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EDITORIAL

Our dear readers,

We are proud to publish the second issue of our journal for 2022 with 16 original articles that we think that
we think will attract your attention. We increase the scientific quality of our journal day by day.Our goal is to
improve our publication quality day by day with the support of all our writers and readers and to appeal to
a wider readership. Principally, we want to contribute to international literature at an increasing level and to
increase the success bar of our journal by entering indexes such as PubMed, SCI and SCI-Expanded. I would
like to thank all authors for submitting articles contributing to both domestic and international literature
with their comprehensive scientific content for publication in our journal. I would also like to thank our
referees and editors who gave us their precious time. We hope that this issue will be useful to our readers.
All the best, see you again in our next issue.

Best regards,

Assoc. Prof. Kenan CADIRCI, MD
Editor
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ABSTRACT

Aim: The initiation of non-invasive mechanical ventilation (NIV) therapy, mask choice, device settings, and patient follow-
up are carried out jointly by physicians and nurses. The physician and the nurses should have knowledge and experience. A
checklist for the patient follow-up may increase identifying and preventing problems that may occur. Our study aims to share
our data and experiences by documenting the NIV implementation success of our pulmonary intensive care unit (PICU) as an
example of best practice.

Material and Method: Patients with respiratory failure who had an indication for NIV therapy between 01.01.2021 and
15.09.2021 were included in the study. Patient data were obtained retrospectively. With the NIV therapy application checklist,
what should be done in the preparations, initiation, and follow-up steps of the therapy are standardized. All checkpoints and
the outcome of the checklist were recorded routinely.

Results: One hundred one patients with the diagnosis of hypercapnic respiratory failure treated by NIV therapy in PICU were
included in the study. There was a significant difference between NIV compliant and NIV noncompliant patients in terms of
PaCO: in arterial blood gas analysis (p=0.009). PaCO: was significantly lower in patients who were noncompliant to treatment
than those who were compliant with treatment (p<0.05). In all of the patients who were noncompliant with NIV treatment,
the problem was detected, the training and the motivation were repeated, and the noncompliance was resolved in 52.6%. For
the non-compliant patients who were not resolved, the need for restriction (21.1%) and/or the need for sedation (21.1%) were
observed.

Conclusion: Structured checklist is useful in common problems in the implementation and follow-up of the NIV therapy.
Increased compliance with NIV therapy reduces the length of stay in the hospital and intensive care unit and decreases the
rates of mortality and morbidity.

Keywords: Noninvasive mechanical ventilation, pulmonary intensive care, respiratory failure

INTRODUCTION

Noninvasive mechanical ventilation (NIV) is a therapy
that provides positive pressure support through a mask
without the use of an endotracheal tube (1). The NIV
has been accepted as the first-line therapy in patients
with acute respiratory failure and acute exacerbation
of chronic obstructive respiratory disease (COPD) (2).
Compared with invasive mechanical ventilation (IMV),
NIV reduces the length of stay in hospital and intensive
care units, mortality, and morbidity of patients with acute
and chronic respiratory failure (3).

Corresponding Author: Murat Yildiz, drmuratyildiz85@gmail.com
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The most appropriate management of NIV can be
achieved if all team members are experienced and
trained. NIV practices are successfully implemented by
trained intensive care nurses under the management
and control of physicians. In many countries,
respiratory therapists are responsible for selecting
the appropriate mask, optimal mask placement on
the face, adjusting ventilator settings, and initiating
NIV (4). In our country, nurses in intensive care units
often replace the mask, start or pause the ventilator for
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inhalation treatments, nutritional support, removal
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Statistical Analysis

Data analyzes were performed using SPSS for Windows,
version 22.0 (SPSS Inc., Chicago, IL, United States).
Whether the distribution of continuous variables was
normal or not was determined by the Kolmogorov
Smirnov test. Levene’s test was used to evaluate the
homogeneity of variances. Unless otherwise stated,
continuous data were defined as mean+SD for normal
distributions and median (interquartile range: third
quartile - first quartile) for skewed distributions.
Categorical data were defined as the number of cases
(n, %). Statistical analysis differences in normally
distributed variables between two independent groups
were compared with Student’s t-test. The Mann-
Whitney U test was used to compare data that did not
show normal distribution. Categorical variables were
compared using the Pearson Chi-square test or the
Fisher exact test. A p-value of <0.05 was considered
significant in all statistical analyses.

RESULTS

The study comprised 101 patients with the diagnosis of
hypercapnic respiratory failure who were needed NIV
therapy in PICU between 01.01.2021 and 15.09.2021.
Patients were classified into two groups as compliant
with NIV therapy or not. The NIV mode selection and
adjusting parameters were personalized for each patient
by the chest physician. S/T mode was the most common
choice (93.1%) and the second was intelligent volume
assured pressure support (iVAPS (6.9%). The initiation
inspiratory positive airway pressure (IPAP) varied
between 16-26 cmH2O and, the expiratory positive
airway pressure (EPAP) varied between 6-8 cmH20,
and backup respiratory rates (RR) were adjusted to be
14 or 16 or 18. The NIV therapy periods were analyzed
and 88.1% of the patients were given NIV therapy 10-
12 hours/day, 7.9% were given 18-20 hours/day, and 4%
were given only for nighttime (Table 1). There was no
significant difference in terms of any variable affecting
compliance with the NIV therapy (p>0.05).

The analyzes of arterial blood gas (ABG) parameters
between the compliant and non-compliant groups
are shown in Table 2. These results were based on
the results of baseline ABGs. There was no significant
difference between the two groups in the ABG
parameters other than PaCO: (p>0.05). The PaCO:
levels were significantly lower in patients who were
in the non-compliant group (p<0.009). In addition,
if the patients’ consciousness was acceptable, NIV
training was given to all. The adherence to NIV therapy
was not significantly affected by the patients’ state of
consciousness, the status of training, and the status

128

Table 1. Comparison of the parameters between the compliant and
non-compliant groups

NIV NIV

NIV . compliant noncompliant sl {’
parameters (%) n (%) n (%) value
Equipment 0.569
Vision™ 7  85% 1 5.3% 8 7.9%
Resmed™ 68 82.9% 18 94.7% 86 85.1%
Weinmann™ 7 8.5% 0 0% 7  6.9%
Mode 0.342
ST 75 91.5% 19 100% 94 93.1%
iVAPS 7  85% 0 0% 7 6.9%
Period (hours/day) 0.194
10-12h 73 89% 16 84.2% 89 88.1%
18-20 h 7  85% 1 5.3% 8 7.9%
Full night 2 24% 2 10.5% 4 4.0%
IPAP (cmH20) 0.634
16 1 1.2% 0 0% 1 1.0%
18 3 3.7% 2 10.5% 5 5.0%
20 3 37% 1 5.3% 4 4.0%
22 23 28% 6 31.6% 29 28.7%
24 48 58.5% 9 474% 57 56.4%
26 4 49% 1 5.3% 5 5.0%
EPAP (cmH20) 0.315
6 4 49% 2 10.5% 6 5.9%
8 78 95.1% 17 89.5% 95 94.1%
Delta for Weinmann™ 0.999
4 2 28.6% 0 0% 2 25.0%
6 4 57.1% 1 100% 62.5%
8 1 14.3% 0 0% 1 12.5%
RR (per min.) 0.287
14 29 35.8% 5 26.3% 34 34%
16 51 63% 13 68.4% 64 64%
18 1 1.2% 1 5.3% 2 2%
Tidal Volume (mL) -
400 1 14.3% 0 0% 1 14.3%
500 5 71.4% 0 0% 71.4%
550 1 14.3% 0 0% 1 14.3%
Inspiration time (second) 0.724
1 7  8.6% 0 0% 7 7%
1.1 21 25.9% 6 31.6% 27 27%
1.2 40 49.4% 10 52.6% 50 50%
1.3 13 16% 3 15.8% 16 16%
Rise time (second) =
0.1 81 100% 19 100% 100 100%
Categorical variables were expressed as frequency (percentage). Variables were
compared using Pearson’s Chi-square test or Fisher exact test. Significant p-values
were shown in bold.

of verbal consent given before NIV therapy (p>0.05).
The blood pressure, pulse per minute, and respiratory
rates before NIV therapy were compared between the
two groups. There was no significant difference in terms
of any variable that affected the compliance of NIV
therapy (p>0.05). The median systolic blood pressure
was lower in noncompliant patients but this difference
was not statistically and clinically significant.

There was no significant difference in terms of any
variable affecting the NIV compliance (p>0.05) (Table
3). However, it was observed that mask leakage was
more common (10.5%) in those who were non-
compliant but the difference was not statistically
significant (p=0.236).
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Table 2. Baseline arterial blood gas parameters and baseline blood pressure, pulse per minute, and respiratory rates before the NIV therapy

were compared between the two groups

Baseline parameters NIV compliant NIV noncompliant Total p-value
pH 7.38 +0.07 7.40 +0.09 7.39 +0.07 0.308
PaO: 59 234 70 26.6 61 26.8 0.050
PaCO: 68.9 16.6 56.8 20 65.5 18 0.009
HCO3 38.61 +7.76 36.92 +8.54 38.27 +7.90 0.421
BE 11.8 8.2 12.1 9 11.8 8.1 0.539
Sa0:2 90.45 12.7 94 6.6 91.2 11.5 0.119
Systolic Blood Pressure 126.5 15 124 27 125 15 0.375
Diastolic Blood Pressure 67 11 64 10 65 10 0.153
Pulse per minute 81.5 12 80 9 81 9 0.698
Respiration Rate 20 2 20 2 20 2 0.856
SpO2 93 4 93 3 93 4 0.662
Continuous variables were expressed as either the mean + standard deviation (SD) or median (IQR). Continuous variables were compared with the Student t-test or Mann-Whitney
u test. Statistically significant p-values were in bold.

Table 3. After initiation of the NIV therapy, the monitored parameters which may cause premature discontinuation, compared between the

two groups
Interventions to provide sustainable NIV compliant NIV noncompliant Total
NIV therapy n (%) n (%) n (%) p value
o I Yes 82 100% 19 100% 101 100% -
motivation
Patient position Yes 82 100% 19 100% 101 100% =
Mask leakage 0.236
No 79 96.3% 17 89.5% 96 95%
Yes 3 3.7% 2 10.5% 5 5%
Pressure adjustments 0.282
Yes 45 54.9% 13 68.4% 58 57.4%
No 37 45.1% 6 31.6% 43 42.6%
Oxygen level adjustments ~ Yes 82 100% 19 100% 101 100% -
Alarm settings Yes 82 100% 19 100% 101 100% =
gziz%tr)lrgslld\fariables were expressed as either frequency (percentage). Variables were compared using Pearson’s chi-square test or Fisher exact test. Statistically significant p-values

The analyzes of vital parameters between the compliant
and non-compliant groups are shown in Table 4. There
was no significant difference in terms of any variable
affecting the NIV compliance (p>0.05).

Patients who needed a break from the NIV therapy
were classified for their reasons. These reasons were
secretion cleaning, the need for drinking water, and
the need for communication. These parameters were
compared between the two groups (Table 5). The need
for communication reasons was significantly frequent
in the non-compliant group (p<0.001). There was no
significant difference in terms of other parameters
(p>0.05).

After the second hour of the NIV therapy, ABG analysis
was performed and early complications of the NIV
therapy were questioned. Due to the success of agile
interventions, nurses and practitioners must be aware
of the early complications. Earl complications were
compared between the two groups in Table 6. There was

no significant difference in terms of early complications
between the groups (p>0.05). However, gastric
distension was common (10.5%) in non-compliant
patients but the difference was not significant.

The analyzes of arterial blood gas (ABG) parameters
compared between the compliant and non-compliant
groups are shown in Table 7. These results were based
on the results of the ABGs at end of the second hour.
There was no significant difference between the two
groups in terms of the ABG parameters (p>0.05).

The interventions for the patients who were non-
compliant with NIV were shown in Table 8. Allowing
the patient to talk freely, identifying the underlying
reason for non-compliance, repeating the training, and
repeating the motivation resolved the non-compliance
status in 52.6% of the patients. If non-compliance status
was continued, restriction of the patient (21.1%) and/or
sedation was performed (21.1%).
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Table 4. Monitored blood pressure, pulse per minute, respiratory rates, and pulse oximeter values while the recently started NIV therapy

were compared between the two groups

Vital parameters NIV compliant NIV noncompliant Total p-value
1st hour
Systolic Blood Pressure (mmHg) 123.77 +14.83 121.05 +21.08 123.26 +16.10 0.510
Diastolic Blood Pressure (mmHg) 67 11 65 11 66 11 0.121
Pulse per minute 84 86 10 84 0.311
Respiratory rate (min.) 20 20 2 20 0 0.050
SpO2 (%) 93 3 93 1 93 0.197
2nd hour
Systolic Blood Pressure (mmHg) 122.43 +14.49 120.63 +14.81 122.09 +14.50 0.629
Diastolic Blood Pressure (mmHg) 69.71 +8.89 67.11 +8.43 69.22 +8.82 0.249
Pulse per minute 84.5 8 85 9 85 8 0.708
Respiratory rate (min.) 20 2 22 2 20 2 0.096
SpO2 (%) 92 4 90 4 92 4 0.532
Continuous variables were expressed as either the mean + standard deviation (SD) or median (IQR). Continuous variables were compared with the Student t-test or Mann-Whitney
u test. Statistically significant p-values were in bold.

Table 5. Comparisons of the reasons for a break from the NIV

therapy were compared between the two groups

. NIV NIV Total
Monitoring  compliant noncompliant p
parameters value

n (% n (%) n (%)
Secretion cleaning 0.342

Yes 1 1.2% 1 5.3% 2 2%

No 81 98.8% 18 94.7% 99 98%

Need for drinking water 0.999

Yes 8 9.8% 1 5.3% 9 89%

No 74  90.2% 18 94.7% 92 91.1%

Need for communication <0.001

Yes 13 159% 11 57.9% 24 23.8%

No 69 84.1% 8 421% 77 76.2%
Categorical variables were expressed as either frequency (percentage). Variables were
compared using Pearson’s chi-square test or Fisher exact test. Statistically significant
p-values were in bold.

Table 6. Early complications after the second hour of the NIV

therapy were compared between the two groups

o NIV NIV poredl
Monitoring  compliant noncompliant p
parameters value

n (%) n (%) n (%)
Gastric distension 0.236
Yes 3 3.7% 2 10.5% 5 5%
No 79  963% 17 89.5% 96 95%
Nausea 0.188
Yes 0 0% 1 5.3% 1 1%
No 82 100% 18 94.7% 100 99%
Vomiting 0.188
Yes 0 0% 1 5.3% 1 1%
No 82 100% 18 94.7% 100 99%
ABG analyze at the end of the 2nd Hour -
Yes 82 100% 19 100% 101 100%
Categorical variables were expressed as either frequency (percentage). Variables were
compared using Pearson’s chi-square test or Fisher exact test. Statistically significant
p-values were in bold.

Table 7. The arterial blood gas parameters end of the second hour
of the NIV therapy were compared between the two groups

ABG NIV NIV P

. q Total
parameters compliant noncompliant value
pH 7.42 0.07 7.43 +0.08 7.42 +0.07 0.496
PaO:2 62.1 256 79 38.9 63 282 0.117
PaCO2 61 13.3 57 13 60.6 13.6 0.194
HCOs 38.41 +6.98 34.07 =£10.81 37.61 £7.94 0.119
BE 11.5 8.7 9.9 10.6 11.4 9.1 0.683
Sa02 92.2 8.9 96 11 92.7 9.9 0.157
Continuous variables were expressed as either the mean + standard deviation (SD) or
median (IQR). Continuous variables were compared with the Student t-test or Mann-
Whitney U test. Statistically significant p-values were in bold.

Table 8. The interventions for the patients who were non-

compliant with NIV therapy

Interventions for the patients who o
were non-compliant with NIV n (%)
Allowing the patient to talk freely

Succesful 19 100%
Identifying the underlying reason of non-compliance

Succesful 19 100%
Re-education

Succesful 19 100%
Re-motivation

Succesful 19 100%
Resolving the non-compliance status

Yes 10 2.6%

No 9 47.4%
Need of restriction of the patient

Yes 4 1.1%

No 15 8.9%
Need of sedation

Yes 4 1.1%

No 15 8.9%
Categorical variables were expressed as either frequency (percentage).
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DISCUSSION

The NIV therapy is frequently initiated and followed
by physicians and nurses in the hospitals of Turkey and
there is a similar situation in Europe (7). Some of the
studies emphasize that there is a lack of knowledge and
education. This is a fact that especially for the skills which
generally nurses are responsible for such as choosing the
appropriate NIV mask size and fitting it correctly. This
is probably due to the low level of participation in the
training sessions led by training nurses and practices on
low-quality simulators, insufficient observation of real-
life practices (6,8). Montravers et al. (9) surveyed 32
intensive care units all over France and found that only
39% of the nurses received NIV training and this training
was provided by physicians in 87% of them. The hospital
was provided practical NIV training only for a few hours.
The theoretical training will not substitute real practical
experience in fitting on the NIV mask to the patients or
monitoring the patient’s response to therapy. Nurses must
have trainers who are knowledgeable about choosing the
appropriate mask size, fitting the mask to the patient, and
trying to keep the mask in place throughout the therapy
(10). This potential issue has gained prominence with the
widespread use of NIV in general wards besides intensive
care units and intermediate intensive care units. As a
result, we've taken steps in our unit to ensure that NIV is
implemented correctly and that NIV failure is minimized.

Sorensen et al. (11) conducted a study in 2012 and they
showed that experienced intensive care unit nurses are
successful in ensuring patient adaptation to NIV, providing
effective ventilation, and approaching carefully patients’
perceptions of NIV. Thehealthcare professional who manages
NIV therapy must be experienced, skilled, and high level of
knowledge of the NIV therapy; this is the key component
of success in practice (8). NIV training programs should
include the sub-headings of the indications of NIV therapy,
correct and effective mask choosing and fitting, correct
use of ventilator equipment, adjusting ventilator settings,
general maintenance of the ventilator, and solving problems
in critical situations (12). Physicians should make decisions
on how much oxygen to give and how to modify ventilator
settings, and nurses should help set up the equipment. This
setup includes installing a bacterial filter on the outlet port
to reduce bacterial contamination, adjusting ventilator
parameters, and adding oxygen to the circuit if needed. The
nurses may consider using humidification as it can increase
patient comfort and compliance. When installing the NIV
therapy, the ventilator must be connected to the oxygen
source and the amount of oxygen delivered (FiO2) must
be monitored carefully. The nurses have to be aware of the
equipment being used, because some NIV delivery systems
have a built-in escape valve, and other systems may require
these valves to be fitted.

NIV therapy is provided via a face mask; however, patients
generally reported that they felt uncomfortable and
claustrophobic (13). Alternative forms of application such
as nasal mask, mouthpiece, and helmet mask can be used.
However, it is a fact that mask selection is limited by the
equipment available in the intensive care units or wards.
Mask compliance should be considered regardless of the
mask type chosen because mask compliance enhances
patient comfort and reduces complications such as skin
necrosis and pressure injuries (14). It was found that 9-22%
of patients could not tolerate NIV due to pain, discomfort,
claustrophobia, or agitation, and there was a lack of
awareness of this situation in chest wards other than ICUs
(15). This complication can also lead to disruption of NIV
therapy because the agitated patient removes the mask
or ties and increased leakage causes non-compliance.
Sedation is not routinely administered during NIV
because, as is well known, poor consciousness at the start
of NIV therapy is a relative contraindication. Despite this,
patients may not be able to tolerate the discomfort caused
by the mask, claustrophobia, and anxiety, and sedation
may be required (16).

In our PICU, the patient’s agitation and discomfort
are frequent due to advanced age and/or numerous
comorbidities. With the checklist, from the preparation
period until the end of the second hour, the implementation
of proper practices guaranteed and possible pitfalls that
may occur during NIV therapy detected earlier and timely
interventions were ensured. The non-compliant patients,
which constitute the largest group in NIV failure, were
identified and the communication with patients was
assured, the problem was determined and tried to solve, the
NIV therapy training and the motivation were repeated.
With these interventions, 53.3% of the non-compliant
patients’ (n=10) situations were resolved and NIV therapy
was performed successfully. If non-compliance was still
continued, restriction of the patient (n=4, 21.1%) and/or
sedation was performed (n=4, 21.1%). Although it may
be difficult for a patient with shortness of breath to voice
their concerns before NIV therapy begins, the nurse and
the physician should fully explain the therapy and address
the patient’s concerns.

Tully et al. (17) suggest that preparation of the NIV therapy
should include addressing face masks and mask-related
communication problems. In this study, the rate of the
patients who needed a break from the NIV therapy was
significantly higher in those who were non-compliant with
NIV therapy (p<0.05). In addition, this checklist increased
the efficiency and awareness of the nurse team, which has
a critical role in the initiation, implementation, and follow-
up of NIV therapy. Thus, the harmony of physicians and
nurses who implements NIV therapy has increased and
individual differences in practice have been minimized.
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CONCLUSION

In suitable conditions, it is a fact that morbidity and
mortality are significantly reduced by NIV therapy
instead of invasive mechanical ventilation. Identifying
frequent problems and taking measures will increase the
success in NIV therapy and will minimize the need for
an invasive mechanical ventilator. For this reason, we
conclude that the NIV team should provide the best care
to the patients by the selection of the right ventilators
and mode, choosing and fitting the right mask, and also
have to manage frequent complications, and monitoring
patients. For all these interventions to increase patient
compliance to NIV therapy, implementing a checklist will
provide reliable support to the NIV team and increase
NIV therapy success.
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ABSTRACT

Aim: Thyroid-associated orbitopathy (TAO) is the most common cause of proptosis in adults and the clinical picture is mostly
associated with thyroid dysfunction. MRI is frequently used because of its advantages, such as high soft tissue resolution,
multiple plane evaluation, and no risk of ionizing radiation exposure to the lens. The research aim was to present cases of
thyroid orbitopathy with MRI findings and to compare the findings with existing literature.

Material and Method: Patients who visited our radiology clinic with a preliminary diagnosis of TAO between April 2015 and
February 2021 and underwent orbital MRIs were included in the study. We evaluated parameters such as age, sex, presence of
proptosis, orbital muscle involvement, increase in orbital fatty tissue, and lacrimal gland involvement.

Results:A total of 35 patients were included in our study. The mean age was 40.6 (18-60) years, 19 (54%) patients were female,
and 16 (46%) were male. All patients were diagnosed with Graves’ disease, whereas no patient was diagnosed with Hashimoto’s
thyroiditis. The most common findings were proptosis in 33 (94%) patients, inferior rectus involvement in 27 (77%) patients,
and medial rectus muscle involvement in 25 (71%) patients. No significant correlation was found between the presence of uni/
bilateral involvement and TSH values (p = 0.008).

Conclusion: In conclusion, since the presence of orbital involvement is crucial for treating thyroid diseases, all orbital structures
involved should be reported by imaging. Orbital MRI is an effective imaging modality in the detection and differential diagnosis
of TAO.

Keywords: Thyroid, orbita, proptozis, magnetic resonance imaging

Our research’s data was presented as a poster presentation at the 42nd National Radiology Congress (TURKRAD-2021, Antalya, 26-31 October 2021).

INTRODUCTION

Thyroid-associated orbitopathy (TAO) is the most
common cause of proptosis in adults and the clinical
picture is mostly associated with thyroid dysfunction
(1-3). Besides proptosis, TAO is characterized by the
involvement of extraocular muscles and an increase
in orbital fat volume. While TAO is more common in
women, the prevalence of severe orbitopathy is higher
in men. The onset of TAO usually begins between the
ages of 30-50 years and is more severe in older ages.
It is the most common extrathyroidal involvement of
Graves disease. Orbitopathy develops in 25%-50%
of patients with Graves’ disease and a few (2%) with
Hashimotos thyroiditis. TAO may precede, occur
simultaneously, or follow the onset of abnormal thyroid
function (4-7).

Ultrasonography (US), magnetic resonance imaging
(MRI) and computed tomography (CT), can be used
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as imaging modalities. Although US does not involve
radiation exposure and provides a quick evaluation, not
all orbital structures are examined using US and it is
operator dependent. Whole orbital structures can be
visualized using CT and MRI. CT has high sensitivity
in revealing extraocular muscle enlargement; however,
ionizing radiation exposure is a major disadvantage
while performing CT. MRI is frequently used because
of its advantages, such as high soft tissue resolution,
multiple plane evaluation, and no risk of ionizing
radiation exposure to the lens (8-11). Proptosis,
muscle thickening, and increase in orbital fatty tissue
can be easily visualized via MRI. Additionally, MRI
is an essential imaging modality for the differential
diagnosis of diseases that can be confused with thyroid
orbitopathy (5-9). The research aim was to present
cases of thyroid orbitopathy with MRI findings and to
compare the findings with existing literature.
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MATERIAL AND METHOD

This research was designed as a retrospective study.
Patients who visited our radiology clinic with a
preliminary diagnosis of TAO between April 2015
and February 2021 and underwent orbital MRIs were
included in the study. The study was initiated with the
approval of Dicle University, Faculty of Medicine, Non-
Interventional Clinical Researches Ethics Committee,
(Date: 13.10.2021; Decision No: 423). All procedures were
performed adhered to the ethical rules and principles of
the Helsinki Declaration.

