data
were absent or missing and those with community-acquired
bacteremia, as defined by the absence of a previous history
of any healthcare service within the past 30 days despite
positive cultures detected within the first 48 hours of
hospitalization.

Patients with positive cultures for Serratia spp. were
further analyzed with respect to socio-demographic
characteristics, the length of hospitalization until detection
of Serratia spp.,diagnosis at admission,comorbidities, recent
histories of admission, treatment and interventions prior
to the current hospitalization, antibiotic treatments prior
to and after the detection of Serratia spp. becteremia, and
hospital setting at the time of growth of Serratia spp.. Blood
samples were processed using the automated Phoenix™
system (Becton Dickinson Diagnostics, USA).

The study was approved by the institutional review board
of Pamukkale University (04.01.2023/E.310937) and was
conducted in accordance with the Declaration of Helsinki.
Analysis and reporting of the results are in compliance with
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the Strengthening the Reporting of Observational Studies
in Epidemiology (STOBE) checklist.

Definitions

Bacteremia of hospital origin were defined according to
the National Nosocomial Infections Surveillance Network
(UHESA) (26).

Bacteremia was classified into two groups: Primary
hospital-acquired bacteremia and bacteremia associated
with previous healthcare facilities or applications. The
former was defined as at least one positive blood culture
taken from a patient after any time following 48 hours of
hospitalization. The latter was defined as any positive blood
culture obtained within the first 48 hours of hospitalization
from a patient who had been receiving hemodialysis,wound
care, chemotherapy, intravenous therapy, or nursing/home
care, or who had applied to a hospital clinic within the
past 30 days, or who had a history of hospitalization in the
previous 90 days for 22 days, or those living in a long-term
care facility.

Primary bacteremia was defined as the detection of a
positive blood culture for Serratia spp. in the absence of
any other positive culture (urine, bronchoalveolar lavage,
sputum, soft tissue). If Serratia spp. grew in any culture
along with blood cultures, the primary site of infection was
assumed to be the source where the positive culture had
been obtained; thus, secondary bacteremia. The isolation of
more than one organism from the same blood cultures was
defined as polymicrobial bacteremia.

A disease outbreak was defined based on the World
Health Organization criteria, as the occurrence and abrupt
onset of affected cases of disease confirmed by positive
cultures, exceeding what would normally be expected in a
healthcare facility (27).

Previous antibiotic use was defined as use of an
antibiotic for at least 48 h within the past month prior to
the bacteremia episode. Appropriate therapy was defined as
antibiotic therapy given based on the results of final blood
cultures. Hypoalbuminemia was defined as a serum albumin
level of less than 3.0 g/dL at the time of bacteremia.

The primary outcome was all-cause 30-day mortality
after the first detection of Serratia spp. bacteremia.

Statistical Analysis

Data were processed with using Statistical Package for
the Social Sciences (SPSS) 25 (IBM, Nyc, USA). Demographic
and clinical characteristics and laboratory data of patients
with primary hospital acquired bacteremia and those
determined to have bacteremia possibly acquired from other
healthcare facilities were compared. Categorical variables
were presented as numbers (percentage), continuous

variables were presented as means (standard deviation).
The Kolmogorov-Smirnov test was used to analyze the
normality of the distribution of parameters. Variables
without normal distribution were presented as medians
with interquartile range (IQR). The non-parametric Mann-
Whitney U test was used for comparison of numerical data,
and the chi-squared test or Fisher’s Exact test was used for
comparison of categorical data. A p-value of less than 0.05
was considered significant.

Results

During the study period, Serratia spp. was sporadically
identified in blood cultures of 47 patients. One patient who
met the criteria for community-acquired bacteremia was
excluded. Socio-demographic and clinical characteristics
of 46 patients with primary hospital-acquired or with
bacteremia acquired from previous healthcare facilities
are summarized in Table 1. The majority of the patients
were males (52.7%). The mean age of the patients was
60.7+17.6 years. The median hospital stay was 19.5 (IOR
8.8-55.8) days. Thirty-five patients (76.1%) were infected by
Serratia marcessens (Table 1). All patients had predisposing
risk factors for bacteremia, the most common being
malignancies (n=19), followed by cardiac diseases (n=16),
and diabetes mellitus (n=13) (Table 1).