We evaluated parameters such as age, sex, TSh, ft3 and
Ft4 values at diagnosis presence of proptosis, orbital
muscle involvement, increase in orbital fatty tissue, and
lacrimal gland involvement. In cases with involvement,
localization of involvement, presence of uni/bilateral
involvement, and their relationship with thyroid-
stimulating hormone (TSH) levels were also evaluated.

Patients with a preliminary diagnosis of TAO but without
a pathological appearance on MRI, patients whose
imaging was not performed at our center, and patients
with an unconfirmed diagnosis of TAO were excluded
from the study.

MRI Protocol

Orbital MRI was performed with 1.5-T and 3.0-T
(Achieva; Philips Medical Systems, Best, Netherlands)
MRI devices using an 8-channel cranial coil, which is the
most suitable setup for evaluating orbitals. Images parallel
to the optic nerve (oblique axial) were taken covering the
entire orbital cavity. Coronal STIR, axial T2, axial T1-
SPIR, sagittal T1, and diffusion-weighted images were
obtained before contrast agent administration. During
the procedure, 0.1 mmol/kg intravenous paramagnetic
contrast agent was administered at a rate of 2 ml/sec
through the antecubital vein. After administering the
contrast agent, T1 fat-suppressed axial and coronal
images were obtained in the 3D turbo field echo (TFE)
sequence.

MRI Findings

Orbital MRIs were examined by two radiologists with
at least 5 years of experience. The examinations were
performed on Philips Extended Brilliance Workspace
(Philips Medical systems, Best, Netherlands) workstations.
The interzygomatic line was accepted as the reference
line for measuring proptosis. The interzygomatic line is a
line joining the anterior margins of the zygomatic bones.
The distance between this line and the posterior sclera is
normally 9.9+1.7 mm, and the decrease in this distance
supports the diagnosis of proptosis. Additionally, the
distance from the interzygomatic line to the anterior of
the eyeball should be <23 mm, and a greater distance
indicates proptosis (12,13) (Figure 1).
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Figure 1. Evaluation of proptosis (proptosis on the right, normal
appearance on the left)

While measuring orbital muscle thickness, muscle
structures were observed on axial and coronal images
and their average values were taken. The criteria for
orbital muscle thickening were determined based on
relevant literature (13-15). The criteria for normal
muscle thicknesses were accepted as follows: 4.8 mm for
the inferior rectus (3.2-6.5 mm), 4.2 mm for the medial
rectus (3.3-5 mm), 4.6 mm for the superior rectus (3.2-
6.1 mm), and 3.3 mm for the lateral rectus muscles (1.7-
4.8 mm) (Figure 2) (Table 1).
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Figure 2. Orbital muscle thickness measurements (a: superior and
inferior rectus muscle thickness measurements using coronal T2
image, b: lateral and medial rectus muscle thickness measurements
using axial T1 image)

Table 1. Orbital muscle thickness normal reference values and

orbital muscle thicknesses measured in cases with thyroid-
associated orbitopathy

Orbital muscle Normal reference
thicknesses in cases values of orbital
with involvement muscle thickness

Muscle Average Muscle Average

thicknesses 8¢ thicknesses (mm§
(mm) (mm)

Inferior rectus 6.6-9 7.3 3.2-6.5 4.8
Medial rectus 5.3-8.5 6.2 3.3-5 4.2
Superior rectus 6.2-8.2 6.7 3.2-6 4.6
Lateral rectus 5-7.8 6.3 1.7-4.8 33

Increased orbital fatty tissue intensity, increased lacrimal
gland size, and lacrimal gland herniation were also
accepted as positive findings (Figure 3).
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Figure 3. Increase in orbital fatty tissue (a) and left lacrimal gland
involvement (b)

The SPSS package program was used for the statistical
analysis of data. Standard deviation and mean values
were calculated for age, sex, TSH, Ft3, Ft4 values; the
presence of proptosis; orbital muscle, orbital fatty
tissue, and lacrimal gland involvement. The chi-
square test was used to investigate the relationship
between TSH values and the presence of uni/bilateral
involvement. Independent sample t-test was used for
pairwise comparisons of normally distributed data,
and Mann-Whitney U test was used for comparisons of
non-normally distributed data.

RESULTS

Thirty five patients were included in our study. The
mean age was 40.6 (18-60) years, 19 (54%) patients
were female, and 16 (46%) were male. All patients
were diagnosed with Graves disease, whereas no
patient was diagnosed with Hashimoto’s thyroiditis.
Contrast-enhanced orbital MRI was performed in all
patients. The most common findings were proptosis in
33 (94%) patients (bilateral in 30 patients, unilateral
in 3 patients), inferior rectus involvement in 27 (77%)
patients (23 bilateral, 4 unilateral), and medial rectus
muscle involvement in 25 (71%) patients (21 bilateral,
4 unilateral). Involvement of the superior rectus, lateral
rectus, and superior oblique muscles was detected in
8 (23%), 4 (12%), and 2 (6%) patients, respectively.
The findings showed unilateral involvement in 3 (9%)
patients (right in 2 patients [Figure 4] and left in 1
[Figure 5)], whereas the involvement was bilateral in 32
(91%) patients (Figure 6) (Table 2).

Figure 4. 60-year-old female patient (a: axial T2, b: coronal T1 fat
suppression with contrast, c: axial T1 fat-suppressed sequence with
contrast) with right proptosis and asymmetrical orbital muscle
thickness with increased enhancement in the lateral and medial
rectus muscles.
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Figure 5. 28-year-old male patient (a: axial T1, b: axial T2 sequence fat
suppression with contrast) with left proptosis, asymmetrical thickness
and increased enhancement in the lateral and medial rectus muscles.

Figure 6. 35-year-old male patient, (a: coronal T2, b: axial T2, c: axial T1
sequence with fat-suppressed contrast) with bilateral proptosis, bilateral
symmetric orbital muscle involvement and increase in periorbital fatty
tissue and heterogeneity.

Isolated superior, lateral, and oblique muscle involvement
was not observed in any patients, and all patients had
proptosis, accompanied by inferior and medial muscle
involvement. While isolated proptosis was detected in
6 (17%) patients, orbital muscle involvement without
accompanying proptosis was observed in only 2 (6%)
patients.

An increase in orbital fat tissue was observed in 12 (34%)
patients (bilateral in 9 patients, unilateral in 3 patients).
Lacrimal gland involvement was detected in 5 (14%)
patients (bilateral in 3, unilateral in 2) (Table 2).

Table 2. Demographic data and magnetic resonance imaging
findings

Age 40.6+6.4
TSH 4.1+£0.8
Ft3 22104
Ft4 3.4+ 0.6

n (number) % (percentage)
Sex
Female 19 54
Male 16 46
MRI FINDINGS
Proptosis 33 94
Inferior rectus involvement 27 77
Medial rectus involvement 25 71
Superior rectus involvement 8 23
Lateral rectus involvement 4 12
Superior oblique involvement 2 6
Orbital fatty tissue involvement 12 34
Lacrimal gland involvement 5 14
Bilateral involvement 32 91
Unilateral involvement 3 9
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In patients with TAO, the mean orbital muscle thickness
measured at the levels of the inferior, medial, superior,
and lateral rectus muscles was 7.3 mm (6.6-9 mm), 6.2
mm (5.3-8.5 mm), 6.7 mm (6.2-8.2 mm), and 6.3 mm
(5-7.8 mm) respectively (Table 1).

All patients with TAO received medical treatment.
Since post-treatment images of patients could not be
accessed, the findings before and after treatment were
not compared. TAO was detected in the first 5 years of
disease onset in 14 (40%) patients, from 5-10 years in 12
(34%) patients, from 10-15 years in 7 (20%) patients, and
at the time of initial diagnosis in two patients (6%).

DISCUSSION

In this research, orbital MRI examinations of patients
with TAO were evaluated and the most common
finding was proptosis (94%). Proptosis is a spontaneous
decompression resulting from the enlargement of the
extraocular muscles and connective tissue, as well as
the orbital tissue infiltration by orbital fat deposits,
glycosaminoglycans (GAG), and leukocytes. Proptosis
is bilateral in 90% of cases(6,14-16). Our findings were
consistent with the literature, where bilateral proptosis
was detected in 90% of cases and unilateral proptosis in
10% of cases examined.

Muscle enlargement occurs because of the separation
of muscle fibers by fluid and fat deposits, fibrosis, scar
formation, and leukocyte infiltration. Despite the
enlargement of the extraocular muscles, muscle fibers
are normal in TAO. Trunk involvement of muscles and
frequent preservation of insertions are key findings for
differential diagnosis and based on these characteristics,
TAO is differentiated from other diseases, such as orbital
pseudotumor, orbital arteriovenous malformation,
orbital sarcoidosis, lymphoma, and metastasis (6,7).

The inferior rectus muscle is the most frequently involved
extraocular muscle in patients with orbitopathy followed
by the medial and superior rectus muscles (16-18). In our
study, extraocular muscle involvement was detected in
83% of cases, and consistent with the literature, the inferior
rectus was most frequently involved. It was followed by
the medial, superior, lateral rectus, and superior oblique
muscles. None of the patients exhibited isolated superior,
lateral, and oblique muscle involvement. Orbital muscle
involvement without accompanying proptosis was
observed in only 2 (6%) patients.

TAO is 2.5-6 times more common in women and severe
orbitopathy is more common in men. The onset is
generally between the ages of 30 and 50 and is more severe
after the age of 50. Orbitopathy develops in 25%-50% of
patients with Graves™ disease and rarely (2%) in patients
with Hashimoto's thyroiditis. Severe orbitopathy is seen
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in 3%-5% of these cases (5,6). In our study, 55% of the
patients were female and the mean age was 40, which is
consistent with the literature. All patients were diagnosed
with Graves’ disease, whereas none were diagnosed with
Hashimoto's thyroiditis.

In most patients, orbitopathy develops within the first 18
months of diagnosis with Graves’ disease. Consequently,
TAO can develop anytime between 10 years before and
up to 20 years after the diagnosis of Graves’ disease (3).
Orbitopathy findings are mostly bilateral, but unilateral
or asymmetric findings have also been observed (11).
In the current study, TAO was most frequently detected
in the first 5 years of diagnosis with Graves” disease. We
observed bilateral involvementin 92% of patients, whereas
only 8% of patients exhibited a unilateral involvement.
In patients with TAO, lacrimal gland involvement has
been recognized as a potential cause of ophthalmopathy
symptoms, and different studies have shown significant
involvement of the lacrimal gland in patients with
TAO compared to healthy controls. In these patients,
decreased tear secretion and dry eyes can be observed
due to lacrimal gland involvement. Active and inactive
patients in terms of lacrimal gland involvement require
different treatment strategies. Therefore, the lacrimal
gland should be examined in imaging and its status
should be reported. Lacrimal gland involvement can be
observed as an increase in gland size or heterogeneity,
or as herniation in the lacrimal gland. A high degree of
proptosis, enlargement of retro-orbital structures, and
accumulation of TSH-receptors in the lacrimal glands can
be listed among the causes of lacrimal gland involvement
(17,18). Lacrimal gland involvement was detected in 14%
of patients in our study, and involvement was bilateral in
60% of these patients.

The relatively small number of patients and the lack
of patients with Hashimotos thyroiditis are the most
important limitations of the current study. Moreover,
patient findings before and after treatment could not be
compared due to the lack of post-treatment imaging.

CONCLUSION

Since the presence of orbital involvement is crucial for
treating thyroid diseases, all orbital structures involved
should be reported by imaging. Orbital MRI is an effective
imaging modality in the detection and differential
diagnosis of TAO.
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ABSTRACT

Aim: It has been indicated that COVID-19 is related to many endocrinological abnormalities. The aim of this study is to
demonstrate whether there is an impact of COVID-19 and COVID-19 vaccines on development of subacute thyroiditis (SAT).
Material and Method: This retrospective single-center study includes individuals with SAT who were diagnosed between
March 2020 and August 2021. Patients were evaluated for a recent Covid-19 history and SARS-CoV-2 vaccination. SAT
was diagnosed based on the clinical presentation and laboratory tests; including thyroid function tests, sedimentation rate,
C-reactive protein, and thyroid ultrasound. SARS-CoV-2 PCR results of patients with past COVID-19 were obtained from the
Ministry of Health electronic patient data system. Type, number, and dates of vaccine doses were recorded for each participant.
Results: A total of 31 patients were included in the study. Six patients (19.4%) were diagnosed with SAT following a COVID-19
vaccination schedule. Four patients with SAT had received two inactive (CoronaVac) + one dose of mRNA vaccines (Pfizer-
BioNTech). The other 2 patients had received either two doses of inactive vaccine or two doses of mRNA vaccine. Five patients
were diagnosed with SAT after the second dose of the vaccine. The median interval between last vaccination dose and diagnosis of
SAT was 25.8 days. In one patient, SAT developed 28 days after the mRNA vaccine. Seven patients (22.6%) were diagnosed with
SAT after COVID-19 disease. The median interval from the diagnosis of COVID-19 disease to SAT was 27.3 days. All cases of
post-COVID-19 and post-vaccination SAT patients exhibited similar clinical presentation and findings to idiopathic SAT.
Conclusion: Covid-19 itself and Covid-19 vaccines might let a tendency to development of subacute thyroiditis. This study
has to be supported by further studies.

Keywords: COVID-19, SARS-CoV-2, subacute thyroiditis, vaccination

INTRODUCTION

Since the report of the first case in China in December
2019, the SARS-CoV-2 pandemic has resulted in above 5
million loss of lives globally, as of January 2022. Although
death rates significantly decreased after the introduction
of the COVID-19 vaccines, the burden of the disease and
the disease related effects have remained to be a crucial
matter on human life. Although COVID-19 disease
is substantially diagnosed after respiratory system
symptoms and many deaths are associated with lung

diabetes mellitus has a dual role in COVID-19; it acts as
a risk factor for more severe COVID-19, and also occurs
de novo after or at the course of the COVID-19 disease.
However, thyroid manifestations of COVID-19 have
less frequent been described compared with diabetes
mellitus (1).

SARS-CoV-2 damages thyroid tissue via angiotensin
converting enzyme 2 (ACE2) and transmembrane

involvement, the disease has the potential to indicate a
multisystemic involvement. The clinical dimension of
extrapulmonary involvement is better understood day by
day. The heart, kidney, gastrointestinal system, liver, eye,
skin, and central nervous system can be involved at the
course of the disease (1). From a point of endocrinology,
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protein serin 2 (TMPRSS2) receptors which are abundant
in thyroid follicular cells (2). It has also been speculated
that the thyroid gland involvement by COVID-19 might
be due to its anatomical proximity to the entry sites of
the virus to the body. Whatever the mechanism, three
different thyroid manifestations were proposed to be
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related to COVID-19: destructive (inflammatory)
thyroiditis, subacute thyroiditis, and chronic lymphocytic
thyroiditis (3).

Subacute thyroiditis (SAT) is a self-limiting acute
inflammatory and granulomatous disorder of the thyroid
gland. Influenza virus, coxsackievirus, adenovirus,
HIV, mumps, measles, rubella, and cytomegalovirus
have been blamed for causing SAT via direct cytopathic
and/or indirect autoimmunity-triggering activity (4).
Furthermore, some case reports indicates development
of SAT after some kind of vaccines (5-8).

In regard of COVID-19, several SAT cases concomitantly
with COVID-19 or occurred shortly after COVID-19
were reported in the recent literature (9-12). SAT and
COVID-19 share many common symptoms and signs,
additionally, some other factors might impact the
patients’ admissions to hospital for health care during
pandemic and all those lead to underestimate diagnosing
COVID-19 related SAT rate. Self-limiting nature of the
SAT also causes in the missed cases.

Different types of vaccination have been approved by
the Food and Drug Administration of the United States
(FDA) and the European Medicines Agency (EMA) for
COVID-19. In Turkey, an inactive vaccine (CoronaVac,
Sinovac Biotech, China) and an mRNA-based vaccine
BNT162b2 (Pfizer-BioNTech, Pfizer, Inc., and BioNTech)
were authorized. Approximately 54% of the people have
been fully vaccinated in Turkey as of 10 October 2021
(12). There are limited number of report on SAT cases
occurred following COVID-19 vaccines (14-16).

Considering a large number of vaccinations throughout
the world (6.46 million doses in total as of 10 October
2021) is being performed, we think vaccine-related SAT
cases might have been underreported (17).

In this study, we aimed to reveal the association of
COVID-19 disease and COVID-19 vaccines with the
SAT development.

MATERIAL AND METHOD
Subjects and Study Design

In this retrospective single-center case-control study all
adult patients who were referred to our hospital between
March 2020 and August 2021 on suspicion of SAT from
primary care were evaluated. The study was carried
out with the permission of Medicana International
Ankara Hospital Ethics Committee (Date: 06.09.2021;
Decision No: BSH-28). The study was carried out in
accordance with the ethical rules and the principles of
the Declaration of Helsinki. No informed consent form
was obtained for since this is a retrospective study. The
hospital database system and endocrinology charts were

screened for detection of SAT cases. Exclusion criteria
comprised patients with a known thyroid disorder and
patients receiving thyroid drugs. We also excluded SAT
patients if they had missing data.

Data Collection

All patients with suspicion of SAT were evaluated
regarding prior thyroid disease, presence of neck pain
and thyrotoxicosis symptoms. Physical examination
signs; thyroid tenderness, volume, and texture, data
about lymph nodes in anterior and posterior cervical
areas were noted. Laboratory evaluation included
complete blood count, erythrocyte sedimentation rate,
C-reactive protein level, thyroid-stimulating hormone
(TSH), free thyroxine (T4), and free triiodothyronine
(T3) concentrations. All patients had underwent thyroid
and neck ultrasound (US) imaging. Thenafter they were
evaluated regarding their COVID-19 vaccination status
and whether they had past or ongoing COVID. The
vaccinated individuals were investigated for the type of
the vaccine, the number of vaccine applications, and the
last vaccination date were recorded. If the patient had
COVID-19 disease, we obtained information regarding
of the date of infection, need for hospital or intensive care
unit admission, method of how COVID-19 diagnosis
was made, and treatments received.

Diagnosis of SAT

Subacute thyroiditis was diagnosed based on the typical
clinical presentation of the disease and laboratory
evaluation of thyroid hormone status. In a patient, the
diagnosis was established on his complains including
pain in the anterior neck that radiates to the jaw and/
or ear, along with fatigue, malaise, fever, thyrotoxicosis
symptoms, and on laboratory test result which indicated
an overt thyrotoxicosis status. A tender and enlarged
thyroid without any accompanying cervical adenopathy
also supported the diagnosis of SAT. All patients
underwent thyroid US. A heterogeneous hypoechoic
pattern along with decreased vascularization is the
expected US finding in patients with SAT as seen in
our cases. Thyroid autoantibodies were investigated in
a few patients. We did not perform thyroid scintigraphy
or radioactive iodine uptake test in patients who had a
typical clinical presentation for SAT. None of the included
patients underwent percutaneous fine-needle aspiration
of the thyroid gland.

Statistical Analysis

The Kolmogorov Smirnow test and a histogram
evaluation test was used to confirm the normality of
the continuous variables. Continuous variables were
expressed as meantstandard deviation or median
(interquartile range) depending on the distribution of the
variable. Categorical variables were reported as numbers
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and percentages. Based on the results of the normality
test, the Mann-Whitney U test or independent samples
t-test was used for the comparison of numeric variables.
Analysis of categorical variables was performed with
the Chi-squared test and Fisher’s Exact Test. Statistical
analyses were performed using SPSS (IBM Corp.
Released 2012. IBM SPSS Statistics for Windows, Version
21.0. Armonk, NY: IBM Corp.). p<0.05 was accepted
statistically significant with a 95% CI.

RESULTS

A total of 31 patients were evaluated in the study. The
mean age was 42.6£8.9 years (min max: 26-61 years),
and the majority (87.1%) of the participants were
female. Mean age, sex distribution, laboratory findings,
treatments and vaccination status of the patients were
given in Tables 1-3. 13 of 31 cases of SAT (~%42)
diagnosed in our hospital were related to COVID-19
disease or COVID-19 vaccination.

Table 1. Mean age, sex distribution, and laboratory findings of the subacute thyroiditis (SAT) patients.

Table 2. Post-COVID-19 and post-vaccination SAT and

administered treatments.

Patients (n=31)

Post-vaccination subacute thyroiditis n(%) 6 (19.4%)
Post-COVID-19 subacute thyroiditis n(%) 7 (22.6%)
Recurrent subacute thyroiditis n(%) 6 (19.4%)
Treatments for subacute thyroiditis

None 4 (12.9%)
NSAID 11 (35.5%)
Glucocorticoids 15 (48.4%)
NSAID + Glucocorticoids 1(3.2%)

NSAID: Nonsteroidal anti-inflammatory drug

Table 3. COVID-19 vaccination status of all SAT patients

Vaccines (n=31)
1stdose 27ddose 34 dose
Inactivated SARS-CoV-2 vaccine 8 (25.8%) 7 (22.6%) -
mRNA SARS-CoV-2 vaccine 19 (61.3%) 17 (54.8%) 5 (16.1%)
None 4(12.9%) 7(22.6%) 26 (83.9%)

Patients
Parameters . - 5 i i -value
Toal@=3) P At )y F
Age (years) 42.6+£8.9 45.0+11.0 40.8+6.8 0.196"
Sex (N)
Female 27 (87.1%) 11 (84.6%) 16 (88.9%) >0.999¢

Male 4 (12.9%) 2 (15.4%) 2 (11.1%)
TSH (uI[U/mL) 0.72 (0.002-5.17) 1.39 (0.002-5.17) 0.55 (0.002-5.03) 0.303™
Free T4 (ng/dL) 1.05 (0.95-1.62) 1.05 (0.97-1.2) 1.04 (0.93-1.74) 0.814™
Free T3 (pg/mL) 3.74+1.12 3.39+0.73 3.9+1.24 0.294°
CRP (mg/dL) (normal range; 0-0.5 mg/dl) 1.64 (0.02-14.62) 1.21 (0.17-14,29) 2.05 (0.07-5.7) 0.968™

CRP in male 3.43 (0.02-14.29) 7.97 (1.64-14.29) 2.62 (0.02-5.22)

CRP in female 1.53 (0.2-12.54) 0.97 (0.17-9.41) 2.05 (0.02-12.54)
Sedimentation rate (mm/hour) 31.67+21.7 23.5+£14.10 37.9+24.70 0.0721

Sedimentation in male (0-22) 23.25+15.84 25.5(9.19) 21 (3-39)

Sedimentation in female (0-29) 32.96+22.42 23.18 (15.13) 40.13+24.58
Positive Anti-TPO (n, %) 3(9.7%) 0 3 (16.7%) 0.245°
Positive Anti-TG (n, %) 6 (19.4%) 1(7.7%) 5(27.8%) 0.359¢
Thyroglobulin (ng/mL) 51.6 (29.2-288.7) 79.9 (27.2-79.9) 51.6 (31.2-445) 0.844™
25(OH) Vitamin D (ng/mL) 27.9 (15.8-47.5) 32.5 (19.3-52.5) 24.9 (14.5-42.8) 0.413"
Red blood cells (million/mm?) 4.57 (4.35-4.72) 4.59 (4.51-4.66) 4.54 (4.21-4.72) 0.429™
Hemoglobin (g/dL) 13£1.2 13.1+1.3 12.9+1.2 0.672"
Hematocrit (%) 39+3.4 39.5+£3.11 38.6£3.7 0.5137
MCV (fL) 85.5+5.2 85.5+4.97 85.6+5.54 0.972F
MCH (pg) 28.5+2.2 28.3+2.21 28.6+£2.29 0.759"
MCHC (g/dL) 33.2+1.1 32.9+1.36 33.4+0.78 0.2241
Red cell distribution (%) 13.0£1.5 12.8+1.49 13.2+1.52 0.488"
White blood cell count (x10*/mm?) 8.57 (7.71-9.83) 8.85 (8.41-10.5) 8.18 (7.68-9.42) 0.170™
Neutrophil count (x10°/mm?) 5.28 (4.7-5.99) 5.4 (4.03-6.28) 5.28 (4.85-5.68) 0.877™
Lymphocyte count (x10%/mm3) 2.62 (1.96-3.26) 2.88 (2.06-3.54) 2.3 (1.95-3.14) 0.241™
Monocyte count (x10*/mm?) 0.63+£0.23 0.71+£0.27 0.58+1.86 0.118"
Eosinophil count (x10°/mm?) 0.17+£0.13 0.17+£0.97 0.16+0.14 0.903"
Basophil count (x10*/mm?) 0.08 (0.05-0.09) 0.08 (0.06-0.09) 0.07 (0.05-0.09) 0.309™
Platelet count (x10*/mm?) 276 (257-304) 268 (235-302) 280 (265-304) 0.564™
PDW (%) 17.6 (16.9-18.2) 16.8 (16.4-16.8) 17.6 (16.9-18.5) 0.131™
PCT % 0.21 (0.17-0.24) 0.2 (0.16-0.22) 0.21 (0.2-0.24) 0.182™

'Fisher's Exact Test. "Mann-Whitney U test, 'Independent Samples t-test, P-values belong to comparison of variables between post-COVID-19 and post-vaccination. Not-normally
distributed variables were presented as median (minimum-maximum) and normally distributed variables were presented as mean:+standard deviation and n (%). Anti-TPO: Anti-
thyroid peroxidase, Anti-TG: Anti-thyroglobulin, MCH: Mean Corpuscular Hemoglobin, MCHC: mean corpuscular hemoglobin concentration, MCV: Mean corpuscular volume,
MPV: Mean Platelet Volume, PDW: Platelet Distribution Width, PCT: Plateletcrit, SAT: subacute thyroiditis TSH: Thyroid-stimulating hormone.
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COVID-19 Characteristics

COVID-19 diagnosis was established on positive naso-
oropharyngeal swab test for SARS-CoV2 polymerase
chain reaction. None of the patients required intensive
care unit hospitalization for COVID-19. All of the
patients with COVID-19 had been diagnosed before
the initiation of COVID-19 vaccination programs. Six
patients (19.4%) were exhibited the symptoms suggestive
of subacute thyroiditis after the COVID-19 vaccination.
Clinical and laborotary features of SAT cases regarding
their vaccination and thyroid hormone status are given
in Table 4. The median duration of the presentation
with symptoms of SAT since vaccination was 25.8 days
(min. 16 days, max. 35 days). In only one patient, SAT
was diagnosed 28 days after the first dose of the mRNA
vaccine. In patients with post-vaccination SAT, 2 patients
experienced a recurrent bout of SAT. Both episodes
occurred after the third dose of the vaccination (after the
mRNA vaccine dose).

Sedimentation rates and C-reactive protein levels were
above normal laboratory ranges as expected in SAT
patients. In idiopathic SAT cases sedimentation rates was
tend to be higher compared to the COVID-19 disease or
vaccine-related cases (the difference was at the limit of
statistical significance), p=0.055.

Seven patients (22.6%) were diagnosed with SAT
following COVID-19 disease (Table 5). The median
duration from COVID-19 to subacute thyroiditis
symptoms was 27.3 days (minimum 7 days and
maximum 45 days). All patients except one had two
doses of mRNA vaccine. However, in patients with post-
COVID-19 SAT, 2 patients experienced a recurrent SAT
episode before vaccination. Individuals with number
4, 2, and 1 were treated with glucocorticoids, NSAID,
and a combination of glucocorticoids and NSAID,
respectively (Table 5).

Table 4. Patients with post-vaccination SAT

A Signs and symptoms at Ihyr(.nd COVID-19 Duration to presentation Suba; ute
ge  Sex function B : N thyroiditis Recurrence
SAT onset Vaccinations following vaccination
tests treatments

. . . TSH: 2.13, 16 days after 274 dose, 7 .
Patient1 27 F  Anterior neck pain, fever FT4: 1.05 C+C+PB days after 3+ dose Steroid Once

. Anterior neck pain, tender TSH: 1.39, 30 days after 27 dose, 7
LI EE 3 thyroid enlargement FT4:0.96 CHEHAS days after 3¢ dose I Onez
Patient3 61 By Lo el pa, ! < ook C+C+PB 28 days after 224 dose Steroid None

palpitation FT4:3.03

. Anterior neck pain, TSH: 3.47, - .
Patient4 61 F fatigue FT4: 092 C+C+PB 35 days after 27¢ dose Steroid None

] Anterior neck pain, pain TSH: 5.17, nd .
Patient5 27 F  ith movement FT4: 1.19 C+C 20 days after 274 dose Steroid None

. Anterior neck pain, tender TSH: 2.23, s
Patient6 45 F thyroid enlargement FT4 1.03 PB+PB 28 days after 1t dose NSAID None
F: female, M: male, NSAID: Nonsteroidal anti-inflammatory drugs, SAT: subcute thyroiditis. Laboratory reference ranges for thyroid function tests; TSH: 0.27-4.2 uIU/mL, fT4: 0.7-
1.5 ng/dL. C: CoronaVac (inactivated SARS-CoV-2 vaccine), PB: Pfizer-BioNTech (mRNA SARS-CoV-2 vaccine)

Table 5. Patients with post-COVID-19 SAT

c Thyroid ; ] Subacute
Signs and symptoms at 3 COVID-19  Time to presentation o
L SAT onset i Vaccinations since COVID-19 L
tests treatments
. Anterior neck pain, tender TSH: 2.69, .
Patient1 50 F thyroid enlargement FT4:09 PB + PB 28 days Steroids 1
. Anterior neck pain, TSH: 0.2, NSAID +
e B tachicardy FT4:1.20 o Sl Steroids 2
. Anterior neck pain, fever TSH: 0.08, .
Patient3 50 F palpitation FT4: 104 PB + PB 7 days Steroids None
. Anterior neck pain, tender TSH: 0.18,
it oA il thyroid enlargement, fatigue ~ FT4: 0.97 RERREE 22ty IS et
. . 7 ] TSH: 0.72, .
Patient5 44 F  Anterior neck pain, fatigue FT4: 1.0 PB + PB 26 days Steroids None
. Anterior neck pain, tender TSH: 0.02,
Patient6 40 F thyroid enlargement FT4 1.70 PB + PB 33 days NSAID None
. Anterior neck pain, pain TSH: 1.87, .
Patient7 52 F  ith neck movement T4:1.16 @ 45 days Steroids None

F: female, M: male, NSAID: Nonsteroidal anti-inflammatory drugs, SAT: subcute thyroiditis. Laboratory reference ranges for thyroid function tests; TSH: 0.27-4.2 uIU/mL, fT4: 0.7-
1.5 ng/dL. C: CoronaVac (inactivated SARS-CoV-2 vaccine), PB: Pfizer-BioNTech (mRNA SARS-CoV-2 vaccine)
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Thyroid Evaluation

All referred patients had a typical clinical view of SAT.
Neck pain, thyroid tenderness, and painful enlargement
in the thyroid gland were present in all SAT patients.
The clinical presentation of SAT in patients following
COVID-19 disease or COVID-19 vaccination was not
different from those of idiopathic SAT patients. Thyroid
US combined with Doppler US demonstrated an enlarged
thyroid gland with heterogeneous parenchyma along
with hypoechoic areas and diminished vascularization
in the gland in cases with SAT. In post-vaccination SAT
groups, one patient (patient no 3) had suppressed serum
TSH value. One patient (patient no 5) had subclinical
hypothyroidism while other patients were euthyroid.
Four patient with post-vaccination SAT were treated with
glucocorticoids, while in 2 patients, NSAID sufficed.

In patients with SAT following COVID-19 disease,
only one patient (patient no 6) had overt biochemical
thyrotoxicosis, whereas the other 3 patients (patient no 2,
3,and 4) had subclinical hyperthyroidism. The remaining
three patients were biochemically euthyroid.

Comparison of Post-COVID-19 and Post-Vaccination
SAT with Idiopathic SAT

Mean age and gender distribution were comparable
in COVID-19 and vaccine related SAT patients and
idiopathic ones. In the similar vein, thyroid function
tests, inflammatory markers and blood counts were not
different, either. Table 1 depicts the laboratory features of
the both groups.

DISCUSSION

This is one of the largest study conducted to date reporting
post COVID-19 disease, and COVID-19 vaccination-
related SAT cases. SAT is probably a common, and
missdiagnosed endocrinological abnormality during
COVID-19 management (due to shared symptoms of
COVID-19 disease). SAT incidence might be higher
than usual during COVID-19 pandemic since its natural
etiology substantially lies on virutic origin. Here, we
demonstrate that the probability of as high as a %42
incidence of SAT following a COVID-19 disease or
COVID-19 vaccination.

Early reports indicating a link between COVID-19
disease and endocrinological abnormalities were
emphasizing to the hyperglycemia and diabetes mellitus
and their adverse outcome in COVID-19 disease (18).
Kumar et al. (19) reported endocrine abnormalities
COVID-19 in patients with a focus on thyroid and
adrenal function. After the report of the first case of SAT
related to COVID-19 by Brancatella et al. (20), several
similar reports further appeared in the literature (21).
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Most of these reports involved single case reports with
a few case series not exceeding 6 patients at most (22-
24). Muller et al. (25) than announced that incidence of
atypical thyroiditis in a high dependency unit went up
from 0.5% in 2019 to 10% in 2020 when admission ratio
to hospital was raised due to COVID-19.

It should be taken into account that these case reports
might have suffered from the positive case selection bias.
In addition, it was not still clear whether COVID-19
actually increased the frequency of COVID-19 cases in
a given population. The attempt to answer this question
came with two studies; Trimboli and colleagues (26)
retrospectively evaluated SAT cases who were diagnosed
during a 10-month period in an Italian-speaking region
of Switzerland. The authors determined 10 SAT cases
during the specified time period. Interestingly none
of the cases were deemed to be related to COVID-19.
However, not all patients with SAT were evaluated by
PCR or serologic tests for the presence of COVID-19. In
four patients, PCR tests from nasopharyngeal swabs were
found to be negative. In another study, Pirola et al. (27)
evaluated SAT cases retrospectively in a region that was
heavily affected by COVID-19 in Italy. The researchers
detected 10 cases of SAT. Of these, only one patient had
a recent history of COVID-19. The authors, moreover,
reported that the frequency of SAT cases did not show
a significant increase after the advent of COVID-19 in
their region compared with records of the previous
years. However, once again, the study was retrospective
in nature, and COVID-19 PCR and/or immunologic
status of the patients were not reported. In contrast to
the aforementioned studies, all of the SAT patients whom
we deemed related to COVID-19 had PCR proof of the
SARS-CoV-2 infection.

Another issue complicating the association between
COVID-19 and subacute thyroiditis is the lack of direct
evidence, i.e., demonstration viral tissue PCR or other
infection markers in thyroid epithelial cells. Evidence
regarding the direct involvement of SARS-CoV-2 in
extrapulmonary tissues has been shown in human gut
enterocytes (28), myocardial cells (29), and kidneys (30),
among others. Poma and colleagues (31), in their autopsy
study, evaluated thyroid tissues of 25 patients who were
died of COVID-19. The authors could demonstrate the
SARS-CoV-2 genome and antigens in 36% of the studied
thyroid specimens. These patients were not specifically
selected because of a clinical thyroid dysfunction related to
COVID-19. Thelatter observation is pathophysiologically
plausible considering the increased expression of ACE2
receptors, which is the main way of entry of SARS-CoV-2
into thyroid follicular epithelial cells (32,33). Though we
did not evaluate tissue biopsies indicating viral genome
in thyroid tissue, as far as we know, none of the reported
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cases in the literature reported direct evidence of SARS-
CoV-2 invasion of thyroid tissue.

In our case series, as was in the literature, there was a
clear-cut latent period between the COVID-19 related
symptoms and the onset of SAT-related symptoms.
Anterior neck pain was the invariable symptom of the
SAT patients in our series. Thus, this distinctive symptom,
along with a thyroid that was tender to palpation, makes
it easier to discern the onset of SAT. Thus, it is reasonable
to think that autoimmune phenomena triggered by
SARS-CoV-2 rather than direct viral cytopathic effect
might be chiefly responsible for the development of SAT
after COVID-19. Interestingly, in 2 of our SAT patients,
SAT symptoms recurred after complete resolution with
appropriate treatment. Repeated SARS-CoV-2 PCR tests
proved to be negative in these patients, and both patients
responded favorably to the repeat of their previous
treatments.

In Turkey, at the beginning of the pandemic, initially, an
inactive SARS-CoV-2 vaccine was available. Soon, an
mRNA-based SARS-CoV-2 vaccine was also available for
use. As of the time of the preparation of this manuscript,
54% of the Turkish population has been fully vaccinated
(13). Vaccination (influenza and H1N1) related SAT had
been previously reported (34,35). As expected from a
global mass vaccination program against a respiratory
pathogen, cases of SAT coincided after SARS-CoV-2
vaccination have been reported. The SAT cases were
described for mRNA-based, adenovirus-vectored, and
inactive SARS-CoV-2 vaccines (15, 36). However, we
should emphasize the fact that the number of reported
SAT cases due to SARS-CoV-2 vaccination is much fewer
compared to COVID-19 related cases. Here, we report
the largest-to-date case series of patients who developed
SAT after vaccination for COVID-19. All but one of our
patients developed SAT after the administration of an
inactive SARS-CoV-2 vaccine. The median latent period
between the vaccination and onset of SAT symptoms
was 25.8 days. In mRNA and adenovirus-vector-based
vaccine administrations, this latent period was reported
to be between 2-3 weeks. However, in a report from
Turkey, SAT symptoms developed 2 and 4 days after the
administration of an inactive SARS-CoV-2 vaccine (14).
Both in the cases reported in the literature and our own
cases, the presentation, and findings of the cases with SAT
were not different from those of idiopathic cases. All of
the cases responded favorably to the standard treatment
regiment for SAT. It has been speculated that the vaccine-
related SAT cases may be a product of ASIA syndrome
in which adjuvants used to enhance the immunogenicity
of the vaccines may lead to unintentional activation of
the immune syndrome resulting in thyroid inflammation
(37).

Inflamation related markers such as sedimentation and
C-reactive protein (CRP) is a nonspecific indicator of
the SAT. In our cohort CRP and sedimentation levels
were above references ranges as expected. However, in
postCOVID-19 or COVID-19 vaccine-related groups
CRP levels was similar. On the other hand sedimentation
rate was highet at a border of statistical significance. This
is maybe due to etiological and pathogenetic variations;
such as faster recovery from COVID related disease or
low activity of COVID vaccines. SAT is perhaps clinically
more silent, in COVID-19-related conditions compared
to idiopathic or the disease originated other than
COVID-19-related conditions.

Several limitations of the current work deserve
mentioned further. Although the largest of its kind,
this was a single-center study with a limited number of
patients. As mentioned earlier, we did not have direct
tissue evidence of thyroid invasion of the virus. However,
if this association were a result of the autoimmune
phenomenon, as was the case in (autoimmune/
inflammatory syndrome induced by adjuvants) ASIA
syndrome, looking for the viral genome would be a futile
effort at the local level. Since patients first presented
their general practitioners and then referred when it was
suspected the patients might have SAT, not all patients
presented us at the same stage of their disease. This fact
was also reflected by the various test results of the thyroid
function and inflammatory markers. In addition, we did
not have thyroid autoantibodies in all patients.

Limitations of the study: Viral causes like mumps
virus, coxsackie virus, adenovirus, Ebstein-Barr virus,
influenzae and cytomegalovirus are accounted for
common environmental factors of subacute thyroiditis
(38). In our study we did not do the assays for the
mentioned viral infections since the main infectious
cause in the pandemic was COVID-19.

CONCLUSION

Our present study is one of the largest study in similar
studies conducted to date. We also reported both
COVID-19 related, and the SARS-CoV-2 vaccination-
related SAT cases together in addition to the data of
idiopathic SAT cases. Our results, although lacking
direct tissue evidence thereof, showed a possible
association of COVID-19 and SAT development. We also
reported 6 cases who developed SAT after inactive and
mRNA-based SARS-CoV-2 vaccines. In our study, all
COVID-19 patients had PCR evidence of the infection.
In this regard, caring physicians should be aware of the
possibility of the interaction between SARS-CoV-2 and
the thyroid gland in the form of SAT. We still do not have
enough data if SAT occurs concurrently and among the
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cloud of symptoms of COVID-19 infection. At least the
presence of anterior neck pain and an enlarged tender
thyroid gland should direct the physician to investigate
the possibility of SAT in a COVID-19 patient.
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ABSTRACT

Aim: Infective endocarditis (IE), infection of the endocardial surface of heart, may cause mortality up to 30% despite
advancements in medical care. Epidemiology of IE and profile of causative organism has changed in the last years. We aimed
to investigate the changing profile of IE over a 31-year period in a tertiary care hospital

Material and Method: Medical records of 290 patients treated with the diagnosis of IE between 1974 and 2005 were re-
evaluated according to Modified Duke criteria. Forty seven cases were classified as rejected cases.

Results: Of the 243 patients 109 was female (44.8%) and 134 male (55.2%). The mean age of the patients was 38+16.4 years
(Table). The mean age of the patients showed an increasing trend throughout the time (p< 0.001) ; it was 29 years between 1974-
1980 but increased to 54 years in 2001-2005 period. Rheumatic valvular disease (RVD) was the most frequent underlying heart
disease (60%) but showed a declining trend especially in the last years. S. aureus was the most common pathogen in all the time
periods (15.2%). Blood cultures were negative in 90 (43%) patients. But the percentage of blood culture negativitiy decreased
significantly from 63% in 1981-1985 periods to 28% in 2001-2005 period. (p: 002). Mitral valve was the most common affected
valve (52, 44%). Surgery was performed in 74 of the 243 cases (30.5%). In-hospital mortality rate was 30.6. Mortality rate was
significantly lower in patients who underwent surgery compared to ones who did not (19.2% vs. 35.8%, p< 0.005). Mortality
rate was also lower in patients with community acquired infection compared to ones with nosocomial infection (27% vs 45%).
Embolic events, nosocomial infections and surgery were independent risk factors for mortality.

Conclusion: The mean age of IE population is increasing, RVD disesase is less commonly seen as an underlying heart and
S. aureus is the most common pathogen. These findings are compatible with the reports from developed countries. Surgery
displays a protective effect on the prognosis of IE

Keywords: Infective endocarditis, mortality, epidemiology

INTRODUCTION

Infective endocarditis (IE) is an infectious disease that
affects the endocardial surface of the heart. Native or

commonly affected; the percentage of younger individuals
affected by IE is higher in developing countries or in low
socioeconomic groups. Intravenous drug use in young

prosthetic valves and also implanted intracardiac devices
may be involved (1). Annual incidence of IE approaches
10/100,000 of the general population where mortality
risk may reach 30% despite the advancements in medical
care (2,3).

Epidemiology of the disease has changed in the last years.
Rheumatic valvular disease is currently less common in
developed countries but is still an important predisposing
factor in developing countries. On the other hand
prosthetic valves and intracardiac devices constitute
major risk factors for IE in developed countries. In
industrialized countries older individuals are more

Corresponding Author: Ali Erkan Duman, dralierkanduman@hotmail.com

EY MG HD

individuals is also an increasing risk factor (1,4).

Staphylococcus aureus has become more prominent
among causative microorganisms, accounting for up
to %30 percent of cases (1). This may be due to the fact
that most cases of IE are hospital acquired or health care
related (5). Due to the decreased incidence of rheumatic
heart disesase, incidence of viridians group streptococci
causing subacute IE has also decreased. Growing
incidence of enterococcal IE is also seen worldwide (2).

In this study we aimed to investigate the changing
profile of IE during 31-year time course in a tertiary care
hospital.
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MATERIAL AND METHOD

The study was a thesis study. It was completed with the
approval of Academic Board of Deparment of Internal
Medicine, Hacettepe University (Date: 2014, Decision No:
87). This study was a retrospective thesis study for Internal
Medicine residency graduation which was approved
by Department of Internal Medicine of Hacettepe
University in 05.05.2006. All procedures were performed
in accordance with the ethical rules and principles of the
Helsinki Declaration.

Study Population

Medical records of patients treated in Hacettepe University
Hospital with the diagnosis of IE between January 1974
and June 2005 were retrospectively examined.

Data collected were as follows: age, sex, signs, duration
of hospitalization, comorbidities, source of infection,
haemoglobin level, white-blood cell counts (WBC),
erythrocyte sedimentation rate (ESR), C-reactive protein,
rheumatoid factor, presence of; any murmurs, petechiae,
splinter haemorrhage, conjuctival haemorrhage, Janeway
lesions, splenomegaly, Roth spots, Osler’s nodes, clubbing,
neurological signs, embolic phenomenia, transthoracic
echocardiography  (TTE) and  transoesophageal
echocardiography (TEE) findings, blood culture results,
history of prior antibiotic treatments, medical or surgical
treatment and mortality.

Cases were re-evaluated according to modified Duke
Criteria.

Statistical Analysis

SPSS software version 10.0 was used for statistical analysis.
Data were presented as meantstandard deviation for
continous variables. For categorical variables frequencies
were calculated. Chi-square test (x2) was performed for
comparing qualitative variables. Mann-Whitney U test
was used to establish the relationship between mean age
and mortality. Spearman Correlation test was applied for
demonstrating the relationship between age and mortality.
For time trends, linear ratios were analyzed by x linear
trend test (x2LT).

RESULTS

Two hundred and ninety cases treated between January
1974 and June 2005 with IE diagnosis was identified during
the search. When these cases were re-evaluated using
modified Duke Criteria: 145(50%) cases were classified as
definite endocarditis, and 98(33%) cases were as possible
endocarditis. Forty-seven cases (16.2%) were rejected as
they did not fulfil the criteria.

Of the 243 patients 109 were female (44.8%) and 134
male (55.2%). The mean age of the patients was 38+16.4
years (Table 1). The mean age of the patients showed an

increasing trend throughout the time (p< 0.001); it was
29 years between 1974- 1980 but increased to 54 years in
2001-2005 period (Figure 1).

Table 1. Baseline caharacteristics of patients with infective
endocarditis

Age, mean+SD 38+16
Gender; Female/Male n (%) ( 41 f gggg)
Predisposing factors n (%)
Rheumatic valvular disease 124 (60)
Prosthetic valve 51 (21)
Congenital heart disease 14 (5.7)
Sclerotic aortic disease 9 (3.6)
Previous IE 2(0.8)
Cardiac pacemaker 2(0.8)
Intravenous drug abuse 1(0.4)
Laboratory findings
Haemoglobin (g/dl), mean 10.3+ 1.86
White blood cells (/mm?), mean 12.1+2.45
Erythrocyte sedimentation rate (mm/hour), mean 71+27.8
Rheumatoid factor positivity, % 37
Clinical findings n (%)
Fever 219 (90)
Murmurs 218 (89)
Splenomegaly 108 (44)
Petechiae 23 (9.4)
Splinter hemorrhage 22(9)
Clubbing 14 (5.7)
Roth’s spots 8(3.2)
Osler nodes 7 (2.9)
Janeway lesions 4(1.6)
Embolic event 89 (36)
Involved valve n (%)
Mitral valve 52 (44)
Aortic valve 36 (40)
Mitral + aortic valve 11 (9.6)
Prosthetic valve 16 (13.5)
Pulmonary valve 1(0.9)
Tricuspid valve 2(1.7)
Causative microoarganism n (%)
S. aureus 37 (15.2)
S. viridans 25 (10.3)
S. epidermidis 16 (6.6)
E. faecalis 18 (7.4)
Brucella 13 (5.3)
P, aeruginosa 7 (2.9)
S. haemolyticus 4(1.6)
Prior antibiotic use, n (%) 120 (49)
Nosocomial infection, n (%) 45 (18.5)
Surgical treatment, n (%) 74 (30)
Mortality, n (%) 71 (29)
60 54
M 50 Pt
a 40 - 36 3
" %0 | p <0.001
a
g 20
e
10
0 ; . . . . ‘
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Figure 1. Mean age of patients in consecutive time periods

Underlying Heart Disease

In 207 cases (85%) at least one underlying heart disease
was identified; rheumatic valvular disease (RVD)was the
most frequent underlying heart disease (60%) followed
by prosthetic valve(21%). Underlying heart diseases are
shown in Table 1. While rheumatic valvular disease seems
the most frequent underlying heart disease, substantial
changes have occured throughout the time; a decrease has
been observed in the frequency of RVD. In the 2001-2005
periods prosthetic valves have become more frequent than
RVD. In this last period no structural heart disease has
been identified in 40% of the cases (Figure 2).
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Figure 2. Distribution of underlying heart diseases in consecutive
time periods

Causative Microorganisms

Blood cultures were positive in 138/243 (57%) of patients
with diagnosis definite or possible IE. The most common
pathogen was S. aureus in 37 patients (15.2%), followed
by S. viridans in 25 patients (10.3%), E. faecalis in 18
patients (7.4%) and Brucellain 13 patients (5.3%) (Table
1). In all time periods S. aureus was more common than
S. viridans except for the 1986-1990 period (Figure 3).
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Figure 3. Comparison of incidences of S. aureus and S. viridans in
consecutive time periods

Blood cultures were negative 90 patients (43%). The
percentage of culture negative cases decreased throughout
the time, from 63% in 1981-1985 period to 28% in 2001-
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2005 period (Figure 4). The decrease was statistically
significant (x2LT= 3.26, p=0.002).
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Figure 4. Percentage of blood culture negativity in consecutive time
periods

Echocardiographic Findings

From 1990 all cases were evaluated by transthoracic
echocardiography (TTE). Transoesophageal
echocardiography (TE) was available since 1995. Since
then TEE was performed in 56 /110 (50%) of cases.
Echocardiographic findings compatible with modified
Duke criteria was found in 118 patients of the 243
patients (48%) clasified as IE. TEE detected vegetations
in 24(20%) cases which could not be detected by TTE.
Vegetations were most commonly seen on mitral valve
in 52(44%) patients followed by aortic valve in 36(30%)
patients (Table 1).