Primary Hospital-acquired Bacteremia

Based on the inclusion criteria, 31 patients (67.4%)
acquired Serratia spp. bacteremia while hospitalized at 13
diverse clinical and ICU settings, with anesthesia ICU being
the most common (n=9), followed by cardio-vascular surgery
(ICU) (n=5). Time from admission to laboratory detection
of Serratia spp. ranged from 3 to 195 days (median 19;
IQR 6-53). Detection of Serratia spp. fell into diverse time
periods in all the 31 patients,with the shortest period being
one month apart, ruling out the possibility of an outbreak.
In this group the most common predisposing risk factors
for bacteremia were being malignancies (n=13), cardiac
diseases (n=12),and diabetes mellitus (n=9) (Table 1).

Bacteremia Acquired from Previous Healthcare Facilities

Within the first 48 hours of admission, blood cultures
of 15 patients (32.6%) grew Serratia spp., all of whom
had previous histories of healthcare: four patients had
been receiving hemodialysis, three had been receiving
chemotherapy, four had undergone major (n=2) or minor
(n=2) surgical interventions, two had undergone urological
interventions, one had been receiving homecare, and one
had a history of hospitalization at another center. Of note,
two patients also had a history of anesthesia with propofol
for minor surgical interventions. In addition, five patients
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had a previous history of antibiotic treatment in the past
month.

Antibiotic Treatment

A history of antibiotic treatment in the past month was
common (67.4%); 26 patients who acquired bacteremia in
hospital settings had also taken antibiotics. All but one
patient received empirical antibiotic therapy prior to or upon
detection of Serratia spp. The rate of prior antibiotic use
was significantly higher in patients with primary hospital-

acquired bacteremia (p<0.01),so was the rate of appropriate
empirical antibiotic use (p=0.01). Based on culture results
and susceptibility testing, antibiotic therapy was revised so
that 34 patients received appropriate antibiotic therapy.

Source of Bacteremia

The majority of cases (60.9%) were considered primary
bacteremia, the remaining cases had respiratory tract
infections (23.9%), urinary tract infections (6.5%) and
surgical site infections (8.7%) responsible for Serratia

Table 1. Demographic and clinical characteristics of patients with Serratia spp. bacteremia

ey e B?cteremfa associated
Total acquired bacteremia W't.h .Rrewous he.altlfcare p-value
(n=46) (n=31) facilities or applications
(n=15)
Age (years), mean = SD 60.7%17.6 60.3%16.1 61.6%£21.1 0.57
Male, n (%) 24 (52.2) 17 (54.8) 7 (46.7) 0.60
Comorbidities n (%) 43 (93.5) 30 (96.8.0) 13 (86.7) 0.24
Malignancies 19 (41.3) 13 (41.9) 6 (40.0) 0.90
Cardiac diseases 16 (34.8) 12 (38.7) 4(26.7) 0.42
Diabetes mellitus 13 (28.3) 9 (29.0) 4 (26.7) 0.87
Neurologic disorder 9 (19.6) 6 (19.4) 3 (20.0) 0.62
Chronic kidney disease 8 (17.4) 3(9.7) 5(33.3) 0.61
Chronic obstructive pulmonary disease 4 (8.7) 2 (6.5) 2 (13.3) 0.40
Source of bacteremia, n (%)
Primary bacteremia 28 (60.9) 16 (51.6) 12 (80) 0.06
Secondary to respiratory tract infections 11 (23.9) 11 (35.5) 0(0) 0.006
Secondary to urinary tract infections 3 (6.5) 1(3.2) 2 (13.3) 0.24
Secondary to surgical-site infections 4 (8.7) 3(9.7) 1(6.7) 0.61
Polymicrobial bacteremia, n (%) 21 (45.7) 16 (51.6) 5(33.3) 0.24
Sepsis 27 (58.7) 16 (51.6) 11 (73.3) 0.16
Monomicrobial bacteremia, n (%) 14 (51.9) 7 (43.8) 7 (63.6) 0.31
Polymicrobial bacteremia, n (%) 13 (48.1) 9 (56.2) 4 (36.4) 0.34
Hospital stay, median (IOR) 19.5 (8.8-55.8) 42 (18-82) 6 (2-12) 0.00
Time to positive cultures (days), median (IQR) NA 19.0 (6.0-53.0) NA NA
Antibiotic treatment
Antibiotic treatment in the past month, n (%) 31 (67.4) 26 (83.9) 5(33.3) 0.001
Appropriate empirical antibiotic therapy, n (%) 27 (58.7) 22 (71.0) 5(33.3) 0.01
Appropriate definitive antibiotic therapy, n (%) 34 (73.9) 23 (74.2) 11 (73.3) 0.61
Laboratory findings
Hypoalbuminemia, n (%) 30 (65.2) 21 (67.7) 9 (60.0) 0.61
Procalcitonin, median (IQR) 9.1 (2.0-31.7) 8.8 (2.8-14.8) 24.4 (1.9-65.0) 0.26
Leukocyte count (x1000/uL), median (IQR) 14.29 (7.14-21.60) 13.10 (5.76-20.07) 18.01 (9.24-26.25) 0.24
Serum CRP (mg/L), median (IQR) 107.0 (24.5-261.0) 126 (27-261) 87 (10-261) 0.31
30-day mortality after detection of positive cultures 14 (30.4) 9 (29.0) 5(33.3) 0.51
NA: Not applicable, CRP: C-reactive protein, IQR: Interquartile range, SD: Standard deviation
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spp. bacteremia. Nearly half of the patients (45.7) had
polymicrobial bacteremia, the great majority (76.2%) of
whom acquired the infection in hospital settings. The most
common coexisting bacterium was Enterococcus spp. (n=6),
followed by Pseudomonas spp. (n=5).