Complications

Complications were present in 111of the 243 cases
(Table 2). The most frequent complication was embolic
events (96, 39.5%). Heart failure was the second most
frequent complication (16, 6%). Cerebral embolism was
the most common embolic events occurring in 65 cases
(26.7%). Spleen (13 cases, 5.3%), extremities (10 cases,
4.1%) and lungs (3 cases, 1.2%) were also affected by
embolic events.

Surgery

Surgery was performed in 74 of the 243 cases (30.5%)
diagnosed with IE. Surgery was indicated most
commonly for heart failure (21.6%) followed by embolic
events (18.9%), valve dysfunction (17.6%), prosthetic
valve failure (14.9%). Indications for surgery are given in
detail in Table 2.

Mortality

In-hospital mortality rate was 30.6%. Major causes of
death were as follows: sudden death (14 cases, 19.7%),
cerebral embolism (13 cases, 18.3%), cardiogenic shock
(9 cases, 12.6%), pulmonary embolism (2 cases, 2.8%).
A marked decrease in mortality has been observed over
the time. Mortality rate decreased from 47.5 % in the
1974-1980 periods to 22.7 % in 1996-2000 periods. But
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in 2001-2005 period there was an unexpected increase in
the mortality rate (Figure 5).

Table 2. Complications of infective endocarditis and indications

for surgery

Complication n, (%)
Embolic event 93 (38.3)
Congestive heart failure 13 (5.3)
Embolic event +congestive heart failure 3(1.2)
Chordae tendineae rupture 2(0.8)

Indications for surgery n, (%)
Congestive heart failure 16 (21.6)
Embolic events 14 (18.9)
Valve dysfunction 13 (17.6)
Prosthetic valve failure 11 (14.9)
Mobile vegetation > 10 mm 6(8.1)
Congenital heart defect 4 (5.4)
Perivalvular abscess 2 (2.7)
Brucella endocarditis 1(1.4)
Uncontrolled infection 1(1.4)
Prosthetic valve failure + perivalvular abscess 1(1.4)
Candida endocarditis 1(1.4)
Valvular obstruction 1(1.4)
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Figure 5. Mortality trend in consecutive time periods

1996-2000  2001-2005

Mean age of patients who died were higher compared to
the surviving patients (42.44+16.70 vs. 37.79 +£16.15, p<
0.005)

Mortality rate was significantly lower in patients who
underwent surgery compared to ones who did not
(19.2% vs. 35.8%, p< 0.005). Mortality rate was also
significantly lower in patients with community acquired
infection compared to ones with nosocomial infection
(27% vs 45%,p< 0.005). Mortality rate was higher but not
significant in patients >60 years compared to patients <
60years (38.9% vs 29.3%, p=0.078).

Mutivariate analysis (Table 3) showed that embolic
events (OR=3.304, 95% CI: 1.703-5.404, p =0.047)
nosomial infection (OR=2.24, 95% CI: 1.140-4.396,
p=0.019) and surgery (OR=0.425, 95% CI: 0.218-0827,
p=0.012) were independent risk factor for mortality, but
not S. aureus (OR=3.304, 95% CI:0.499-1.856, p =0.901)

or blood culture positivity (OR=1.7,95% CI: 0.655-3.054,
p =0.071).

Table 3. Multivariate analysis of factors predicting in-hospital

mortality of patients with infected endocarditis

Odds’ratio 95%CI p-value
Embolic events 3.034 1.703-5.404 0.047
Nosocomial infection 2.24 1.140-4.396 0.019
Surgery 0.425 0.218-0.827 0.012
S. aureus 0.962 0.499-1.856 0.901
Blood culture positivity 1.7 0.655-3.054 0.071
DISCUSSION

The features of IE over a 31-year period in a tertiary care
hospital are analyzed in this retrospective study. The
mean age was 38+16.4 years in this period but showed
an increasing trend throughout the time. In 2001-2005
period mean age increased to about 54 years. The mean
age was found to be 45 in a study from our country
which included 2002- 2004 period (6). In a recent
study of IE from our country median age was 58 (7).
The increase in age is considered to be associated with
the decrease in rheumatic heart diseases and increase
in degenerative heart diseases (5). In our series RVD
was the leading predisposing factor until 2000, but a
striking decrease in the incidence of RVD was observed
in 2001-2005 period which is in concordance with the
literature (1,4). Interestingly in the last period most
of IE cases occurred in patients with no underlying
structural heart disease. In this period the mean age
of the patients increased to about 54 years. We may
postulate that the individuals in this group may have
more chronic illnesses necessitating more medical
interventions predisposing them to IE.

S. aureus was the most common isolated microorganism
in IE cases. It was followed by viridians group
streptococci. Our results are in concordance with a
pooled analysis of 1270 IE cases in Turkey (8) and a
consensus report on IE (9). S. aureus is also the most
common pathogen in Western countries and United
States of America (2,5). In the study by Correa et al.
(10), which included the period between 1970 and
2006, a similar period to our study, viridians group
streptococci was more common than S. aureus except
for the 2001-2006 period. The decrease in the incidence
of viridians group streptococci was suggested to be
associated with significant decrease in the proportion
of rheumatic heart disease as a result of successful
treatment of streptococcal pharyngitis. But unlike their
findings S. aureus was more common than viridians
group streptococciin all periods in our study, except for
the 1986-1990 periods.
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Overall, blood cultures were negative in 43.2% of cases.

Although we observed a significant decrease in culture
negative cases throughout the time; in 2001-2005
period culture period cases consisted 28% percent of all
the cases, the number is still high. Recent European and
American studies report rates ranging between 5%-20%
(11,12).In our study group 58% of blood culture negative
cases had a history of antibiotic use in two weeks time
prior to diagnosis which may explain such high rate. In
the above mentioned pool analysis of IE cases in Turkey;,
incidence of negative blood culture was 31.1 % (8). In
two studies conducted at tertiary care hospitals from
Turkey culture negative cases were reported at similar
high rates 48% (4,7). Authors explain this undesired
high rate as a consequence of being a referral hospital
where patients have a history of antibiotic use prior to
referral.

Surgery was performed in 30.5% of the cases,
comparable to the rate reported (36.9%) in a study from
Portugal (13). In that study main indication for surgery
was heart failure similar to our study. Higher surgery
rate (69.7%) was reported in a study from our country
which is explained as a possible result of selection bias
by the author (7).

Embolic events were the most frequent complication
identified in our study. Most emboli were seen in the
brain. Mostaghim et al. (2) also reported a similar finding.
They have two explanations for this finding. First one
is ordering more brain imaging as result of increased
awareness of physicians for the neurologic symptoms.
Second one is the upward direction of the branches of
aorta supplying the brain which makes it easier for
embolism .

In-hospital mortality rate found in our study (30.6%)
was within the limits reported in the literature (2,3).
Over the 31-year period a substantial decrease was
observed in mortality rate in our patients except 2001-
2005 periods where mortality rate increased to 42%.
This unexpected increase may be explained by the fact
that the patients in this period were older; older age
is associated with more chronic medical conditions
making individuals more vulnerable.

Surgical therapy in IE was reported to be lower
mortality rates in the literature (13,14). We found
a significant lower mortality rate in patients who
underwent surgery.

This study is not without limitations. Retrospective
nature of this study is the major limitation. The high rate
of culture negative cases may have precluded us detecting
the real incidence of microorganisms, especially viridians
group streptococci. As the study is conducted at a tertiary
care hospital, it will not be proper to generalize the results
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to the whole population. But 31-year study period in our
study gives a good perspective to observe the changes
occurred in the profile of IE.

CONCLUSION

We studied the changing profile of IE over a 31-year
period in a tertiary care hospital. We found out that the
mean age of patients with IE has dramatically increased
evidently increased and that the incidence or RVD has
decreased. The rate of culture negative cases has also
decreased. Embolic events and nocomial infections
were independent predictors of mortality. But it was
encouraging to see the improvement in survival rates
throughout the time; surgery was associated with
improved survival rates.
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ABSTRACT

Aim: Staphylococcus aureus is the most clinically important bacterium among Staphylococci, colonizing 15-36% of the
entire population. Biofilm formation is an important virulence factor of S. aureus. Treatment of biofilm-associated S. aureus
infections is difficult. This study aimed to investigate the effects of glucose, sucrose, and sodium chloride (NaCl) addition to
seven different media on biofilm formation capacity of methicillin resistant S. aureus (MRSA) strains.

Material and Method: Biochemical and molecular methods (spa, nuc, coa, and mecA PCR) were used to identify S. aureus
strains. Cefoxitin resistance was determined by the agar disc diffusion method. Biofilm formation of the strains was investigated
in 7 different media (Tryptone soya broth (TSB), TSB+1% sucrose, TSB+1% glucose, TSB+4% NaCl, Brain Heart Infusion
broth (BHI), BHI+1% glucose, and BHI+4% NaCl) using the microplate test. The growth of strains in 7 different media was
determined at 600 nm, and then 96-well microplates were stained with crystal violet and their biofilm formation abilities were
determined by measuring absorbance values at 590 nm.

Results: In this study, 53 strains containing spa, nuc, coa, and mecA genes were identified as MRSA with resistance to cefoxitin.
When biofilm formation was examined in seven different media using the microplate test, the biofilm formation ability of
MRSA strains increased significantly with glucose and sucrose addition to TSB and BHI (P<0.05), while the addition of 4%
NaCl decreased the biofilm formation (P<0.05). When the media were compared, it was determined that BHI increased
bacterial growth and biofilm formation compared to TSB.

Conclusion: It was concluded that the biofilm formation abilities of MRSA strains increased especially in the presence of
glucose. The results showed that biofilm production capacity is affected by environmental factors, especially nutrient content
in used media.

Keywords: MRSA, biofilm, microplate test

INTRODUCTION

Staphylococcus aureus, one of the most clinically
important species among Staphylococci, is a commensal
bacterium that colonizes 15-36% of the entire

urinary tract infections, bacteremia, and sepsis (2-4).
The mortality rate is quite high in invasive S. aureus
infections. On the other hand, due to the resistance

population (1). S. aureus may cause severe diseases such
as wound infections, toxic shock syndrome, scalded skin
syndrome, skin abscesses, deep tissue abscesses, styes,
impetigo, pneumonia, emesis, meningitis, pericarditis,
endocarditis, sinusitis, cellulitis, osteomyelitis, diarrhea,
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of MRSA strains to other antibiotics, the treatment
of infections caused by multidrug-resistant S. aureus
strains may be difficult, and the length of hospital stay
may be prolonged (5).
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Biofilm forming ability is an important virulence factor
of S. aureus. Biofilm is characterized as a collection
of surface-associated microbial cells (6-7). S. aureus
is accepted as one of the most important causes of
biofilm-related infections (8). S. aureus adheres to
material surfaces by using its rolling motion and
sticky extensions, thus it constantly attaches to the
surfaces, causing micro aggregation to form, resulting
in a biofilm layer (9). S. aureus strains from different
sources have been shown to produce biofilms (10).
When S. aureus biofilm-related infections occur, it is
very difficult to treat and eradicate with antibiotics and
other disinfectants (11). Studies have reported that
MRSA strains also form strong biofilms (12-13).

Nutrient-rich Brain Heart Infusion broth (BHI) and
Tryptone soya broth (TSB), which is less nutrient-rich
compared to BHI, are frequently used in in vitrobiofilm
studies (14). Previous studies have shown that the choice
of medium strongly affects the biofilm development of
S. aureus (15,16). It is known that substances such as
glucose, sucrose, and NaCl at different concentrations
added to the nutrient media have a significant effect on
the biofilm production capacity (17).

In this study, the bacterial stocks that have been
previously isolated from blood culture samples were
used as the materials. The effects of glucose, sucrose,
and NaCl addition to TSB and BHI media on biofilm
formation of identified MRSA strains were investigated
quantitatively.

MATERIAL AND METHOD

Within the scope of the study, clinical bacteria (n:100)
grown on blood agar medium from blood culture
samples studied in the Clinical Microbiology Laboratory
of Ege University Medical Faculty Hospital were used
as the materials. The clinical bacterial stocks (n:100)
containing 40% glycerol have been previously stored at
-80°C. Ethics committee approval is not required as the
study was conducted on the stock bacteria. Any clinical
specimen were not used in this study. All procedures
were performed in accordance with the ethical rules
and principles of the Helsinki Declaration.

Identification of Bacteria

Bacterial stocks were cultivated on Mannitol Salt
Agar (CM0085 Oxoid, UK) and grown bacteria were
subcultured to obtain pure colonies in the same
medium. Gram staining, microscopy, and catalase test
using 3% (v/v) hydrogen peroxide were applied for
the biochemical identification of the bacteria. Gram-
positive, cocci-shaped, and catalase-positive bacteria,
which were determined as Staphylococci, were included
in the study. Then, Staphylococci were grown in TSB

(CM0129, Oxoid), followed by DNA isolation using
lysostaphin (L7386, Sigma, Germany) and proteinase
K (P2308, Sigma) (18). Molecular identification of the
isolates was performed by Polymerase Chain Reaction
(PCR) using primers specific to the spa gene (19)
encoding surface A protein, the nuc gene responsible
for thermonuclease activity (20), the coa gene (21)
responsible for coagulase activity, and mecA (22)
genes responsible for methicillin resistance. The agar
disc diffusion method was used to determine the
methicillin resistance of the strains and the disc zone
diameters of cefoxitin (30 pg) were measured and
evaluated according to the CLSI 2020 standards (23).
The reference strains S. aureus ATCC 25923 and MRSA
ATCC 43300 were used as the positive control strains
for antibiotic susceptibility and PCR experiments.

Biofilm Test

The microplate method was used to determine the
ability of bacteria to form biofilms in different media
(24). For this purpose, TSB, TSB containing 1%
(w/v) sucrose, TSB containing 1% (w/v) glucose, TSB
containing 4% (w/v) NaCl and BHI (CM1135, Oxoid),
BHI containing 1% (w/v) glucose and BHI containing
4% (w/v) NaCl were used as test media. Bacterial
strains were grown overnight on Tryptone Soya
Agar (TSA, CMO0131, Oxoid) at 37 °C and then their
concentration was adjusted to McFarland0.5 using a
densitometer (Den-1B, Biosan, Latvia) in 10 ml of 0.9%
(w/v) NaCl. After that, 180 pl of each medium and 20 pl
of bacterial suspension in McFarland 0.5 turbidity were
inoculated in triplicate wells in a 96-well flat-bottom
sterile microplate (3599 Corning Costar, USA). The
microplates were incubated at 37 °C for 24 hours and
then, bacterial growth was measured using a microplate
reader (Epoch, BioTek, the USA) at 600 nm. After that,
the microplates were emptied and washed 3 times with
sterile 0.9% NacCl to remove bacteria that did not attach
to the surface and did not form biofilm. The bacteria
attached to the surface were fixed with 200 pl methanol
for 15 minutes. The methanol in the microplates was
removed by decanting. The microplates were then
dried at 55 °C for 1 hour. The attached bacteria were
stained with crystal violet (1159400 Merck, Germany)
for 5 minutes to visualize biofilm formation, and excess
dye was removed by washing the microplates with
tap water. For quantification of the biofilm formation
of bacteria on the surface, the microplates were dried
at 55 °C for 1 h and 200 pl of 33% (v/v) acetic acid
(Merck) was added to each well. The dye was completely
dissolved in a microplate mixer (Vortex 4 digital, Ika,
Germany) at 500 rpm for 5 minutes. The absorbance
values of the microplates were measured at 590 nm
using a microplate reader (Epoch, BioTek, USA). S.
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epidermidis YT-169a strain, which produced biofilm
in microplate tests, was used as a positive control strain
(25).

Statistics

Mean, standard deviation, minimum and maximum
values, frequency, and descriptive statistics were used
for the data analysis. In addition, the Kruskal-Wallis test,
which is a nonparametric test, was used to determine
whether there was a statistically significant relationship
between different media and glucose, sucrose and NaCl
added to the media on the biofilm formation of isolated
MRSA strains. Another nonparametric test, the Mann-
Whitney test, was used to determine the significant
relationship between different media and additives to
these media. For all these tests, p<0.05 was considered
statistically significant. These tests were performed in
IBM SPSS statistical program version 22.0 for Windows
(2020).

RESULTS

Within the scope of the study, a total of 53/100 strains
were identified as Staphylococci by biochemical
tests, including spa, nuc and coa genes by molecular
identification. The strains (n:53) were mecA gene
positive and resistant to cefoxitin by agar disc diffusion
method. When the growth of 53 MRSA strains in seven
different media was examined with measurements
performed at 600 nm. It was determined that MRSA
strains developed better in BHI medium and BHI
medium to which NaCl was added, compared to only
TSB and TSB medium containing sucrose or glucose,
and their OD 600 nm values were higher (Figure 1).
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Figure 1. Growth of MRSA strains after 1ncubat10n at 37 °C for
24 hours in seven different media. S. epidermidis YT-169a is
indicated as the biofilm positive control strain and the bacteria-
free medium as the negative control.

The biofilm formation abilities of the bacteria were
determined using the microplate test. In general,
higher adhesion and biofilm formation were detected
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in BHI medium containing 1% glucose (Figure 2).
In the evaluation made based on the strains, it was
determined that MRSA 38 strain showed the highest
biofilm formation in BHI containing 4% NaCl.

As a result of the nonparametric Kruskal-Wallis and
Mann-Whitney statistical tests based on the microplate
test results at 590 nm, no significant relationship was
found between TSB and BHI, in terms of biofilm
formation (P>0.05). Only 1% sucrose and 1% glucose
supplementation to TSB medium were found to be
significantly associated with the biofilm formation
(P<0.05), and 1% sucrose and 1% glucose added to TSB
medium were found to increase the biofilm formation,
compared to TSB alone (Figure 2). Compared to TSB,
4% NaCl added to TSB medium was also found to be
significantly associated with the biofilm formation
(P<0.05), and 4% NaCl added to TSB medium was
found to reduce the biofilm formation. While there
was no significant relationship between 1% sucrose
and 1% glucose added to TSB medium on the biofilm
formation (P>0.05), they were found to be significantly
different with 4% NaCl (P<0.05) (Figure 3).
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Figure 2. Determination of biofilm formation abilities of

MRSA strains in seven different media by the microplate test. S.
epidermidis YT-169a is indicated as a biofilm positive control strain
and a bacteria-free medium as a negative control.

It was also found that 1% glucose added to BHI medium
was significantly associated with the biofilm formation
compared to BHI alone (P<0.05), and 1% glucose added
to BHI medium was found to increase the biofilm
formation. According to BHI, 4% NaCl added to BHI
medium was found to be significantly associated with
the biofilm formation (P<0.05), and 4% NaCl added to
BHI medium was found to reduce the biofilm formation.
Significant differences were found on the biofilm
formation between 1% glucose and 4% NaCl added to
BHI medium (P<0.05) (Figure 3).
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Figure 3. The relationships of glucose, sucrose and NaCl
supplementation to TSB and BHI media with the biofilm formation
of MRSA strains. (a) TSB, (b) TSB+1% Sucrose, (c) TSB+1%
Glucose, (d) TSB+4% NaCl, (e) BHI, (f) BHI+1% Glucose,

(g) BHI+4% NaCl. The results were recorded as mean values
withtstandard deviations of three independent measurements. Mean
values with different letters show statistically significant difference (P
<0.05).
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DISCUSSION

The pathogenicity of S. aureus, which is the causative
agent of various acute or chronic infections, depends on
biofilm formation along with other virulence factors. The
first stage of biofilm formation, which takes place in at
least three stages, is the adhesion of microorganisms. The
second stage is cell proliferation and exopolysaccharide
synthesis on the surfaces, and the third stage is
microaggregation and thick biofilm layer formation (26).

The choice of medium in which bacteria are cultivated
and the use of glucose, sucrose, and NaCl at different
concentrations influence the biofilm formation of S.
aureus cells. The previous studies have reported that
the increase in NaCl (27), sucrose (28), glucose (29),
supplementation with combination glucose and NaCl
(28-30) stimulate the biofilm formation capacity. It has
also been reported that substances such as glucose and
NaCl added to different media for MRSA strains, which
are also known to form biofilms, significantly increase
the biofilm production capacity of MRSA strains (31).

In this study, we found that the addition of glucose and
sucrose in TSB and BHI media increased the biofilm
production capacity of MRSA strains, while the addition
of NaCl to TSB and BHI media decreased the biofilm
formation. In addition, no significant difference was
found between the BHI medium and the TSB medium in
terms of biofilm production. Singh et al. (32) investigated
the effect of glucose, sucrose, and NaCl on the biofilm
production capacity of S. aureus strains and they stated
that these added substances did not have any effect on
increasing biofilm production alone, but increased
biofilm production when given together. Vazquez-
Sanchez et al. (33) examined the biofilm formation of 26
S. aureus strains isolated from seafood in the presence of
5% glucose, 5% NaCl, their combination, and 0.1 mM and
1 mM MgCl.. Similar to our glucose supplementation to

test media, their results showed that the highest biofilm
formation was obtained in 5% glucose supplementation
of TSB alone. Meanwhile, glucose increased biofilm
formation with increasing incubation temperature from
25°C to 37°C. NaCl had negative correlation with biofilm
formation at 37°C. The combination of glucose with
NaCl slightly increased the biofilm formation compared
to the absence of supplements. Moreover, MgCl. did
not affect significantly the biofilm formation of the
strains concerning for to the absence of MgCl.. Lade et
al. (16) conducted a study with 40 strains including 21
MRSA and 19 methicillin-susceptible S. aureus (MSSA),
selected from blood samples. Similar to our study, they
stated that biofilm formations of both MRSA and MSSA
strains increased in TSB + 0.5% glucose and TSB + 1%
glucose media compared to TSB alone. Unlike us, they
found that biofilm formations of both MRSA and MSSA
strains increased at TSB + 1% NaCl and TSB + 2% NaCl
concentrations. In addition, there was no significant
difference between MRSA and MSSA at different glucose
concentrations, while biofilm formation of MRSA strains
was stronger than MSSA strains at TSB + 2% NaCl
concentration. In another study, Sugimoto et al. (15)
studied 47 clinical S. aureus strains (23 MRSA and 24
MSSA) and their results were demonstrated that glucose
supplementation increased biofilm formation in most
of the strains (42/47). Moreover, NaCl supplementation
stimulated biofilm formation of mostly MSSA strains
(15/24) than MRSA strains (1/23). The main difference
in the results of Sugimoto et al. with our data was the
stimulatory effect of NaCl on biofilm formation of MSSA
strains rather than MRSA strains. Furthermore, Xu et al.
(34) analyzed the effects of NaCl concentrations (0%, 2%,
4%, 6%, 8%, and 10%) on biofilm formation ability of S.
aureusat 37 °C. Adherence of S. aureuscells to polystyrene
microplate surface was starting to decrease after 4 days
of incubation at 37 °C in all tested NaCl concentrations.
Their results demonstrated that high concentrations of
NaCl from 4% to 10% continuously increased adherence
of bacteria. Ionic nature of NaCl could impact on biofilm
formation of the strains. In this respect, surface charge
of bacteria could be affected due to environmental Na
and Cl ions. In our study, 4% NaCl tested and only one
MRSA strain 38 was determined with inreased biofilm
formation. Further studies are needed to elucidate the
affect of NaCl on clinical MRSA strains with higher and
lower concentrations in different growth media.

In the determination of biofilm formation abilities
of bacteria, mostly microplate test is used. This test
is easy, convenient, and gives quantitative results.
Bacterial physicochemical properties especially surface
charge, hydrophobicity, and auto-aggregation capacity
play important roles in biofilm formation. When we
compared our results with previously reported studies
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the main difference is the bacterial surface characteristics.
Adhesion capacity depends on each bacterial surface
characteristic in both MRSA and MSSA strains.
Another parameter is test conditions. Incubation time,
temperature, test surface (polystyrene, polypropylene,
glass, or metal) and surface properties (surface charge,
hydrophobicity, and roughness), used media and their
ingredients (supplementation with glucose, sucrose, and
different type of salts) influence biofilm formation of
bacteria (25, 35-36). These test conditions differ from lab
to lab with the used test materials and chemicals. This is
the main reason for discrepancies in the results.

CONCLUSION

As a result of our study, it was determined that 53 MRSA
strains originating from blood culture had the potential
to produce biofilms. While the biofilm feature of MRSA
strains increases significantly with glucose and sucrose
added to different media such as TSB and BHI, the
addition of 4% NaCl decreases the biofilm feature. In only
one MRSA strain, NaCl stimulated biofilm formation
compared to other supplements. The main contribution
of our results to the literature was to use different media
(TSB and BHI) and supplements (glucose, sucrose and
NaCl) together to test biofilm forming abilities of clinical
MRSA strains isolated in Turkey. Biofilm formation was
controlled both genetic and physicochemical properties of
each bacteria. For this reason, each individual bacterium
can behave differently to adhere material surfaces.