Bacterial Resistance

On susceptibility testing, the highest rates of resistance
were found to piperacillin/tazobactam (19.6%) and to
carbapenems (19.6%) (Table 2). Resistance to piperacillin/
tazobactam was significantly more common among patients
with bacteremia previously acquired from healthcare
facilities (p=0.02). Resistance to carbapenem among these
cases was also higher than expected (20%).

Hospital Outcomes

During hospitalization, sepsis developed in 27 patients
(58.7%).Within 30 days after laboratory detection of Serratia
spp., mortality occurred in 14 patients (30.4%), with three
patients dying within the first 24 hours of hospitalization.

Discussion

In our five-year review of Serratia spp., we identified 46
infected patients with primary hospital-acquired bacteremia
or bacteremia acquired from previous healthcare facilities,
all detected at diverse time points, highly excluding the
possibility of an outbreak. Importantly, nearly a third
of the cases (32.6%) were found to be associated with
previous healthcare. Consistent with the literature reports,
Serratia spp. bacteremia mostly developed in patients with
comorbidities, in particular with malignancies, and in those
having a previous history of antibiotic use (28,29,30).

Reports on Serratia spp. has been mainly concerned with
hospital outbreaks, with reports on individual occurrences
being rare (7,8,9,10,11,12,13,14,15,16,17,18). The outbreaks
were mainly associated with therapeutic administration
of contaminated magnesium sulphate (16), contaminated
prefilled saline and/or heparin syringes (31), administration
of propofol for anesthesia (11,12), use of contaminated

Table 2. Antimicrobial resistance profile of all Serratia spp. isolates

pressure monitoringequipment(17),and use of contaminated
epoetin alfa during hemodialysis (18).

Sunenshine et al. (16) documented a U.S. multistate
outbreak of healthcare-acquired bloodstream infections
in 18 patients from 5 states caused by S. marcescens
transmitted via a contaminated commercial magnesium
sulfate compound used for therapeutic purposes. During
investigations for outbreaks of bloodstream infections,
the authors emphasized the need to review the quality
standards and use of commercial parenteral medications,
such as magnesium sulfate, that are commonly used in
hospital settings. Another U.S. multistate report of S.
marcescens outbreak was concerned with bloodstream
infections detected in 162 patients in whom contaminated
prefilled saline and/or heparin syringes were used (31).
In addition, as another source, outbreaks of S. marcescens
emerged from inappropriate preparation, handling, storage,
and use of propofol (11,12,13). Following detection of
postoperative systemic inflammatory response syndrome in
seven patients,Klebsiella pneumoniae and S. marcescens grew
in cultures obtained from opened vials of propofol (12). The
authors addressed problems concerning aseptic preparation,
handling and storage of propofol that resulted in extrinsic
contamination, particularly the use of a single-use vial for
multiple patients. Another sepsis outbreak caused by S.
marcescens from contaminated propofol was reported in
three patients following chest surgery (11). These literature
reports on Serratia spp. outbreaks clearly demonstrate that,
whenever there has been a lapse or neglect in the sanitary
standards and therapeutic applications, development of
bacteremia is likely to be encountered in every setting of
clinical practice. Harnett et al. (17) found contamination
with S. liquefaciens in syringes and connector tubing of
intravascular line pressure monitoring equipment, leading
to positive blood cultures in 11 patients receiving adult
critical care. The authors implicated lapses in hand hygiene
during intravascular pressure monitoring. Finally, another
outbreak of S. liquefaciens emerged from multiple use of
preservative-free, single-use vials of epoetin alfa, where

. . Primary hospital- Bacteremia associated with
. . All Serratia spp. isolates . . . .
Antimicrobial agents acquired bacteremia previous healthcare facilities | p-value
(n=46) s .
(n=31) or applications (n=15)
Resistance rates, n (%)
Quinolones 8 (17.4) 4(12.9) 4(26.7) 0.23
Third-generation cephalosporins 8 (17.4) 3(9.7) 5(33.3) 0.06
Carbapenems 9 (19.6) 6 (19.4) 3 (20.0) 0.62
Piperacillin/tazobactam 9 (19.6) 3(9.7) 6 (40.0) 0.02
Trimethoprim/sulfamethoxazole 7 (15.2) 3(9.7) 4 (26.7) 0.14
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residual epoetin alfa was not discarded, but pooled and
reused again in hemodialysis patients (18). The authors
drew attention to the appropriate use of medication vials
so that they contain a sufficient amount of medication for
clinical need.

Despite a large number of hospital outbreaks reported
associated with contaminated use of hospital medications
and equipment, there has been a growing interest in
attributing a greater role to community- or other healthcare-
associated sources as the origin of Serratia spp. bacteremia.
Two population-based studies reported considerably high
rates of community-acquired or previously healthcare-
associated Serratia spp. bacteremia (24,25). A laboratory
surveillance study for Serratia spp. isolates in a large
Canadian cohort over a six-year period found that 65% of
incident Serratia spp. isolates were of community onset
(25). Another population-based study from Australia
over 10 years found that 29% of Serratia spp. bacteremia
episodes were purely community-associated and a further
18% of episodes originated from community, but were
in particular healthcare-associated (24). These findings
about the community and/or previous healthcare origin
of Serratia spp. bacteremia make our findings even more
important and relevant, because, after a meticulous inquiry
into the sources of cases, we found that 32.6% of our cases
contracted bacteremia from healthcare delivered previously.
This differentiation is particularly important in designing
antibiotic treatment for these cases,as demonstrated by the
significantly lower rate of appropriate empirical antibiotic
therapy, addressing the need for a more comprehensive
history taking about previous treatments and interventions
in this patient group.

Concerning the source of bacteremia, 60.9% of patients
had primary bacteremia, while 18 patients (39.1%) had
secondary bacteremia. In addition, nearly half of the
patients (45.7%) had polymicrobial bacteremia. The rates of
both secondary bacteremia and polymicrobial bacteremia
were higher in patients who acquired bacteremia at the
hospital settings (Table 1). The high rate of polymicrobial
bacteremia may be due to the presence of secondary
bacteremia and longer hospital stays that may predispose
patients to infections caused by other bacteria. Cultures of
patients with polymicrobial bacteremia showed no growth
of organisms suggestive of a possible contamination.

In our series, more than half of the patients (58.7%)
developed sepsis, and mortality occurred in 30.4%. The
rates of previously acquired Serratia spp. bacteremia from
healtcare facilities and overall mortality were considerably
higher compared to those reported in a similar study (for
bacteremia, 32.6% vs. 18.4%; for mortality 30.4% vs. 22.4%)
(32).

To our knowledge, there has been no report on
comparative frequencies of Serratia spp. resistance to
antibiotics in previously healthcare-associated and primarily
hospital-acquired bacteremia. Our findings showed similar
rates in the two bacteremia groups except for resistance
to piperacillin/tazobactam, which was significantly more
common (40% vs. 9.7%, p=0.02) among patients with
previously healthcare-acquired bacteremia. Interestingly,
resistance to carbapenem was even higher (20.0% vs. 19.4%)
in this patient group (Table 2). These differences may result
from the relatively small size of the two patient groups, the
presence of long-term use of healthcare applications,such as
hemodialysis (n=4) and chemotherapy (n=3) that may render
the patients susceptible to antibiotic resistance, and the
increased likelihood of lack or insufficiency of surveillance
on antibiotic use or resistance in these healthcare facilities.

Study Limitations

The main limitation of the study is its retrospective
design. The sample size is also smaller than other reported
serious. Another limitation may be that, had a more
comprehensive history concerning long-term previous use
of antibiotics been obtained, a more detailed analysis and
a more satisfactory explanation would have been possible
about the differences in the rates of antibiotic resistance
between the two groups.

Conclusion

The rate of bacteremia acquired previously from
healthcare facilities is alarmingly high among hospitalized
patients, which requires a meticulous inquiry into previous
histories of patients so that appropriate empirical antibiotic
therapy considering high rates of resistance can be
designed and initiated. Whether or not detected during an
outbreak, further comparative studies are required about
the actual prevalence of Serratia spp. bacteremia acquired
from community or from healthcare facilities other than the
primary hospital setting.
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