Contamination of polymeric catheter and percutaneous
endoscopic gastrostomy equipment with Staphylococci,
which can form abiofilm, poses a great risk of infection for
patients. Our results also showed that biofilm production
capacity was affected by environmental factors such
as nutrient content and type. Using a large number of
MRSA and MSSA strains, meanwhile analyzing their
physicochemical properties, biofilm-forming ability of
clinical strains should be elucidated. These results will be
a guide in the development of anti-biofilm surfaces and
materials.
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ABSTRACT

Aim: In this study; We wanted to examine the changes and delays in radiotherapy of all our breast cancer patients diagnosed
with COVID-19

Material and Method: Radiotherapy delays of our breast cancer patients who had COVID-19 infection before and during
radiotherapy between March 2020 and March 2021 were evaluated retrospectively.

Results: Sixteen of a total of 642 breast cancer patients, 472 operated and 165 metastatic, who underwent radiotherapy
were diagnosed with COVID-19. All patients were women, ages were between 40 and 77 (mean 54.6). Five patients had a
mastectomy, 8 had breast-conserving surgery, and 3 had breast cancer with bone metastases. Different radiotherapy schemes
were applied at different treatment duration according to the clinical stage and disease status. The first breast cancer patient
with COVID-19 infection was diagnosed on 27 June 2020. Our other patients were diagnosed from June to December (n=15)
in 2020. Treatment of patients infected during radiotherapy was interrupted after a mean of 10 fractions (2-24 fractions) and
treatment was started after a mean of 25 days (21-44 days). Post-operative patients who could not start treatment because they
were SARS-CoV-2 PCR positive were able to start treatment after a mean of 22 days (14-30 days).

Conclusion: Radiotherapy could not be started at the recommended times for breast cancer patients infected with COVID-19
during the pandemic and the treatments had to be interrupted. Therefore, more care should be taken in the follow-up of these
patients; should be considered as patients at risk for local recurrence and metastasis.

Keywords: Breast cancer, radiotherapy, COVID-19, pandemic

The study presented as an oral presentation in “Ankara Hematoloji ve Onkoloji Giinleri 2021, Ankara, 4-6 February 2021.

INTRODUCTION

COVID-19 outbreak; caused unwanted delays in
cancer diagnosis and treatment (1,2). Radiation
therapy of breast cancer patients is also affected
by up to 30% of the pandemic (3). It is shown that
interruption of radiotherapy is related to lower local
control (4). However, it takes some time to evaluate
the scale and consequences of this pandemic. Various
recommendations and guidelines have been prepared
for each disease group. Health associations and
authorities made different
general surgery, medical oncology, and radiation
oncology clinics to treat breast cancer and started to
be applied in a short time. The first COVID-19 case
was diagnosed in Turkey on March 11, 2020. In our
clinic, recommendations of national and international

recommendations for

guidelines have been followed (5). Our aim in arranging
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the clinical approach was to evaluate and treat cancer
patients’ radiotherapy indications while preventing
exposure to hospital-acquired COVID-19 infection.
This study retrospectively examined the changes and
delays in radiotherapy of all breast cancer patients
diagnosed with COVID-19 after March 11, 2020.

MATERIAL AND METHOD

Our study was approved by the COVID-19 Scientific
Research Evaluation Commission within the General
Directorate of Health Services of our Ministry and Dr.
Abdurrahman Yurtaslan Ankara Onkoloji Training
and Research Hospital Ethics Commitee (Date: 2021,
Decision N0:2021-04/1139). All procedures were carried
out in accordance with the ethical rules and the principles
of the Declaration of Helsinki.
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Breast cancer patients who had COVID-19 infection
between March 2020 and March 2021 in the Radiation
Oncology Clinic of -censored- hospital were identified
from the records kept by the COVID-19 pandemic
unit of our clinic. Both clinical and radiotherapy plan
characteristics of each patient were recorded. Delays in
patients infected before and during radiotherapy and
treated/quarantined were evaluated retrospectively.

When calculating the delay time, the weekend is added to
the total delay time for delays that include the weekend.
For example, the 4 days from Thursday to Sunday were
calculated as the delay period for the patient who could
not enter treatment on Thursday and Friday. Otherwise,
only the day without treatment was evaluated as the delay
time.

All data were analyzed using SPSS (version 22) and
Microsoft Excel programs. Descriptive statistics were used
to determine the general characteristics of the groups.
Frequency tables were used for ordinal variables, median
and minimum/maximum values were used for non-
parametric variables. Conformity of variables to normal
distribution was analyzed using visual and analytical
(Kolmogorov-Smirnov/Shapiro-Wilk) methods.

RESULTS

Sixteen (2.5%) of 642 breast cancer patients, including
472 operated breast cancer and 165 metastatic breast
cancer, were diagnosed with COVID-19 on the specified
dates. Of the patients with a mean age of 54.6 (40-77),
5 were mastectomized, 8 had breast-conserving surgery,
and 3 had bone metastatic breast cancer. One patient
was Stage 0, 2 patients were Stage I, 4 patients were Stage
ITA, 2 patients were Stage IIB, 1 patient was Stage IIIA, 2
patients were Stage IIIB, 1 patient was Stage IIIC, and 3
patients were Stage IV. Nine patients had invasive breast
carcinoma, 3 had invasive lobular carcinoma, 3 had
medullary carcinoma, and 1 had ductal carcinoma in situ
histopathology. Thirteen patients were hormone positive,
4 patients were HER2 positive. Only hormonotherapy
was started in 5 patients. Postoperative chemotherapy was
applied to 7 patients, and neoadjuvant chemotherapy was
applied to 4 patients. In mastectomized patients (n=5); to
chest wall +/- lymph nodes 50 Gy/25 fractions in 5 weeks,
in breast-conserving surgery patients; In 6 patients, the
breast +/- lymph nodes 50 Gy/25 fractions in 5 weeks and
the tumor bed 10-16 Gy/5-7 fractions boost, 1 patient 48
Gy/20 fractions to the breast and 12.5 Gy to the tumor
bed/5 fractions boost and 1 patient 48 Gy/18 fractions
and 16 Gy/6 fraction boost adjuvant radiotherapy was
planned to the tumor bed. Palliative radiotherapy (RT)
was planned 20 Gy/5 fractions in 1 week for metastatic
patients (Table 1).

Age Median Age 55 (40-77)
Type of Surgery
Mastectomy (n=>5)
Breast-Conserving Surgery (n=8)
Staging (TNM)
Stage 0 (n=1)
Stage I (n=2)
Stage IT (n=6)
Stage III (n=4)
Stage IV (n=3)
Histopathology
Invasive breast carcinoma (n=9)
Invasive lobular carcinoma (n=3)
Medullary carcinoma (n=3)
Insitu Ductal carcinoma (n=1)
Chemotherapy/Hormonotherapy
Postoperative chemotherapy (n=7)
Neoadjuvant chemotherapy (n=4)
Hormonotherapy (n=>5)
Radiotherapy Dose/Fractionization/Duration
50 Gy/25 fx (5 WK) (n=5)
50 Gy/25 fx (5 Wk) + 10-16 Gy/5-8 fx (2 Wk) (n=6)
48 Gy/20 fx (4 Wk) + 12.5 Gy/5 fx (1 WK) (n=1)
48Gy/18 fx (4 Wk) + 16 Gy/6 fx (1 Wk) (n=1)
20 Gy/5 fx (1 Wk) (n=3)

*fx: fraction, Wk: week, n: patient number

The first patient with COVID-19 infection was a breast
cancer patient with fever and sore throat on June 27, 2020.
Ourother patientswerefoundin June (n=1), August(n=2),
September (n=1), October (n=3), November (n=5) and
December (n=4) 2020. 8 of the patients were diagnosed
with COVID-19 during RT and 8 before radiotherapy.
The treatment of patients infected during radiotherapy
was prolonged after the 10th fraction, as the median (2-
24 fractions) and a mean of 25 days (21-44 days). Patients
who were scheduled for postoperative radiotherapy but
infected before radiotherapy were able to start treatment
after a mean of 22 days (14-30 days) (Table 2). Three
patients with bone metastases were diagnosed before
RT and started treatment after a mean of 20 days (14-
30 days). The treatment was discontinued since 1 patient
infected in the 18t fraction of RT (25 fractions were
planned) and 1 infected in the 27t fraction (33 fractions
were planned) did not want the remaining treatments. It
was determined that a patient who was infected in the
5th fraction of RT completed his remaining treatment
in another center after about 4 months. Other patients
(n=5) completed their treatment as planned. The mean
follow-up period of the patients was 11.6 months (4-17
months). Three patients with bone metastases were alive
with metastatic disease in a mean follow-up of 8 months
(4-13 months), and non-metastatic patients were alive
without disease with a mean follow-up of 12.3 months
(6-17 months).
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Table 2. Parameters of Delays in COVID-19 Infection (n=16)

SARS Cov-2-PCR + Timing
During RT (n=8)
Before RT (n=8)
SARS Cov-2-PCR + time interval
June 2020 (n=1)
August 2020 (n=2)
September 2020 (n=1)
October 2020 (n=3)
November 2020 (n=>5)
December 2020 (n=4)
SARS Cov-2-PCR + delay time during radiotherapy
25 days (21-44 days) Median after 10th fx (2-24 fx)
SARS Cov-2-PCR + delay time before radiotherapy
22 days (14-30 days) post-op RT
20 days(14-30 days) palliative RT

*fx: fraction n=patient number

DISCUSSION

The diagnosis of COVID-19 with polymerase chain
reaction (PCR) was made in November and December
2020 in routine examinations, one of which was
symptomatic during radiotherapy and eight asymptomatic
patients before radiotherapy. Our hospital was a clean
hospital which means SARS Cov-2-PCR positive patients
were referred to another pandemic hospital and clean
hospital precautions were taken (6). As in other radiation
oncology clinics in Turkey, the treatment of patients was
not interrupted or clinically delayed during any period
of the pandemic. Therefore, more often seen as the cause
of this date, the number of cases occurring in Turkey
increased, and before radiotherapy, the decision to have a
negative result of the SARS Cov-2-PCR test of the patients
was applied (7). Performing a SARS Cov-2-PCR test before
treatment for every radiotherapy patient is controversial.
Some publications suggest that cancer patients and their
staff need SARS Cov-2-PCR testing twice a week (8). Our
clinical approach is to perform a SARS Cov-2-PCR test
the day before starting treatment and to repeat the test
if it is symptomatic for COVID-19 during radiotherapy
and similar to other clinics that practice it caused a delay
of up to 1 day per patient (9). The rationale for routine
SARS Cov-2-PCR testing before radiotherapy is that
cancer patients are more susceptible to infections, more
than one cancer patient is present in the same room and
device at the same time or one after the other, and the risk
of transmission of infection to the hospital personnel who
are in constant contact with the patient is reduced.

It is estimated that failure to complete radiotherapy within
the specified time due to the COVID-19 pandemic will
reduce local control (10,11). In our study, patients with
COVID caused a break in radiotherapy for at least 2 weeks
ofbreast cancer patients. Bese etal. (12) study shows that the
5-year local control was reduced by 5% if the radiotherapy
interval was longer than 1 week. It means two weeks of
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COVID-19 quarantine duration is affected radiotherapy
efficacy more than 5%. In this case, an additional dose may
be considered at the end of the treatment.

Radiotherapy increases the risk of infection of
patients and hospital staff in COVID-19 because it is
a form of treatment that requires an extended visit to
the hospital (13). During this period, suggestions of
hypofractionated radiotherapy came to the fore. Long-
term results of randomized controlled studies such as
START and FAST, which were conducted to investigate
the side effects and local control of hypofractionated
radiotherapy, especially in early-stage breast cancer,
showed that radiotherapy for a shorter time is possible
without reducing local control rates (14-17). The use
of hypofractionated treatment regimens has increased
in our clinic in patients with clinical suitability.
Hypofractionated radiotherapy studies in locally
advanced breast cancer are still ongoing and are not
used in our clinic despite the COVID-19 pandemic.
Treatments with fractions of 5 or less are routinely
preferred for palliation of metastases (18).

COVID-19 was detected in 2.5% of the patients we applied
radiotherapy during this period. This rate is shallow, and
the measures we have taken are effective. The pandemic
risk assessment determined that the patients had external
contact, and there was no intra-clinical transmission.
Radiotherapy should be started 1-2 months after surgery
in patients with early-stage breast cancer who are not
given chemotherapy and patients with locally advanced
breast cancer who are operated on after neoadjuvant
chemotherapy. In breast cancer patients in whom
chemotherapy is started postoperatively, radiotherapy
should be started within 7 months after surgery (19,20).
One of our patients who received SARS Cov-2-PCR +
before radiotherapy and received post-mastectomized
chemotherapy 8 months later, and 2 patients who were
operated on after neoadjuvant chemotherapy started
radiotherapy 2 months later. Treatment continued after
a mean of 3 weeks (21, 21, 22, 24, and 44 days) due to
the prolonged quarantine period and recovery of those
infected during radiotherapy. No dose change was made
in patients for whom treatment was interrupted. All
patients were treated at the planned doses.

CONCLUSION

Radiotherapy could not be started at the recommended
times for patients with breast cancer infected with
COVID-19 during the pandemic period, and the
treatments had to be interrupted. Therefore, more care
should be taken in the follow-up of these patients; they
should be considered risky patients in terms of local
recurrence and metastasis.
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ABSTRACT

Background: Plasma lipoprotein levels typically change as a result of systemic inflammation in coronavirus disease
(COVID-19). These changes have been reported to be related to the severity and prognosis of the disease. The aim of this study
was to evaluate the relationship between serum high-density lipoprotein (HDL), low-density lipoprotein (LDL), triglyceride,
and cholesterol levels andindependent short-term (28-day) mortality in COVID-19 patients with critical disease.

Material and Method: The retrospective study included patients that had a positive result for severe acute respiratory syndrome
coronavirus 2 (SARS-CoV-2) on real-time reverse transcriptase polymerase chain reaction (RT-PCR) and were followed up in
ICU due to pneumonia and acute hypoxemic respiratory failure between March 2020 and January 2021.

Results: The 123 patients comprised 69 (56.1%) women and 54 (43.9%) men with a mean age of 65.41+13.93 years. Mean
hospital and ICU stays were 16.07+9.84 and 8.54+8.24 days, respectively. Short-term (28-day) mortality occurred in 33 (26.8%)
patients. Mean serum LDL, HDL, triglyceride, and cholesterol levels were 100.61+36.32, 41.57+10.74, 136.67+85.33, and
164.4+40.73 mg/dL, respectively. Short-term (28-day) mortality established a significant relationship with LDL and HDL levels,
whereas no significant relationship was established with cholesterol and triglyceride levels (p=0.001, p=0.001, p=0.332, and
p=0.222, respectively). The durations of hospital and ICU stay established a significant relationship with LDL levels (p=0.033
and p=0.002, respectively).

Conclusion: Based on our results, we suggest that monitoring HDL and LDL levels with serial measurements in patients with
critical and severe COVID-19 pneumonia may be useful for predicting the prognosis.

Keywords: COVID-19, high-density lipoprotein, low-density lipoprotein,cholesterol, triglyceride, mortality

between clinical worsening and HDL level in a study
conducted on community-acquired pneumonia and
a correlation between HDL and acute phase reactants
was shown in some other studies. Besides, there are
studies aimed at evaluating the prognostic value of HDL
in cases of infection (4).

INTRODUCTION

Lipoproteins are classified into five groups based
on their density, including chylomicrons, very low-
density lipoproteins (VLDL), intermediate density
lipoproteins (IDL), low-density lipoproteins (LDL),
and high-density lipoproteins (HDL). In recent studies,

changes in lipid metabolism have been found in casesof = Severe acute respiratory syndrome coronavirus 2

infection (1). It has also been reported that HDL play a
role in the transport of endotoxins, lipopolysaccharides,
and lipotoxins from the liver and that HDL have anti-
inflammatory, antioxidant, and immunomodulatory
effects (2,3). By contrast, LDL has been shown to
facilitate bacterial toxin clearance in sepsis and to
play a role in the body’s defence against bacterial and
viral pathogens. Studies have found that both the HDL
and LDL levels decrease in response to gram-negative
and positive acute infection and inflammation (3).
Additionally, a significant relationship was found
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(SARS-CoV-2), which was named Coronavirus disease
2019 (COVID-19) by the World Health Organization
(WHO), is a viral pneumonia causing acute respiratory
distress syndrome (ARDS) and is mostly diagnosed by
nucleic acid amplification tests (NAAT) such as real-
time reverse transcriptase polymerase chain reaction
(RT-PCR). Approximately 81% of infected symptomatic
patients develop mild infection while 14% of them
develop severe disease and 5% of them develop critical
disease (5). In addition to these conditions, cytokine
storm caused by COVID-19, homeostaticchanges,
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severe vasculitis, changes in plasma lipoprotein levels
caused by complications, and changes in endothelial
levels have been reported in COVID-19 cases (5,6).
Sorokin et al. (6) reported that the changes in
HDL levels are due to their anti-inflammatory and
antioxidant effects in COVID-19 patients. Wang et al.
(7) evaluated 228 COVID-19 patients retrospectively
and found that the severity of the disease correlated
with the HDL level. Nevertheless, to our knowledge, the
relationship between mortality and plasma lipoproteins
and the cut-off values for the concentration of these
lipoproteins in COVID-19 patients remain unclear.
In this study, we aimed to evaluate the relationship
between serum HDL, LDL, triglyceride, and cholesterol
levels and independentshort-term (28-day) mortality in
COVID-19 patients with critical disease followed up in
intensive care unit (ICU).

MATERIAL AND METHOD

The retrospective study included patients that had a
positive SARS-CoV-2 RT-PCR result and were followed
up in ICU due to pneumonia and acute hypoxemic
respiratory failure between March 2020 and January
2021. Laboratory results, discharge reports, and short-
term (28-day) mortality rates were retrieved from the
electronic database and intensive care observation
forms after obtaining an approval from the scientific
research and ethics committee of the Kegioren Training
and Research hospital of Health General Directorate
of Health Services (Date: 01/11/2021, Decision No:
2012-KAEK-15/2444). All procedures were carried out
in accordance with the ethical rules and the principles
of the Declaration of Helsinki. Inclusion criteria were
as follows: HDL, LDL, triglyceride, and cholesterol
levels measured in the first hour of ICU admission,
age over 18 years, a positive SARS-CoV-2 RT-PCR
result, pneumonia and hypoxemic respiratory failure
due to COVID-19 (hypoxia or pulmonary involvement
in excess of 50% on imaging, tachypnea [respiratory
rate>30/min], partial arterial oxygen pressure [PaOz]/
fraction of inspiration O, (FiO2) <300 mmHg) (8,9).
Patients with an active infection except for COVID-19,
active malignancy, connective tissue disease and
vasculitis, use of drugs that could affect HDL, LDL,
triglyceride, and cholesterol levels, patients aged under
18 years, and pregnant women were excluded from the
study (Figure 1). HDL, LDL, triglyceride, and cholesterol
concentrations were assessed using a Beckman AU5800
biochemical detector (Beckman Coulter, Inc., Brea, CA,
USA) with the turbidimetric method. The reference
range for HDL, LDL, triglyceride, and cholesterol
concentrations was 40-60, 0-130, 50-200, and 50-200
mg/dL, respectively.

Statistical Analysis

Data were analyzed using SPSS for Windows version 21.0
(Statistical Package for the Social Sciences). Continuous
variables were expressed as mean+tstandard deviation (SD)
and categorical variables were expressed as percentages
(%). Pearson Chi-square and Fisher’s exact test statistics
were used compared categorical variables. Normal
distribution of data was tested using Shapiro Wilk tests.
In groups with normal distribution, binary comparisons
were performed using Student’s t-tests. In groups with
nonnormal distribution, binary comparisons were
performed using Mann-Whitney U test.A p value of <0.05
was considered significant. Multiple logistic regression
analysis was used with all of the prespecified factors with a
p <0.25 in the univariate analysis. Statistical significance in
the multivariate analysis was accepted at p <0.05.

| Total number of patients reviewed (n=300) |

Excluded (n=157)
1-Did not fulfil the inclusion criteria (n=37)
2-Patients with incomplete clinical records (n=120)

v

| Total number of patients included in the study

Figure 1. Flow-chart of the study

RESULTS

The 123 patients comprised 69 (56.1%) women and
54 (43.9%) men with a mean age of 65.61+14.05
years. Mean hospital and ICU stays were 16.03+£9.81
and 9.28+12.48 days, respectively. Short-term (28-
day) mortality occurred in 33 (26.8%) patients. All
the patients had hypoxemic respiratory failure and 26
(21.13%) of them were receivinginvasive mechanical
ventilation (IMV), 18 (14.64%) were receiving non-
invasive mechanical ventilation (NIMV), 56 (45.53%)
were receiving high-flow nasal oxygen (HFNO), and 72
(58.54%) were receiving supplementary oxygen support
with a reservoir oxygen mask. Table 1 presents the
demographic, clinical characteristics and respiratory
support therapies of the patients.The rate of hospital
stay (days) ,age, SOFA and APACHE II scores were
significantly higher in mortality patients compared to
non-mortality patients (p<0.05). ICU stay (days) and
gender were found to be insignificant factors affecting
28-day mortality (p=0.394 and p=0.496, respectively).

Mean serum LDL, HDL, triglyceride, and cholesterol
levels were 99.298+38.08, 39.6+12.23, 136.59+89.54,
and 164.69+48.72 mg/dL, respectively. Short-term (28-
day) mortality established a significant relationship with
LDL, HDL, cholesterol and triglyceride levels (p=0.001,
p=0.008, p=0.016, and p=0.012, respectively) (Table 2).
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Table 1. Demographic, clinical characteristics

Mortality Ort.+ SD-Median (Min-Max)

Variables Alln=123 No=90 Yes=33 Pvalue
Age (year) 65.41+13.935 62.79+14.080 72.58+10.799 <0.001
Gender (Male /Female) 69/54 51/39 18/15 0.496
SOFA 5[2-12] 4[2-12] 8 [2-12] <0.001
APACHE II 18 [5-38] 15 [5-31] 24 [10-38] <0.001
Comorbidity 88 (71.5%) 64 (71.1%) 24 (72.7%) 0.860
Cardiovascular diseases (n %) 27 (22.0%) 18 (20.0%) 9 (27.3%) 0.388
Hypertension (n %) 52 (42.3%) 38 (42.2%) 14 (42.4%) 0.984
Diabetes Mellitus (n %) 33 (26.8%) 27 (30.0%) 6 (18.2%) 0.190
Asthma (n %) 5 (4.1%) 4 (4.4%) 1 (3.0%) 0.725
Congestive heart failure (n %) 8 (6.5%) 5(5.6%) 3 (9.1%) 0.481
Malignancy (n %) 7 (5.7%) 3 (3.3%) 4(12.1%) 0.062
Neurological Disease (n %) 11 (8.9%) 8 (8.9%) 3(9.1%) 0.972
IMV 26 (21.1%) 8 (8.9%) 18 (54.5%) <0.001
NIMV 18 (14.6%) 9 (10%) 9 (27.3%) 0.016
HFNO 56 (45.5%) 41 (33.3%) 15 (45.5%) 0.969
Reservoir Oxygen Mask 72 (58.5%) 59 (65.5%) 13 (39.4%) 0.012
Hospital stay (days) 13 [2-46] 15[5-46] 11 [2-30] 0.009
ICU stay (days) 5 [1-46] 4[1-36] 2 [2-46] 0.394
LDL (mg/dL) 95 [16-210.4] 103.8 [16.8-210.4] 80 [16-141] <0.001
HDL (mg/dL) 39.06+11.808 40.74+12.292 34.45+9.028 0.008
Cholesterol (mg/dL) 157 [56-341] 162 [56-341] 144 [56-246] 0.012
Triglyceride (mg/dL) 114 [35-585] 107.5 [35-517] 124 [81-585] 0.016

NIMYV: Noninvasive mechanical ventilation, HFNO: High-flow nasal oxygen

APACHE II: Acute physiology and chronic health evaluation II, SOFA: Sequential organ failure assessment, COPD: Chronic obstructive pulmonary disease, DM: Diabetes mellitus,
CAD: Coronary artery disease, CHF: Congestive heart failure, HT: Hypertension, CKD: Chronic kidney disease, SD: Standard deviation, IMV: Invasive mechanical ventilation,

Univariate analyze

Table 2. Logistic regression analysis

Multivariate analyze (backward wald 5. step)

Wald S OR 95% CI for EXP(B) Wald P OR 95% CI for EXP(B)
Lower Upper Lower Upper

Age 10.145 0.001 .061 1.023 1.100 4.049 0.044 0.892 0.799 0.997
APACHE IT 18.216 <0.001 1.167 1.087 1.253 9.253 0.002 1.927 1.263 2.940
SOFA 22.101 <0.001 1.544 1.288 1.851
IMV 24.527 <0.001 12.450 4.589 33.775
NIMV 5.468 0.019 3.417 1.220 9.569
Reservoir Oxygen Mask 6.207 0.013 0.353 0.155 0.801
LOS hospital (days) 7.829 0.005 0.922 0.871 0.976 10.556 0.001 0.714 0.583 0.875
LDL (mg/dL) 11.846 0.001 0.976 0.963 0.990 8.443 0.004 0.923 0.875 0.974
HDL (mg/dL) 2.356 0.125 0.973 0.939 1.008
Cholesterol (mg/dL) 6.093 0.014 0.987 0.978 0.997
Triglyceride (mg/dL) 2913 0.088 1.004 0.999 1.009 4.716 0.030 1.015 1.001 1.028

OR: odds ratio. Multinominal logistic regression (Hosmer ve Lemeshow p>0.05), APACHE II: Acute physiology and chronic health evaluation II, SOFA: Sequential organ failure
assessment, IMV: Invasive mechanical ventilation, NIMV: Noninvasive mechanical ventilation

DISCUSSION

The results indicated that serum HDL and LDL levels
were significantly associated with 28-day mortality
in COVID-19 patients followed up in ICU due to
pneumonia, whereas no significant relationship was
found between 28-day mortality and triglyceride and
cholesterol levels. Moreover, although a significant
relationship was found between the durations of
hospital and ICU stay and LDL levels, no significant
relationship was established with cholesterol,
triglyceride, and HDL levels.

164

Severe acute respiratory syndrome coronavirus 2
(SARS-CoV-2) has a high infection and has different
manifestations in every infected individual. Although
it typically leads to a mild-to-moderate infection in
most cases and recovers within seven days, it can result
in severe pneumonia and ARDS in some cases (8).
Althoughthe hospital and ICU admission rates differ
across studies, approximately 20% of the patients are
hospitalized and 25% of them are admitted to ICU. Global
mortality rates rangebetween 4.8-11% depending on the
elderly population and developing countries. However,
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the mortality rate in ICU patients is over 60% (8,9).

In our study, we evaluated COVID-19 pneumonia cases
with severe and critical diseasewhorequired ICU care
due to hypoxemic respiratory failure. Ourindependent
short-term (28-day) mortality rate was found to be
26.8%,whichwas lowerthan those reported in the
literature (8,9). This lower rate could be attributed to
the longerdurations of hospital and ICU stay in our
patients and to our IMV rate (21.13%).In our study
age, hospital stay(days) , APACHE II and SOFA scores
were found to be significant predictors of independent
short-term mortality. These findings of our study were
consistent with those reported in the literature (5,7,8).
ICU stay (days) and gender were found to be insignifcant
predictors of mortality. Therefor our results were thought
to be incompatible with the literature (5,7,8).

Lipids and metabolites are major molecules in plasma
and their concentrationsmay changein case of infection
in the presence of pathophysiological and critical disease
(9). Lipids have been shown to play a pathophysiological
role in viral infections, fusion of virus membrane with host
cell membrane, viral replication, and viral endocytosis
and exocytosis. Therefore, lipoproteins are considered
to have vital functions in the life cycle of viruses (10,11).
HDL have been shown to have anti-inflammatory,
antioxidant, immunomodulatory, and antithrombotic
effects in virus-related infections (2,4,6). The natural
and adaptive immune response against the SARS-
CoV-2 plays a role.A cytokine storm termed ‘secondary
hemophagocytic, lymphohistiocytosis’ occurs as a result
of exaggerated production of proinflammatory cytokines
andthe induction of the activation of proinflammatory
macrophages and granulocytes (9). In COVID-19
patients, this cytokine storm leads to immune-mediated
inflammatory dyslipoproteinemia, resulting in low HDL
and LDL levels and increased triglyceride levels (6).
Sorokin et al. (6) showed that the HDL levels decreased
in COVID-19 patients due to the anti-inflammatory and
antioxidant effectsof HDL and as a result of pulmonary
inflammation. The authors also showed that the severity
of the disease, including hypoxic pneumonia, reached
its peak on the third day of disease onset, the changes
in lipid levels were parallel with increases in C-reactive
protein (CRP), and these changes were accompanied by
lymphocytopeniain COVID-19 patients (6). Cao etal. (11)
reported that LDL and total cholesterol levels decreased in
COVID-19 patients.In our study, the relationship between
plasma lipoproteins and short-term (28-day) mortality
was evaluated in COVID-19 pneumonia patients followed
up in ICU. Due to the retrospective nature of our study,
only the HDL, LDL, cholesterol, and triglyceride levels
measured during ICU admission were evaluated and
thus, as in other studies, serial measurements could not be

performed. Moreover, the effect of disease severity on the
changes in serum lipid levels could not be evaluated.

To our knowledge, there are few studies on the
relationship between serum lipoproteins and disease
severity and mortality in COVID-19. In a prospective
study, Tanakeet al. (12) evaluated 48 COVID-19
patients followed up in ICU and reported that the
HDL and LDL levels were relatively lower in severe
COVID-19 patients.In a retrospective study, Qin et
al. (13) evaluated 248 COVID-19 patients and showed
that the triglyceride and LDL levels were negatively
correlated with the duration of hospitalization. In our
study, in a similar way to Tanaka et al. (12), a significant
relationship was found between the HDL and LDL
levels and 28-day mortality. However, no significant
relationship was found between the triglyceride and
cholesterol levels and short-term mortality, which could
be attributed to the effect of changes in liver functions
caused by hemodilution, capillary leakage syndrome,
and the medical treatments we used in the treatment
of COVID-19 on the triglyceride and cholesterol
biosynthesis and their levels (10, 11, and 12). In our
study, only LDL was found to be significantlyassociated
with the durations of hospital and ICU stay. However,
a clear evaluation on this issue could not be made
due to the limited number of data and studies on the
relationship between plasma lipoproteins andthe
durations of hospital and ICU stay in COVID-19
patients. Therefore, we suggest that further multi-
center, prospective, randomized controlled studies with
largerpatient series are needed.

Our study was limited since it was designed as a
retrospective single-center study. Moreover, serum
HDL, LDL, cholesterol, and triglyceride levels were
not measured prior to hospital admission and no serial
measurements were performed, and no comparison
could be performed between the measurements
performed on admission and inflammatory markers.

CONCLUSION

Based on our results, we has been considered that
monitoring HDLand LDLlevels with serial measurements
in patients with critical and severe COVID-19 pneumonia
may be useful for predicting the prognosis.
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ABSTRACT

Aim: Kyphoplasty is a much less invasive technique than conventional methods to strengthen vertebral body fractures. This
study aimed to demonstrate a safe and effective anesthesia method by retrospectively investigating the clinical conditions,
perioperative pain experiences, and anesthesia methods of patients who underwent kyphoplasty in our institution.

Material and Method: A total of 76 patients who had kyphoplasty operations performed under elective conditions between
January 2018 and March 2021 have been enrolled in this research. Demographic data of patients, injury mechanisms, anesthesia
method, duration of surgery, severe perioperative complications (heart attack, lung disease, delirium, etc.), duration of
postoperative stay in intensive care, pre and postoperative pain degrees with visual analogue scale (VAS) has been interpreted.

Results: There was a statistically significant difference between the groups in terms of duration of operation, duration of
anesthesia, postoperative discharge time, postoperative 24-hour VAS score, intraoperative hemodynamic status, and presence
in the post-anesthesia care unit (PACU) (p<0.05). The operation time, anesthesia time, postoperative discharge time, and the
postoperative 24-hour VAS score of individuals with general anesthesia were higher than those under local anesthesia and
sedation. Regarding intraoperative hemodynamic status, 37.5% of those under general anesthesia were stable, while 73.5% of
individuals under local anesthesia and sedation were stable. While 37.5% of those under general anesthesia were in the post-
anesthesia care unit, this rate was 7.4% in those under local anesthesia and sedation.

Conclusion: The most appropriate anesthesia type should be determined according to the patients individual health status.
Each method has its advantages, such as no need for a stable position in general anesthesia and availability of motor functioning
evaluation and verbal communication in local anesthesia; hence local anesthesia and sedoanalgesia were together. This seems
to be more advantageous with the appropriate sedation.

Keywords: Kyphoplasty, vertebral fractures, local anesthesia, general anesthesia, PACU

INTRODUCTION

It is known that vertebral compression fractures (VCF)  secondary to long-term surgery are almost non-existent
can cause severe and long-lasting pain, nerve damage,
depression, and even permanent disability without
appropriate treatment (1). These patients have long-
lasting pain, irregularity in bowel functions, disruption
in sleep patterns, and lung problems that cause severe

declines in their quality of life (2).

with these methods. Thromboembolism, lung problems,
bedsores, long-term drug use, and corset use are avoided
due to prolonged lying down (4).

Patients undergoing kyphoplasty procedures usually
have significant comorbidities. Therefore, it is difficult to

_ _ _ _ determine the intraoperative anesthesia method. Both
Kyphoplasty is a much less invasive technique than

conventional methods to strengthen the vertebral body.
Polymethylmethacrylate (PMMA) (popularly called

local anesthesia and general anesthesia are commonly
used. However, it remains unclear which anesthetic

bone cement) is given to the vertebral corpus by the
external percutaneous route. With these methods, it has
been possible to treat such fractures without open surgery
(3). Infection, bleeding, and limitation of movement
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method is better for kyphoplasty (5). generally surgeons
recognize the advantage of local anesthesia to prevent
fragile elderly patients with multiple organ dysfunction

(6).

Received: 12.01.2022  Accepted: 10.02.2022

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


mailto:aybenkorkmaz73@gmail.com
https://orcid.org/0000-0002-2845-0586
https://orcid.org/0000-0002-2992-7980
https://orcid.org/0000-0003-3306-3107

Korkmaz et al. Anesthesia in vertebral compression fractures

Anatolian Curr Med J 2022; 4(2); 167-171

Surgeons usually assess whether the nerve injury occurred
while the patient is awake. Moreover, patients who receive
local anesthesia do not need postoperative care and can get
out of bed earlier, conducive to postoperative rehabilitation
(7-8). On the other hand, there are certain downsides of
local anesthesia, such as the prolongation of fluoroscopy
time resulting in extended operation or the termination of
the surgery due to posture-related discomfort. Moreover,
abundant local anesthetic administration may induce a
toxic reaction of bone cement and abrupt fluctuation of
vital signs (9).

Local anesthesia are an option for pain relief during
kyphoplasty. On the other hand, it may be insufficient in
pain control. The need for sedation and analgesics may cause
complications such as respiratory depression, hypotension,
and delirium in the patient in the prone position. Although
it is recommended to perform kyphoplasty under general
anesthesia due to severe pain, it has been shown that general
anesthesia brings life-threatening problems, especially in
the elderly and comorbid disease group (10).

Spinal anesthesia and epidural anesthesia are alternative
methods, especially in these patients with comorbid diseases.
However, the baricity of the chosen local anesthetic and its
inadequacy in pain control limit its application. Currently,
it remains unclear which anesthesia is ideal for PKP. The
anesthesia method may vary according to the clinical
findings of the patient and the knowledge and experience of
the anesthetist (9,10).

Study Hypothesis

As in every surgery, the main purpose stands for achieving the
best possible clinical effect without increasing the incidence
of complications. At this stage, a multidisciplinary approach
is crucial with a team of surgeons and anesthesiologists for
better outcomes in pain improvement rate, vertebral height
recovery, and kyphosis correction (11).

This study aimed to demonstrate a safe and effective
anesthesia method by retrospectively investigating the
clinical conditions, perioperative pain experiences, and
anesthesia methods of patients who underwent kyphoplasty
in our institution.

MATERIAL AND METHOD

A total of 76 patients who had a kyphoplasty operation
performed under elective conditions between January 2018
and March 2021 have been enrolled in this research. The
study has a retrospective nature. The study was carried
out with the permission of Bursa Training and Research
Hospital, Non-interventional Clinical Researches Ethics
Committee (Date: 28.04.2021, Decision No: 2011-KAEK-25
2021/04-17). All procedures were carried out in accordance
with the ethical rules and the principles of the Declaration
of Helsinki.
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Demographic data of patients, injury mechanisms,
anesthesia method, duration of surgery, severe
perioperative complications (heart attack, lung disease,
delirium, etc.), duration of postoperative stay in intensive
care, pre and postoperative pain degrees with visual
analogue scale (VAS) has been interpreted.

Inclusion Criteria

Patients classified as ASA Group 1-3, preoperative VAS
>5, and subjects with single-level vertebral compression
fractures were included in the analysis.

Exclusion Criteria

Patients classified as ASA Group 4-5 (high risk of mortality
and morbidity), subjects free of pain, individuals with
symptomatic neurological damage, fracture due to
secondary osteoporosis, and metastatic cancer have been
excluded from the analysis.

Anesthesia & Surgical Procedure

In all kyphoplasties, the surgeon was the same but the
anesthesiologists were different. Group G received
general anesthesia with endotracheal intubation. General
anesthesia was administered via 2 mg/kg propofol,
2 mcg/kg fentanyl, 0.6-1.2 mg/kg rocuronium during
the operation. In addition, maintenance was provided
with 2-3% sevoflurane. Group L has received 10 ml of
bupivacaine at a concentration of 0.25% for local infiltration
anesthesia. Double or triple combinations of sedative and
hypnotic (midazolam, propofol, pentothal) and analgesic
(fentanyl, ketamine) drugs were used for sedoanalgesia.

Fluoroscopy  imaging performed a  unilateral
transpedicular (lumbar vertebrae) or extrapedicular
(thoracic vertebra) puncture. After reaching the
posterior edge of the vertebral body, the bone needle was
replaced with a working cannula. A radiopaque medium
balloon was placed over the fractured vertebral body
to restore the damaged vertebral body until adequate
height restoration, and kyphosis correction were
achieved. The balloon was then deflated and withdrawn,
and the resulting intravertebral space was filled with
polymethylmethacrylate cement.

Statistical Analysis

Patient data collected within the scope of the study were
analyzed with the IBM Statistical Package for the Social
Sciences (SPSS) for Windows 23.0 (IBM Corp., Armonk,
NY) package program. Frequency and percentage were
given for categorical data, and median, minimum and
maximum descriptive values for continuous data. “Mann
Whitney-U Test” was used for comparisons between
groups, and “Pearson Chi-square or Fisher’s Exact Test”
was used to compare categorical variables. The results
were considered statistically significant when the p-value
was less than 0.05.
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RESULTS

The evaluation of whether there was a difference between
demographic and clinical findings of the patients in the
study under general anesthesia and local anesthesia and
sedation were elaborated in Table 1.

When the table was examined, no statistically significant
difference was found between the two groups regarding
age, gender, and Charlson comorbidity index (p>0.05).
This outcome indicates that the study population was
homogeneous regarding age, gender, and Charlson
comorbidity index result.

There was a statistically significant difference between
the groups in terms of duration of operation, duration of
anesthesia, postoperative discharge time, postoperative
24-hour VAS score, intraoperative hemodynamic status,
and presence in the post-anesthesia care unit (PACU)
(p<0.05).

The operation time, anesthesia time, postoperative
discharge time, and the postoperative 24-hour VAS score
of individuals with general anesthesia were higher than
those under local anesthesia and sedation.

Regarding intraoperative hemodynamic status, 37.5% of
those under general anesthesia were stable, while 73.5%
of individuals under local anesthesia and sedation were
stable. While 37.5% of those under general anesthesia
were in the post-anesthesia care unit, this rate was 7.4%
in those under local anesthesia and sedation.

DISCUSSION

Kyphoplasty surgery has several complications. The
most common of them could be elaborated as leakage
from the operation zone and the second one is anesthesia
related events (12,13). At this point, the medical team’s
anesthesia method becomes a controversial issue. The
surgeons are prone to local anesthesia rather than
general anesthesia because it is a safer method for
elderly patients who cannot receive general anesthesia
and whose general condition is impaired. On the other
hand, comorbid diseases are also another decision point
for the elderly population (11).

Liu, et al. (10) have previously published that local
anesthesia might be an ideal choice for patients who
had undergone single vertebra kyphoplasty. They
declared that local anesthesia effectively achieved the
sufficient efficacy of general anesthesia. Additionally,
local anesthesia was a safer option for cardiac situations
and older individuals to reduce anesthesia-related
complications. Last but not least, local anesthesia
also had better postoperative outcomes such as early
mobilization, getting out of bed soon, and reducing
hospital stay. Similar to their findings, our study found
that the operation time, anesthesia time, postoperative
discharge time, and postoperative 24-hour VAS score
of individuals with general anesthesia were higher than
those under local anesthesia and sedation.

Table 1. Distribution of Demographic and Clinical Findings by Types of Anesthesia

Total (n=76) GA (n=8) LA+SED (n=68)
Characteristics (N=76)
n (%) or Median (Min-Max) n (%) or Median (Min-Max) n (%) or Median (Min-Max) P Value

Age, years 69 (33-92) 68 (54-83) 69 (33-92) 0.754
Gender 0.234

Male 23 (30.3) 4(50.0) 19 (27.9)

Female 53 (69.7) 4(50.0) 49 (72.1)
Charlson Comorbidity Index 4(0-7) 5(2-7) 4(0-7) 0.674
Injury Type 0.623

Osteoporosis 4(5.3) 0 (0.0) 4(5.9)

Metastatic Tumor 5 (6.6) 1(12.5) 4 (5.9)

Falling 67 (88.2) 7 (87.5) 60 (88.2)
Pre-op VAS Score 8 (6-10) 8 (7-10) 8 (6-10) 0.257
Operation time, minutes 45 (20-120) 70 (30-120) 45 (20-120) 0.029
Anesthesia time, minutes 60 (30-180) 80 (45-140) 60 (30-180) 0.027
Severe Complications 16 (21.1) 4 (50.0) 12 (17.6) 0.056
Post-op Discharge, days 1(1-44) 2,5 (1-44) 1(1-10) <0.001
Post-op 24 hour VAS Score 2 (1-5) 3 (2-5) 2(1-4) 0.001
Intraoperative Hemodynamic Status 0.049

Stable 53 (69.7) 3(37.5) 50 (73.5)

Unstable 23 (30.3) 5 (62.5) 18 (26.5)
PACU 8 (10.5) 3(37.5) 5 (7.4) 0.034
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There is also conflicting literature on this subject,
indicating that the type of anesthesia did not affect the
efficacy of PKP for a single-level OVE Liu etal. (10) stated
that anesthesia type was not a significant parameter of
the PKP procedure. This is an important finding as the
duration of single kyphoplasty intervention of a single
OVF is shorter. On the contrary, our study’s patient
population mainly consisted of the elderly with several
comorbidities, thus considering that general anesthesia
will be more risky. Postanesthetic care unit need was less
in the local anesthesia sedation group.

One important aspect of comparing local and general
anesthesia during PKP surgery lies beneath each
individual’s vital signs, hemodynamic parameters, and
intraoperative situation. However, data on this strategic
point is lacking in the previous studies. Fluctuations
in these parameters determine the duration of PACU
patients with a variety of factors such as cardiac status
(mean arterial pressure, heart rate, vital signs during
the operation), postoperative cognitive dysfunction,
and other complications (14,15). In this study, there was
a statistically significant difference in favor of the local
anesthesia group between the groups in terms of duration
of operation, duration of anesthesia, postoperative
discharge time, postoperative 24-hour VAS score,
intraoperative hemodynamic status, and presence in the
post-anesthesia care unit (PACU) (p<0.05).

At this stage, one should consider the differential
advantages of each anesthesia method at a patient centric
approach. General anesthesia has definite advantages on
vital signs (arterial pressure and heart rate) due to narcotic
analgesics, sedatives, and muscle relaxants, combined
with efficient respiratory ventilation management. This
enables the prevention of cardiovascular and cerebral
complications via controlling heart rate and blood
pressure (16-18). However, this data was challenged in our
findings as the intraoperative hemodynamic status of our
study population has been found as 37.5% of those under
general anesthesia were stable, while 73.5% of individuals
under local anesthesia and sedation were stable.

Another technical advantage of general anesthesia is
reducing surgery period and fluoroscopy exposure,
especially in multiple vertebral PKP. During local
anesthesia, the patient needs to change his/her position
frequently due to body position-related discomfort
or stimulation of intraoperative pain. Due to the
combination of muscle relaxation and analgesia, it seems
appropriate to prefer general anesthesia at this point (19).

The downside of local anesthesia could be elaborated
as inadequate efficacy leading to severe pain during the
surgery. Multiple osteoporotic vertebral fracture surgery
such as rib, humerus, or intertrochanteric fracture
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requiring a prone position at the operation might lead to
discomfort. At this point, the patient may need sedation
and analgesia. However, it is difficult for anesthesiologists
to adjust the appropriate sedation level without causing
respiratory depression and unconsciousness in the patient
population (elderly and patients with comorbid diseases)
and prone position. The experience of the surgeon is
also another aspect. If the puncture point angle could
not be achieved at one time, repeated puncture increases
the damage to surrounding soft tissue and nerve injury,
resulting in muscle tension in the intraoperative period
(20). In our study, the same surgeon has performed the
operations, but the anesthetists were different. The main
challenge has been preserving patient cooperation while
administering sedation without respiratory depression.
Although there was no statistically significant difference
in the study analyses, complications in the local anesthesia
sedoanalgesia group (respiratory distress in 4 patients,
hypertensive crisis in 2 patients, hypotension in 3 patients,
nausea and vomiting in 1 patient) were life-threatening.

One should also admit the proven advantages of local
anesthesia. The major strength could be emphasized as
no requirement for postoperative PKP recovery. The
patients get out of bed very soon, thus alleviating wound
healing. Another strength is no impairment in cognitive
functions compared to general anesthesia, which is
essential for elderly patients (21). The results of our study
have provided supportive outcomes on this aspect. The
37.5% of those under general anesthesia were in the post-
anesthesia care unit while this rate was 7.4% in those
under local anesthesia and sedation.

The surgery team’s skills and the patients positive
motivation increase the success rate. The experienced
surgeon and an individual who has been informed about
the surgery, position, and sedation/analgesia requirement
case can be attributed as the best possible combination.
Hence, physicians prefer local anesthesia in single OVF
repair by kyphoplasty (10).

Limitations of the Study

The main limitation of this study could be attributed to
its retrospective nature. The second limitation was the
lack of comparison between local and general anesthesia
during PKP surgery in terms of each individuals vital
signs, hemodynamic parameters, and intraoperative
situation. However, one should mention that this was the
most significant gap in published literature up to date.

In our study, the type of anesthesia was decided with the
surgical team. Regional anesthesia methods, neuraxial
blocks (spinal, epidural), ultrasonography-assisted
trunk blocks were not performed. Prospective studies
are needed to compare these methods to determine the
advantageous anesthesia method for kyphoplasties.
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CONCLUSION

Regarding the results of this study, one can say that the
most appropriate anesthesia type should be determined
according to the patient’s individual health status. Thus
each method has its advantages, such as no need for a
stable position in general anesthesia and availability of
motor functioning evaluation and verbal communication
in local anesthesia. When the anesthesia method was
compared, since local anesthesia and sedoanalgesia
were together, local anesthesia seemed to be more
advantageous with the appropriate sedation level.
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ABSTRACT

Aim: The choice of anesthesia management for hip fracture surgery is among the modifiable risk factors that can affect the
outcome. This study aims to investigate the effects of two different anesthesia techniques on kidney functions with the RIFLE
(Risk, Injury, Failure, Loss, and End-stage renal failure) risk score in patients who were operated on for hip fracture.

Material and Method: Serum creatinine values lower than 1.5 times (Normal value: 1.2 mg/dL) and glomerular filtration rate
(GFR) below 60 mg/dl, over 65 years old, without serious comorbidity, hemoglobin (Hb) value over 9 g/dl 60 patients were
included. The demographic data and biochemical parameters of the patients were recorded. The patients were randomized into
two groups as spinal anesthesia (Group S) and general anesthesia (Group G). During the surgery, a urinary catheter was applied to
the patients and urine output was monitored. Balance liquid electrolyte regimen was applied and after Hb control, an appropriate
blood regimen was planned with Hb above 9 g/dl. Postoperatively, patients were followed at 6th, 12th, and 24th hours on the first
day, and then at 24-hour intervals in the first postoperative week, and were evaluated with the RIFLE risk scores.

Results: There was no statistically significant difference between the groups in terms of demographic data, fracture type,
laboratory values, and urine volumes (p > 0.05). In the comparison of intragroup urea values, the decrease in the 5th time interval
compared to the baseline value was statistically significant in Group G. There was no statistically significant difference between
the measurement times in Group S (p > 0.05). Preoperative creatinine values were found to be statistically significantly higher
than other measurement times in the patient group in Group S (p < 0.05). In both groups, it was found that all measurement
time urine amounts were statistically different from each other (p < 0.05). In comparisons between groups, There was no
statistically significant difference in terms of RIFLE risk score and postoperative outcome at all measurement times (p>0.05).

Conclusion: There is no difference between the anesthesia method applied in hip fracture surgery and the change in renal
function of patients, based on RIFLE criteria and laboratory parameters. In addition, a significant improvement in renal
functions was observed in both groups, especially during the discharge period, according to preoperative values, which may
indicate that the stress response to surgery can be effectively limited in both anesthesia methods.

Keywords: General anesthesia, spinal anesthesia, hip fracture, renal functions, geriatric, RIFLE criteria

INTRODUCTION

Fracture of the femur in the bone region just distal to the

increases perioperative and postoperative morbidity
hip articular cartilage, up to about five centimeters below

and mortality in geriatric patients (2,4). The choice

the lower border of the lesser trochanter, is referred to
as “hip fracture” and these patients are generally in
the advanced age group (1-3). The presence of cardiac,
endocrine, renal, cerebral, and respiratory diseases
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of anesthesia management for hip fracture surgery is
among the modifiable risk factors that may affectpatient
mortality (4). Anesthesia used 1is either general
anesthesia; with the airway maintained by a face mask,
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laryngeal mask airway (LMA), or endotracheal tube
(ET) induction and ventilation being spontaneous or
mechanical; or regional where a spinal injection of a local
anesthetic or an epidural is used (5). In many studies on
mortality, different results have been obtained regarding
the superiority of anesthesia methods over each other,
and a clear consensus has not been reached (6-8).

Acute kidney injury (AKI) is a sudden, sustained decrease
of renal function, causing damage to its excretion capacity
and maintenance of fluid/electrolytic homeostasis and
urea and creatinine accumulation with or without
urinary output reduction. This renal function decrease is
observed with a reduction of the glomerular filtration rate
(GFR), resulting in an elevation of serum creatinine and
urea levels, which are often used to clinically evaluate the
renal function (9,10). AKI is a common complication in
patients undergoing major surgery (11). For this reason,
fluid monitoring and stabilization of hemodynamics
are very important in these patients. Studies of AKI in
patients with hip fractures have reported an 8% to 24%
risk of developing acute renal failure within 72 hours
after surgery or during hospitalization (9,12,13). Renal
failure studies were standardized by a consensus in 2004
that defined ARF based on separate criteria of creatinine
and/or urinary output (14). AKI was classified, by this
consensus, in three different severity categories (risk,
injury, and failure) and two clinical categories (renal loss
and end-stage of renal disease), and the acronym RIFLE
(Risk, Injury, Failure, Loss, and End-Stage) identifies this
classification as follows (9):

eRisk: increase of 1.5 times of serum creatinine
concerning basal creatine and/or urinary debt of 0.5 mL
- kg—1 h-1 for six hours;

eInjury: increase of two times of serum creatinine to
basal creatinine and/or urinary debt of 0.5 mL - kg—1 h-1
for 12 hours;

oFailure: increase of three times of serum creatinine in
relation to basal creatinine and/or urinary debt of 0.3 mL
- kg—1 h-1 for 24 hours (oliguria), 12 hours (anuria), or
when the creatinine values are above 4.0 mg - dL-1;

eRenal loss: acute renal failure for more than four weeks;
and

«End-stage: renal failure for more than three months.

In this study, we hypothesized that spinal anesthesia
applied in geriatric patients undergoing hip surgery may
be a more protective technique than general anesthesia
in the early postoperative period in terms of acute renal
failure. This study, it is aimed to evaluate this effect
by using the RIFLE criteria. The primary outcome of
this study is to investigate the effects of two different
anesthesia techniques on kidney functions by using the

RIFLE criteria in patients who will be operated on for
hip fracture. The secondary outcome, on the other hand,
is to investigate the mortality and morbidity of patients
through the early detection of renal dysfunction using
RIFLE criteria.

MATERIAL AND METHOD

This study was planned as prospective, randomized,
controlled, and double-blind. After the approval of the
Ankara Numune Training and Research Hospital Clinical
Researches Ethics Committee (ID: E.Kurul-E-16-1025,
Date: 10.08.20016). All procedures were carried out in
accordance with the ethical rules and the principles of
the Declaration of Helsinki. It was planned for geriatric
patients who applied to the orthopedics clinic of the high
volume tertiary medical center with hip fracture between
September 2016 and September 2017. Those who were
less than 1.5 times the normal serum creatinine values
according to the hospital reference values (Normal value:
1.2 mg/dL) and GFR below 60 mg/dl, over 65 years of
age, without a previous history of liver, kidney and heart
failure, were included in the study. Sixty patients with
hemoglobin (Hb) values over 9 g/dl were included. The
patients were randomized using the random.org method
and divided into two groups as spinal anesthesia (Group
S) and general anesthesia (Group G). Allocation was
done by the closed envelope method.

Those with liver, kidney, and heart failure, unregulated
hypertension and diabetes mellitus, those with a history
of regular non-steroidal anti-inflammatory drug use in
the last 6 months, and those with a history of drug use
affecting kidney functions were excluded from the study.

Demographic data and biochemical parameters (Hb,
serum creatinine, and blood urea nitrogen (BUN))
values of the patients who were preoperatively prepared
were recorded. Isolyte S (balanced solution) infusion
at 10 ml/kg/h was given to the patients. In Group S, a
unilateral spinal block was applied to the patients using
1.5 ml 0.5% Heavy Bupivacaine with a 25 G spinal needle
(Egemen, 11 cm, Quince 25G) with the patient lying on
their side through the L 4-5 intervertebral space. Balance
anesthesia induction 0.3 mg/kg midazolam, 0.25-0.50
png/kg remifentanil, 2% propofol 1.5-2 mg/kg, 0.6 mg/kg
rocuronium intravenous (iv) bolus was administered to
the patients in Group G and appropriate endotracheal (7-
8.0 cuffed) tube was intubated. Sevoflurane 1.0-1.2 MAC,
and 0.5 pg/kg/h remifentanil infusion were administered
for anesthesia maintenance. During the surgery, urine
output was monitored by applying a urinary catheter to
the patients, and recording was started when the urine
in the first bag was emptied and the bladder was empty.
After the balance fluid electrolyte regimen and Hb
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control, an appropriate blood regimen was planned with
Hb above 9 g/dl. The urinary catheter was removed after
the first 48 hours in the patients. Following the removal
of the urinary catheter, the patient’s urine was collected
in a measurable urine cup and a 24-hour follow-up was
performed. Postoperatively, patients were followed up at
6th, 12th, and 24th hours on the first day, and then at 24-
hour intervals in the first postoperative week and were
evaluated with a RIFLE risk score. Patients from the risk
group were consulted to the nephrology clinic.

Statistical Analysis

Analysis of the data was done using IBM SPSS 25.0
statistical package program. While evaluating the study
data, the Chi-Square (x2) test was used to compare the
qualitative data as well as descriptive statistical methods
(frequency, percentage, mean, standard deviation, median,
min-max). The suitability of the data to the normal
distribution was evaluated with Kolmogorov-Smirnow
and Shapiro-Wilk tests. The Mann-Whitney U test was
used for the intergroup comparisons of the data that did
not show normal distribution, and the Friedman test was
used for the intragroup comparisons. Dunn’s post-hoc test
was used to find the source of the difference in cases where
there was a difference in group comparisons. Values with a
probability (P) less than a=0.05 were accepted as significant
and there was a difference between groups, values with a
higher probability were considered as insignificant and
there was no difference between groups.

Sample Size And Power Analysis

The sample size was calculated using G*Power®© software
version 3.1.9.2 (Institute of Experimental Psychology,
Heinrich Heine University, Dusseldorf, Germany).
The sample size was calculated for the Mann Whitney
U-test, which was used for testing the main hypothesis of
(RIFLE score for 24 hours) the present study. Depending
on previous research results with two-sided (two tails)
type I error 0.05 and power of 80% (1-$=0.8), effect size
(d) factor 0.5, should involve > 112 subjects.

Power analysis was done with the G*Power 3.1.9.2
statistical package program; n1=49, n2=56, a=0.05, Effect
Size d=0.65; Power (1-f)=0.90.

RESULTS

Our study included 157 patients who applied to the
orthopedics clinic of our hospital between September
2016 and September 2017. 112 of these patients who met
the criteria agreed to participate in the study. Afterward,
7 patients in the general anesthesia group were excluded
from the study before the operation because they wanted
to drop out of the study. The operations of the patients
were planned with general anesthesia and one of the
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spinal anesthesia methods. In the spinal anesthesia group,
all 56 patients were included in the study. The study was
completed by 49 patients in the general anesthesia group
and 56 patients in the spinal anesthesia group (Figure 1).

Assessed for Eligilibity (n:157)
Excluded (n:45)
- Not meeting inclusion criteria (n:34)
- Declined to participate (n:11)
I Randomized (n:112) I
| | |
Group G (n:56) Group S (n:56)
Received Allocated Received Allocated
Intervention (n:49) Intervention (n:56)
Did not Receive Allocated Did not Receive Allocated
Intervention (n:7) Intervention (n:0)
|
Lost Follow-up (n:0) Lost Follow-up (n:0)
Discontinued Intervention (n:0) Discontinued Intervention (n:0)
|
Analysed (n:49) Analysed (n:56)
Excluded from Analysis (n:0) Excluded from Analysis (n:0)

Figure 1. Flowchart of patients. Group G: general anesthesia, Group
S: spinal anesthesia.

There was no statistically significant difference between
the groups in terms of gender, age, and fracture type (p >
0.05) (Table 1).

Table 1. Comparison of patient characteristics between groups

Group G Group S P
(n=49) (n=56)

Female 29 (% 59.2) 40 (% 71.4) 0.266 a
Gender

Male 20 (% 40.8) 16 (% 28.6)
Age, (year) 80 (65-96) 79 (65-100) 0.969 b

Femur neck 11 (% 22.4) 22 (% 39.3) 0.103a
Fracture I h . %61.2) 30 (9 6
type ntertrochanteric 30 (% 61.2) (% 53.6)

Subtrochanteric 8 (% 16.3) 4(%7.1)

Endoprothesis 12 (% 24.5) 18 (% 32.1) 0.103 a
Operation  Proximal Femoral 37 (% 75.5) 38 (% 67.9)

Nail
Continuous variables are expressed as either the mean+tstandard deviation (SD)
or median (Q1-Q3) and categorical variables are expressed as either frequency
(percentage). a: Chi-Square Test, b: Mann-Whitney U Test. Group G: general
anesthesia, Group S: spinal anesthesia.

In comparison between groups, there was no statistically
significant difference between the groups in terms of
urea, serum creatinine, GFR, and urine values at all
measurement times (p > 0.05).

In group comparisons; in the comparison of urea
values, the decrease in the 5th time interval compared
to the baseline value in the general patient group was
statistically significant. In the spinal patient group,
there was no statistically significant difference between
the measurement times (p > 0.05). In the comparison
of serum creatinine values, it was observed that there
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was no statistically significant difference between the
measurement times in the general patient group in terms
of serum creatinine values (p > 0.05). In the spinal patient
group, preoperative serum creatinine values were found
to be statistically significantly higher than the other
measurement times (p < 0.05). In the comparison of
GFR values, it was observed that there was no statistically
significant difference between the measurement times in
both general and spinal patient groups (p > 0.05). In the
comparison of urine volumes, a statistically significant
difference was observed between the measurement
times in both general and spinal patients (p < 0.05). In
both groups, it was found that the urine volumes at all
measurement times were statistically different from each
other (p < 0.05) (Table 2) (Figure 2).

Table 2. Comparison of renal function tests between groups

Group G Group S Pa
(n=49) (n=56)
Preoperativel 58.2+28.2 57.0+£27.1 0.946
PO 6. hour2 55.1+26.6 54.9+26.6 0.944
PO 24. hour 3 55.9+27.8 57.2425.0 0.738
E‘geg*} i) PO48.hourd  569+314 58.5428.1  0.761
Discharge5 43.3%£21.5 52.1£30.3  0.119
Pb 0,000 0,166
Difference 1 with 5 --
Preoperativel 1.1+0.5 1.2+0.6 0.772
PO 6. hour 2 1.1+0.6 1.0+0.5 0,169
~ PO24.hour3 1.1+0.6 1.1+0.6 0.977
(C;leg%lﬁl)n PO 48. hour 4 1.10.8 11405  0.644
Discharge5 0.9+0.4 1.0+0.7 0.606
Pb 0.002 0.048
Difference 1 with 5 1 with 5
Preoperativel 61.8+23.6 58.2+21.5 0.383
PO 6. hour 2 63.71£24.8 63.31£21.1 0.944
PO 24. hour 3 65.3£24.9 61.4+£19.9 0.458
(Cr}rll:lI/{min) PO 48. hour 4 80.6+36.2 69.6+31.7 0.115
Discharge5 91.1+33.9 78.1+31.5 0.091
Pb 0.000 0.000
Difference 1 with 4-5 1 with 4-5
PO 6. hour 669.4+211.6 594.6+£187.2  0.068
Ui PO 12. hour 1333.7+356.5 1293.8+377.2 0.505
volumes PO 24. hour 1878.6+493.9  1885.7+514.0 0.870
(mL) — py 0.000 0.000
Difference All All
Continuous variables are expressed as the mean+standard deviation (SD).
a: Mann-Whitney U Test, b: Chi-Square Test, c: FriedmanTest
Group G: general anesthesia, Group S: spinal anesthesia, GFR: Glomerular filtration
rate; PO: Postoperative.

In comparisons between groups; There was no statistically
significant difference between the groups in terms of
GFR values at all measurement times (p > 0.05).

In group comparisons; In the comparison of GFR
values, it was observed that there was no statistically
significant difference in terms of GFR values between
the measurement times in both the general and spinal
patient groups (p > 0.05).

60 Urea 12 Creatinin

50 -ﬁ 1.0 bm__\
40 08
30 0.6
20 0.4
10 02
0 0.0
Pre-op PO6.hr PO24.Hr PO48.hr Discharged Pre-op PO 6. hr PO24.hr PO48. hr Discharged

—o— General e Spinal ) —o— General o Spinal )

Uri
100 GFR 2000 e

80

— ; 1500
60
40 1000

. 500

Preop POG.hr PO24.hr PO48.hr Discharged

Pre-op Post-op 6. hr Post-op 24. hr

—o—: General —e— General

—o—: Spinal —— Spinal

Figure 2. Comparison of renal function tests between groups. GFR:
Glomerular filtration rate; Pre-op: Preoperative; PO: Postoperative

In comparisons between groups; It was found that there
was no statistically significant difference between the
groups in terms of RIFLE values at all measurement
times (p > 0.05) (Table 3) (Figure 3).

RIFLE

|| -1
0 1

_-
2 3
= Spinal

® General

Figure 3. Comparison of RIFLE scores and groups. RIFLE: Risk,
Injury, Failure, Loss, and End-stage renal failure.

Table 3. Comparison of RIFLE scores and groups

Group G (n=49) Group S (n=56) Pa

RIFLE 0 45(%91.8) 42(%75.0) 0.212
1 1(%2.0) 7(%12.5)
2 1(%2.0) 3(%5.4)
3 1(%2.0) 2(%3.6)
4 1(%2.0) 2(%3.6)
Complication  Yes 5(%10.2) 8(%14.3) 0.736

Continuous variables are expressed as either the mean+standard deviation (SD)
or median (Q1-Q3) and categorical variables are expressed as either frequency
(percentage). a: Chi-Square Test. Group G: general anesthesia, Group S: spinal
anesthesia, RIFLE: Risk, Injury, Failure, Loss, and End-stage renal failure.

In comparisons between groups; It was found that there
was no statistically significant difference between the
groups in terms of hospitalization time, hospitalization
time after surgery, postoperative anesthesia care unit
(PACU) requirement, time in PACU, time in hospital
ward, intensive care unit (ICU) requirement and time in
ICU values (p > 0.05) (Table 4).
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Table 4. Comparison of time and requirements between groups

Group G Group S P
(n=49) (n=56)

Hospitalization time (day) 11.546.2 10.0+4.7 0.376 a
Hospitalization time after 3.3£3.0 3.3+3.4 0.858 a
surgery (day)
PACU requirement 30 (% 61.2) 38(%67.9) 0.614b
Time in PACU (day) 0.740.6 07£0.6  0.442a
Time in hospital ward 8.4+4.8 7.9+4.0 0.644 a
(day)
ICU requirement 13 (% 26.5) 18 (% 32.1) 0.678b
Time in ICU (day) 2.4+5.8 1.3+2.7 0.792 a
a: Mann-Whitney U Test, b: Friedman test. Group G: general anesthesia, Group S:
spinal anesthesia, PACU: postoperative anesthesia care unit, ICU: intensive care unit

In both groups; It was found that the relations between
RIFLE variables and PACU need, PACU time, ICU need
and ICU time values were not statistically significant
(p>0.05) (Table 5).

Table 5. Comparison of groups with correlation test in terms of
time and needs

PACUNeed PACUTime ICUNeed ICU Time
r Pa r Pa r Pa r Pa

GA
RIFLE

SA
RIFLE
a: Spearman’s Rho Correlation Test. PACU: postoperative anesthesia care unit, GA:

General anesthesia, SA: Spinal anesthesia, ICU: intensive care unit, RIFLE: Risk,
Injury, Failure, Loss, and End-stage renal failure.

0.212 0.144 0.212 0.143 0.172 0.237 0.218 0.132

-0.134 0.325 -0.153 0.259 0.234 0.083 0.226 0.095

DISCUSSION

The results of this study showed that there was no
difference between the anesthesia method applied in
patients who were operated on for hip fracture and
the change in renal functions of the patients, based on
RIFLE criteria and laboratory parameters. In addition, a
significant improvement in renal functions was observed
in both groups, especially during the discharge period,
according to preoperative values.

Hip fractures have serious consequences, especially in
frail elderly individuals, and are associated with decreased
quality of life and increased morbidity and mortality (15-
17). The most important of these complications is AKI,
which is defined as a sudden decrease in kidney function,
which is a common postoperative complication. AKI is
a comprehensive clinical syndrome involving intrarenal
and extrarenal pathologies. Postoperative AKI is
associated with a longer hospital stay, increased hospital
costs, and a significantly high rate of morbidity and
mortality (18-20).

The relationship between anesthesia technique and
mortality in surgeries performed after hip fractures
has been evaluated (21,22). However, studies on the
effect of anesthesia type on AKI are limited (23,24).
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Weingarten et al. (24) reported that general anesthesia
was an independent risk factor for the development of
postoperative renal failure in patients who underwent
joint arthroplasty. Regional anesthesia techniques can
be associated with avoidance of airway management,
reduced blood loss, potentially reduced risk of deep
vein thrombosis, and improved postoperative analgesia.
Conversely, it may be associated with a more stable
hemodynamic condition in general anesthesia, unlike
regional anesthesia (3,25). Considering these effects of
general and regional anesthesia, the stable hemodynamics
provided in general anesthesia and the limited blood
loss provided by regional anesthesia may limit the
deterioration of renal functions by keeping the pre-renal
blood flow stable, which has a serious effect on renal
functions (26). This situation is especially important in
fragile geriatric patients. In this study, limited changes
and similarities in RIFLE and renal function parameters
in both groups show that both anesthesia methods can be
used safely in hip fracture surgery in patients.

Stress response to surgery and trauma is an important
problem in patients. If this situation cannot be controlled
well, it causes acceleration of the catabolic process in
patients and deterioration in organ functions with long-
term hospitalization (27-29). As a result, this condition
is associated with increased morbidity and mortality
(29). It has been reported that regional anesthesia limits
the stress response more with its central blocking effect.
However, it has been reported that this stress response
suppressive effect is more limited in general anesthesia
(29). This catabolic process is more pronounced,
especially in situations that significantly increase the
stress response, such as a hip fracture (30). When the
fragile geriatric population of this patient group is added
to the stress response caused by pain, malnutrition,
and trauma, the already borderline organ functions
may deteriorate further. Limiting the time to surgery
and effective perioperative management may limit this
deterioration in these patients. In this study, the higher
preoperative renal functions in both groups and the
return of these values to more normal levels, especially
during discharge, can be explained by the fact that the
two anesthetic methods are used to reduce the surgical
stress in these patients. As a result, general and spinal
anesthesia can be considered as the anesthetic methods
preferred in these patients and do not have superiority
over each other.

In previous studies, advanced age, low preoperative
GFR, emergency surgery, liver disease, obesity, high-risk
surgery, and peripheral vascular occlusive disease were
accepted as preoperative predictors of AKI in noncardiac
surgeries (13,31,32). Intraoperative problems such as
bleeding due to anesthesia and hypovolemia have also
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been shown to be risk factors for postoperative AKI (33).
In addition, hypotension is a common condition during
hip surgery, but it has been suggested that this may also
lead to AKI. In this study, patients in both groups had
similar characteristics in terms of demographic data
and comorbidities. In addition, in order to limit the
negative effects of possible perioperative hypotension on
renal functions, a balance liquid electrolyte regimen was
applied to the patients and an appropriate blood regimen
was planned with Hb above 9 g/dl after Hb control.

Postoperative complications are more important
especially in major surgeries such as hip surgery. This
situation may adversely affect the outcome of the patients
and may also cause deterioration of renal functions.
Various studies have been conducted to determine
whether regional anesthesia provides benefits over
general anesthesia for surgeries in general, but the
evidence remains conflicting (34). Meta-analyses of
randomized clinical trials comparing regional anesthesia
versus general anesthesia for hip fracture surgery have
found borderline significant results on reductions in the
risk of short-term complications and mortality associated
with regional anesthesia, whereas there is no evidence of
a reduction in risk at three months postoperatively (25).
In this study, complications developed at a similar rate in
both groups, while an intraoperative patient developed
death, while 2 patients in the spinal anesthesia group and
1 patient in the general anesthesia group needed dialysis.

There are some limitations to this study. Initially, the
study was designed as a single center. This may cause
limitations in the evaluation of the general population.
Therefore, multicenter prospective and large series
studies may be more useful in evaluating the difference
of anesthetic methods. Secondly, the use of only RIFLE
criteria in addition to the parameters that evaluate
renal function in the study may limit objective results.
Finally, the relationship of these two anesthesia types
with long-term mortality and complications could not be
demonstrated, since long-term postoperative follow-up
of the patients could not be performed.

CONCLUSION

In conclusion, there is no difference between the
anesthesia method applied in patients who were operated
on for hip fracture and the change in renal functions of
the patients, based on RIFLE criteria and laboratory
parameters. In addition, a significant improvement in
renal functions was observed in both groups, especially
during the discharge period, according to preoperative
values, which may indicate that the stress response to
surgery can be effectively limited in both anesthesia
methods. The effects of the type of anesthesia applied

in the patients in terms of postoperative complications
and dialysis needs are similar. Large series of prospective
randomized studies on this subject will contribute to the
emergence of clearer results on the effects of anesthesia
methods on renal functions and AKI development.
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ABSTRACT

Aim: Pain after thoracotomy is one of the most severe in clinical practice and more effective analgesia can be achieved by
combining systemic and regional techniques. Though thoracic epidural analgesia (TEA) is the gold standard in the treatment,
its application can be restricted due to side effects and contraindications. We investigated the hypothesis that thoracic
paravertebral block (TPVB) reduced morphine consumption, pain scores, and side effects as much as TEA after thoracotomy.
Material and Method: Fifty patients who underwent elective posterolateral thoracotomy were included in this study. Patients
were randomly allocated into two groups as TEA (group I, n = 25) and TPVB (group II, n = 25). Postoperative consumption
of patient-controlled morphine, visual analog scores (VAS), hemodynamic parameters, and side effects were collected in 72
hours. Additionally, pulmonary function tests (PFT) values were recorded.

Results: Postoperative VAS values during rest were comparable between the groups (p > 0.005) and they did not have
significantly difference postoperative VAS values during coughing (p > 0.005). The cumulative morphine consumption was
higher in Group 2 (p < 0.05). Side effects were comparable between the groups II (p > 0.05).

Conclusion: We conclude that TEA provided more effective analgesia than TPVB in thoracotomy patients in the early
postoperative period with comparable side effects.

Keywords: Paravertebral block; post-thoracotomy pain; thoracic epidural block; visual analog scale

INTRODUCTION

Pain after thoracotomy is one of the most severe in Morphine is widely used in the treatment of
clinical practice, and inadequate pain management postoperative pain. Thus, it is an important component
may be related to outcome (1). Many methods such as
systemic analgesia, thoracic epidural analgesia (TEA),
cryoanalgesia, thoracic paravertebral blockade (TPVB),
intercostal nerve block, and intrapleural analgesia
have been used to prevent thoracotomy pain (2-4).
Furthermore, more efficient analgesia can be achieved
by combining systemic and regional techniques (4,5). ~and the possible side effects associated with these drugs
Although many new methods such as serratus plane (4,7-10).

block are used for pain after thoracotomy, TEA and
TPVB are still acknowledged (5). Although the epidural
block technique is considered to be a gold standard for
the treatment of pain after thoracotomy, paravertebral
blockade technique has fewer side-effects (2). So, the this study, we tested the hypothesis that TPVB reduces
paravertebra] blockade is considered to be a good morphine consumption, pain scores, and side effects as
alternative to epidural analgesia (3,4,6). much as TEA after thoracotomy.

of multimodal analgesia to prevent severe pain after
thoracotomy (4). However; the potential side effects
of this agent are a major concern while using it. The
regional techniques used for postoperative pain
management can reduce the morphine consumption

Primary and secondary outcomes were determined as
morphine consumption for postoperative 24 hours,
visual analog scale (VAS) scores, and side effects. In
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MATERIAL AND METHOD

The study was conducted with a randomized, prospective
design after obtaining approval from the Kegioren
Training and Research Hospital Ethics Committee
(Date: 04.02.2013, Decision No: B.10.4.ISM.4.06.68.49/).
All patients were informed about the procedure and
informed consent was also obtained from all patients.
All procedures were carried out in accordance with the
ethical rules and the principles of the Declaration of
Helsinki.

Fifty patients aged 18-65 years who were in the
American Society of Anesthesiologists (ASA) I-III
physical status. Patients were randomly assigned to two
groups as TEA (Group I, n = 25) and TPVB (Group II,
n = 25). Randomization was performed using computer-
generated random numbers. Blinding was performed by
concealing information in closed opaque envelopes.

Patients who have chronic pain, mental illnesses,
anticoagulation therapy, bleeding disorder; alcohol-illicit
drug abuse, allergy to local anesthetics, patients with
infection in the intervention area, and patients who did
not permit regional anesthesia were excluded from the
study.

Midazolam 0.03 mg kg-1 was administered to all patients
intravenously (iv) in the premedication room 30 minutes
before the operation to prevent anxiety. Preoperative
systolic arterial pressure (SAP), diastolic arterial pressure
(DAP), mean arterial pressure (MAP), peripheral oxygen
saturation (SpO:), and heart rate (HR) were monitored.
25 mcg IV fentanyl citrate was given to prevent anxiety
and pain during the regional intervention.

The catheter insertion site was covered with a sterile
technique after the skin was cleaned with povidone-
iodine. Group I received 3 mL of 1% prilocaine for skin
anesthesia, then an epidural catheter (Perifix®, Braun,
Melsungen, Germany) was inserted through the thoracic
(Th) Th5-6 or Th6-7 intervertebral space with median
approach using the hanging drop technique, and the
catheter was advanced 3 cm to cephalad. Later on, the
patients were positioned in the supine position, and 5
ug/ mL-1 (1: 200.000) adrenaline and 3 mL 2% lidocaine
were administered through the epidural catheter to
exclude vascular or intrathecal injection. Group I was
given 5 mL-1 of 0.5% bupivacaine for thoracic epidural
anesthesia. The bilateral blockade was assessed by the
pin-prick test. Infusion of bupivacaine at a concentration
of 0.166% with a 270 mL elastomeric infusion pump was
initiated for epidural analgesia at a rate of 7 mL/h during
and for three days after the operation.

The insertion site was identified as 2.5 cm laterally of the
spinous process at the level of Th5- Th7 and 3 mL of 1
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% prilocaine was applied for skin anesthesia in group II.
The nerve stimulator (Plexygon, Vycon®, Padova, Italy)
was set up at 0.1 ms, a frequency of 2 Hertz, and a current
of 2.5 mA. The 100 mm and 18 gauge (G) peripheral
nerve stimulator needle (Techniplex, Vygon, Ecouen,
France) was advanced. After the transverse process was
felt with the needle, the needle was pulled back and
directed 1 cm towards the upper side of the transverse
process. The current was gradually reduced to 0.5 mA,
and the paravertebral space was expanded with 10 ml of
normal saline after determining that contractions were
present in the intercostal muscles. The catheter was
advanced 3 cm from the needle tip. Then, the catheter
was fixed on the skin. The patients were supine and 5
ug/ mL-1 (1: 200,000) adrenaline and 3 mL 2% lidocaine
were administered through the paravertebral catheter to
avoid vascular or intrathecal injection. Using a pinprick
test, to determine of block level after TPVB. Infusion of
bupivacaine at a concentration of 0.25% with a 270 mL
elastomeric infusion pump was initiated for paravertebral
analgesia at a rate of 7 mL / h during and for three days
after the operation.

Anesthesia induction was performed using 2 mg kg-1
propofol, 0.1 mg kg-1 vecuronium bromide and 1.5
ug / kg-1 fentanyl citrate. Anesthesia management
was maintained with 2-3% sevoflurane in oxygen/
air mixture and fentanyl boluses in both groups. A
0.03 mg kg-1 vecuronium was administered for the
management of neuromuscular blockade. The HR < 50
beats/min which lasted longer than 1 min was defined as
bradycardia and hypotension as 20% decrease compared
to the preoperative value of MAP. The fluid infusion was
increased in case of hypotension. Ephedrine 5-10 mg
IV was administered if there was no response. Atropine
sulfate 0.015 mg kg-1 IV was planned to be administered
in case of bradycardia.

The SAP, DAP, MAP, HR, SpO., visual analog scale (VAS)
measurements; VAS rest (VASR), and VAS coughing
(VASC) scores were recorded on the postoperative 30th
minutes and 1st, 2nd, 6th; 12th, 20th, 24th; 36th, 48th,
and 72nd hours. Pulmonary function test (PFT) (One
Flow Soft V 1.2, Clement Clarke Int, Harlow Essex,
England) was performed on the first, second, and third
postoperative days, and the results were recorded.

In the early postoperative period, patients received 1
mg morphine IV bolus as an additional analgesic until
the first VAS score was less than four, and these were
recorded as additional analgesic requirements. A patient-
controlled analgesia pump, which was programmed to
deliver morphine 1 mg boluses with a lockout interval of
15 min, was attached to the patient for rescue analgesia. A
total of 24 hours of morphine consumption was recorded
for every patient. Each group received dexketoprofen 50
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mg IV every twelve hours and paracetamol 1 gr IV every
six hours on the postoperative first day. Paracetamol
tablets (500 mg) were administered four times a day, and
dexketoprofen tablets (25 mg) twice daily in addition
to paravertebral and epidural infusion on the second
and third postoperative days. Possible side effects such
as hypotension, bradycardia, nausea-vomiting; itching,
urinary retention, sedation, and motor block were also
recorded. The suprascapular block was performed in
case of ipsilateral shoulder pain. The block was applied
to all patients by the same anesthesiologist. VAS follow-
ups of patients were performed by a pain management
nurse; who was blinded to the type of block applied to
the patient.

Statistical Analysis

The distribution of continuous variables was investigated
with the Shapiro-Wilk test. Descriptive statistics were
expressed as meantstandard deviation or median
(minimum-maximum) for continuous variables, and
the number of cases (%) for nominal variables. The
significance of the difference between the groups in
terms of means was investigated with the student’s t-test
and the significance of the difference in terms of median
values was investigated with the Mann-Whitney U
test. Nominal variables were assessed by Pearson’s Chi-
Square, Fisher’s Exact Result Chi-Square, or Likelihood
Ratio test. Analysis of variance was used in repeated
measures in evaluating hemodynamic measurements.
The Greenhouse-Geisser test was used to examine the
importance of group-time interaction. The percentages
of change between the observation times which were
considered clinically important were calculated and
compared among the groups when the group-time
interaction was found to be significant. The results with
a p-value of < 0.05 were considered significant. However,
Bonferroni correction was performed to examine type I
error in all possible sub-analyses.

A sample size of 25 patients by the group was calculated
to detect a significant difference of 20% or more in
morphine consumption with a power of 80% and
a significance level of 5% error to test the statistical
importance by using G-Power for Mac OS X (Universitat
Diisseldorf version 3.1). Data were analyzed using SPSS
(Statistical Package for Social Science) software package
program for Windows 11.5.

RESULTS

In the present study, 76 patients undergoing thoracotomy
were allocated randomly into two groups. 26 patients
were excluded from the study. Fifty patients were eligible
for the study (Figure).

Enroliment Assessed for eligibllity (n = 76)

Excluded (n = 26)

+ Not meeting inclusion criteria (n= 17)
+ Declined to participate (n = 6)

+ Other reasons (n = 3)

Randomized (n = 50)

l [ Allocati ) l
Allocated to intervention (n = 25)
+ Received allocated intervention (n = 25)
+ Did not receive allocated intervention (n = 0)

l Follow-Up l

Lost to follow-up (n = 0)

Allocated to intervention (n = 25)
+ Received allocated intervention (n = 25)

«+ Did not receive allocated intervention (n = 0)

Lost to follow-up (n=0)

Discontinued intervention (n=0) Discontinued intervention (n = 0)

——

Analysed (n =25)
+ Excluded from analysis (n = 0)

+ Excluded from analysis (n = 0)

‘ Analysed (n=25)

Figure. Flow diagram of the participants.

No significant difference was found between the groups
in demographic data, type of surgery, and duration of
surgery (p > 0.05) (Table 1).

Table 1. Demographic and clinical characteristics of the patients

TEA group TPVB Group p
Age(year) 52.2+11.9 47.7£15.0 0.240
Male 16 (64.0%) 18 (72.0%) 0.544
Female 9 (36.0%) 7 (28.0%)
Weight (kg) 71.9£11.8 72.3+12.1 0.906
Height (meter) 1.68+0.08 1.69+0.07 0.669
BMI (kg/m?) 25.3+3.4 25.2+3.4 0.847
Duration of Surgery (min) 180 (75-240) 150 (90-210)  0.555
Intraoperative fentanyl 119.1£25.3 115.3£22.5  0.560
consumption (ug)
Data were presented as meantstandard deviation, median range, or percent. BMI:
l]?l(:)tiiimass index; TEA: Thoracic epidural analgesia; TPVB: Thoracic paravertebral

The morphine consumption was higher in Group II
at the 2nd, 6th, 12th, 20th, and 24th hours (p < 0.05)
(Table 2). Preoperative and postoperative PFT values
were comparable between groups (p>0.05). There was
no significant difference in the postoperative MAP
measurements between Group I and Group II at each
follow-up time (p > 0.005). There was no significant
difference at VASR scores between Group I and Group II
at each follow-up time (p > 0.005) (Table 3). There was
no significant difference between the groups in terms of
VASC scores (p > 0.005) (Table 4).

Table 2. Groups’ cumulative morphine consumption in the first

postoperative 24 hours.

Follow up times TEA group

Mean+SD TPVB group

Mean+SD p

30th min 1.0£0.9 1.5+1.0 0.090
1st hour 2.5£1.7 3.4+1.8 0.081
2nd hour 4.4+3.8 6.6+3.6 0.042*
6th hour 7.4%5.8 12.1+6.4 0.009%
12th hour 10.6+8.3 16.3+9.0 0.023*
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Table 3. Visual Analog Scale scores during rest

VASR Group I Group II

FOlloWUP Meanssp (el | Meanssp Median P
30th min 2.8+2.1 2 (0-7) 4.0£2.2 4(0-7) 0.049
1st hour 1.8+1.4 2 (0-5) 2.6£1.0 3(1-4) 0.020
2nd hour 1.6£1.1 2 (0-3) 2.0£0.9 2(0-3) 0.160
6th hour 1.4+1.0 2 (0-3) 1.9£1.0 2(0-3) 0.112
12th hour 1.1 1.0 1(0-3) 1.6£0.9 2(0-3) 0.055
20th hour 0.9£1.0 1(0-3) 1.4+1.3 1(0-5) 0.204
24th hour 1.21.0 1(0-3) 0.7+0.9 0(0-3) 0.064
36th hour  0.8+0.9 1(0-3) 0.6+0.8 0(0-2) 0.331
48th hour 1.11.1 1(0-3) 0.5+0.7 0(0-2) 0.039
72th hour  0.8+0.8 1(0-2) 0.2+0.4 0(0-1) 0.005
Data presented as mean+Standard deviation and minimum-maximum. TEA: Thoracic
Z[[)]ﬁﬁ;arlez;?algesia; TPVB: Thoracic paravertebral block; VASR: Visual Analog Scale

Table 4. Visual analogue pain scale at coughing.

(VASC) Group I Group II

FOlloWUP Meanssd  iedfan | peanssa  Median P
30th min  2.8+2.1 2 (0-7) 42420  4(1-7)  0.019
1st hour 21+15  2(0-5) 2.0+0.9  3(1-4) 0.034
2nd hour 1.9+1.1 2 (0-4) 2.5+0.7 3(1-3) 0.030
6th hour 1.7+1.1 2 (0-3) 2.4+1.0 3 (1-4) 0.033
12th hour 1.7£1.0 2 (0-3) 2.2+0.9 2 (1-3) 0.075
20th hour 1.7+1.1 2 (0-4) 2.1+14 2 (0-6) 0.512
24th hour 1.7£1.2 1(0-4) 1.5+0.9 1(0-4) 0.705
36thhour  1.5+1.1 1(0-4) 1.2+1.0 1(0-4)  0.403
48th hour  1.6%1.0 1(0-3) 1.0+0.9 1(0-3)  0.028
72th hour  1.4+0.9 1(0-3) 0.7+0.7 1(0-2)  0.006

Data presented as mean+Standard deviation and minimum-maximum.
TEA: Thoracic epidural analgesia; TPVB: Thoracic paravertebral block; VASC:Visual
analogue pain scale at coughing.

20th hour 14.2 +11.1 22.9+13.8 0.018%
24th hour 16.3£11.0 24.5+14.2 0.027*

*(p < 0.05): The results were statistically significant between the groups. Data
presented as mean + standart deviation. TEA: Thoracic epidural analgesia; TPVB:
Thoracic paravertebral block; SD: Standard deviation

Hypotension and bradycardia, which were not
significant, were more frequently observed in Group I (p
> 0.05). One patient in Group I had nausea and vomiting
while two had motor blockade. No itching and urinary
retention were observed in both groups. When patients
were evaluated in terms of ipsilateral shoulder pain 6
patients Group 1, and 2 patients in Group 2 had shoulder
pain (p > 0.05).

DISCUSSION

The present study showed that bupivacaine infusion
through the elastomeric infusion pump had better
analgesic effects in TEA patients who underwent
thoracotomy. However, the complication rate was lower
in the TPVB group than the TEA group.

Effective treatment of acute post-thoracotomy pain
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is very important in terms of patient comfort and
pulmonary functions (10,11). Atelectasis and pneumonia
may develop due to difficulty in breathing and effective
coughing, and the respiratory functions of the patient
may deteriorate postoperatively. The protection of
postoperative respiratory functions after thoracotomy
is crucial to prevent potential complications (10-15).
In a study comparing the effect of TEA and TPVB on
pulmonary functions in patients with post-thoracotomy
pain, spirometry values were better on the postoperative
72nd hour in the epidural group (16).

However, Richardson et al. (10) found that postoperative
pain scores were significantly lower in patients with
preoperative TPVB in thoracotomies and postoperative
pulmonary functions were better preserved in these
patients. Davies et al. (13) reported that respiratory
functions in patients receiving paravertebral analgesia
were statistically better at only 24 hours. Giilbahar et al.
(17) reported no difference in postoperative respiratory
function between the epidural and paravertebral groups
in the study conducted in 44 patients who underwent
thoracotomy. Respiratory functions were comparable
in both groups preserved similarly in the postoperative
period in the present study. This was also supported by
the low requirement and usage of 24-hour morphine.
Thus, impairment of pulmonary function due to the use
of morphine in high doses was also avoided.

The efficacy of TPVB and TEA methods on
hemodynamic parameters was investigated by many
authors. Richardson et al. (14) found that hypotension
was observed more frequently in the TEA group when
compared to the TPVB method. Karmakar (18) stated
that TPVB is a functional method because of the
inhibition of neuroendocrine response to surgery by
unilateral somatic and sympathetic block. Continuous
TPVB administration is a part of balanced analgesia
after thoracotomy and due to the lack of side effects;
it may be a safe alternative to the TEA method which
is considered the gold standard. Lonnqyvist et al. (19)
observed a 4.6% risk of hypotension due to TPVB
catheterization in their trial investigating TPVB
complications on 367 patients. In the present study
even if hypotension was observed frequently in the
TEA group, it was not significant. The high incidence
of hypotension in the TEA group can be attributed to
the TEA-dependent hemodynamic suppression due
to the bilateral blockade of cardiac sympathetic fibers.
Morphine and its derivatives are very effective in the
treatment of severe pain due to thoracotomy. However,
parenteral administration of opioids is known to cause
undesirable effects such as respiratory depression,
nausea, vomiting, decreased intestinal motility, and
increased sphincter tone (20). Postoperative pulmonary
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complications were reported to be 64% after parenteral
opioid administration and 24% in the cases of epidural
analgesia (21). Wu et al. compared the systemic and
epidural administration of opioids. The epidural group
had lower nausea, vomiting, and sedation scores than
the IV opioid group. Nevertheless, complications such
as itching, urinary retention, and motor block were
more common in the epidural group. Although the
mechanism of action was different, the incidence of
nausea and vomiting in epidural and intrathecal opioid
use was claimed to be similar to that of parenteral usage
(22). Complications due to IV morphine administrated
in the postoperative 24 hours were very limited in our
study. Although morphine consumption was higher in
the TPVB group in 24 hours, the average amount of
morphine consumption in both groups was quite low.
We think that low morphine consumption resulted
from multimodal analgesia methods. We also did not
encounter paracetamol and dexketoprofen-related
adverse reactions in both groups.

Messina et al. (16) compared the efficacy of epidural
and paravertebral block in patients undergoing thoracic
surgery. They reported that postoperative IV rescue
morphine use was underestimated and less morphine
consumption was achieved in epidural block cases.
Contrarily, Richardson et al. (14) assessed the efficacy
of epidural block and TPVB in patients undergoing
thoracotomy. Patients in the epidural group needed
additional analgesics. Richardson et al. (10) showed
that postoperative pain scores were significantly lower
in the paravertebral group in another study comparing
postoperative continuous epidural and TPVB methods
after thoracotomy. In our study, morphine consumption
was lower in the TEA group. Considering morphine
requirement, effective analgesia was thought to be
achieved TEA group.

Ipsilateral shoulder pain common complication in post-
thoracotomy patients (23,24). While shoulder pain is
often caused by diaphragm irritation due to surgical
manipulation, inappropriate positioning of the patients
during surgery can also cause shoulder pain. The
non-steroid anti-inflammatory drugs administration,
suprascapular block, intraoperative phrenic nerve block,
or interscalene block might be used for the management
of shoulder pain (23-25). In our study, shoulder pain was
observed in eight out of 50 patients. Six of these patients
were in the TEA group. We performed suprascapular
block in patients with shoulder pain, and pain relief was
provided to all patients.

Compared with the TEA and TPVB studies (2, 3, 10),
the rate of side effects such as hypotension, nausea,
vomiting, bradycardia, and motor block was within

clinically acceptable limits in this study, and there was no
statistically significant difference between the TEA and
TPVB groups. Based on this result, we think that TEA is
still a preferred method in terms of side effects, especially
in patients with thoracotomy.

We have some limitations in this study. First of all the
sample size of this study is small and results may need
to be confirmed with a larger number of subjects. Even
though we evaluate acute postoperative pain, the follow-
up of chronic post-thoracotomy pain that may develop
can give significant results in comparing TEA and TPVB.
In our study, thoracic paravertebral catheter insertion
was not performed under US guidance. However, the
localization was confirmed using a nerve stimulator. In
addition, since the procedure was performed while the
patient was awake, the success of the block was evaluated
with the pinprick test. The location of the catheter in
the intraoperative period was also evaluated by direct
observation.

CONCLUSION

Even if morphine consumption was within the clinically
limits in both groups, patients who received TPVB needed
more morphine doses to achieve sufficient analgesia. We
think that TEA is a good alternative in thoracotomy with
less morphine consumption and clinically acceptable
incidence of side effects.
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ABSTRACT

Objectives: This study was conducted to evaluate two simple and quickly assessed parameters such as shock index (SI) and
lactate to predict in-hospital mortality in multi-trauma patients admitted to the emergency department (ED).

Material and Methods: The study included a total of 93 patients who presented to the ED with multitrauma. In our
retrospective study, SI was calculated by taking blood pressure and pulse values from the files of the patients recorded at the
time of admission to the ED, and lactate values obtained from blood gas were recorded. The results were compared with the
in-hospital mortality rates after admission. SI (p<0.001) and lactate (p<0.001) values in patients discharged as exitus were
significantly higher (p<0.05). The predictive diagnostic value of SI and lactate levels in terms of mortality in the patients
included in the study was analyzed by using ROC curve analysis.

Results: The area under the ROC curve for SI was 0.738. The SI cut-off value for patients’ mortality findings was 1.14. The area
under the ROC curve for the lactate value was 0.941. The lactate cut-off value for mortality findings was 4.5.

Conclusion: In conclusion, SI and lactate values obtained at ED admission can be used to predict mortality in multitrauma

patients.
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INTRODUCTION

Trauma is a public health problem that causes serious
economic and medical burdens worldwide (1). The arrival
of trauma patients with serious injuries, the presence of
many symptoms at the same time, and the rapid and
variable progression of the disease pose the risk of death
at any time. The three distinct death peaks occur within
the first hour in approximately 50% of trauma patients,
within the first 3 hours in approximately 30%, and within
1-4 weeks in approximately 15%. The first two death
peaks with the highest rates occur in the crime scene
and emergency department(ED), where the first few
hours are spent in the early stage of trauma. Therefore,
it is very important to predict early deaths quickly and to
identify high-risk trauma patients to reduce the rate of
trauma-related deaths. Activating the trauma team and
preparing them for surgery as soon as necessary is of vital
importance for the prevention of mortality.
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The data that can be obtained in triage in the ED are vital
parameters. The shock index (SI), which is the ratio of heart
rate to systolic pressure, can be easily calculated based on
vital signs and has proven to be a good predictor in clinical
practice. A study has shown that a high SI value recorded
in the ED increases the probability of both hospitalization
and inpatient mortality in the general adult ED population
(2). Some studies suggest the use of SI to predict the
prognosis of trauma patients (3-5). The increase in SI in
trauma patients mainly indicates acute hypovolemia and
circulatory failure and is significantly associated with
hospitalization, intensive care, mechanical ventilation, and
the risk of mortality (6,3).

It has been reported that determining the treatment
according to the early lactate value reduces mortality in
criticallyill patients (7). Inaddition,lactatehasbeen reported
as a useful prognostic indicator of occult hypoperfusion
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and a predictor of outcome in the acute care setting and
following trauma (8,9). Serum lactate values are commonly
used in the treatment of sepsis and trauma. Serial lactate
measurements are also important during the treatment of
these patients. As lactate has an estimated half-life of 20
minutes, the persistence of lactic acidosis may indicate a
persistent hypoxic state. Serial lactate measurements may
be useful in predicting sepsis and death in trauma patients,
and lactate clearance (using serial lactate measurements)
may provide data on the adequacy of resuscitation and
prognosis for trauma patients (10,11).

Therefore, our study was conducted to evaluate simple,
useful, and quick methods that can quickly predict
mortality in multitrauma patients in the ED. In the study;,
we aimed to investigate the predictions of SI and lactate,
which can be easily and quickly assessed in the ED, in
detecting in-hospital mortality in multitrauma patients.
Thus, we tried to contribute to early diagnosis and
treatment planning with accurate triage in this patient
group with a high mortality rate.

MATERIAL AND METHOD

This study was carried out by reviewing the files of multi-
trauma patients aged 18 and over who visited Balikesir
University Medical Faculty Hospital between February 1,
2019 and December 1, 2021. Approval of the Balikesir
University Medical Faculty Clinical Researches Ethics
Committee was obtained for the retrospective study
(Decision date: 08.12.2021 and issue: 2021/265). All
procedures were carried out in accordance with the ethical
rules and the principles of the Declaration of Helsinki.
Patients who were younger than 18 years of age, had non-
traumatic organic pathologies in addition to trauma, or
were referred to another hospital for any reason were
not included in the study. In the study, patients’ vital
values (beats per minute (BPM), blood pressure (BP),
lactate levels in blood gas) were obtained from archive
records. Data were collected by trained researchers. SI
score was calculated from vital parameters and recorded.
The blood pressure values of all patients were evaluated
with the Erka D.83646 Bad T6lz sphygmomanometer and
blood gas values with epoc Reader 6246 device. Patients’
age, gender, and final results (alive, exitus) during
hospitalization were recorded. Patients whose data were
not available in the records were excluded from the study.

Statistical Analysis

The SPSS (Statistical Package for the Social Sciences)
25.0 software package was used for the statistical
analysis of the data. Categorical measurements were
presented as numbers and percentages, and continuous
measurements as mean and standard deviation values
(median and minimum-maximum where appropriate).
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A chi-square test was used to compare categorical data.
Shapiro-Wilk test was used to determine the normality
of the parameters in the study. The independent samples
t-test was used for normally distributed parameters, and
the Mann Whitney U test was used for non-normally
distributed parameters. The sensitivity and specificity
values of SI and lactate values were calculated based on
the mortality findings of the patients included in the
study, and the cut-off value was determined by examining
the area under the ROC curve. Statistical significance
level was taken as p<0.05 in all tests.

RESULTS

Most of the patients admitted to the ED are caused by
traffic accidents. The rates of admission to the ED and
mortality are given in Figure-1.
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Figure-1: Causes of trauma and in-hospital mortality rates according
to the cause

Demographic and basic characteristics of the patients are
as in the table (Table-1). SI (p<0.001) and lactate level
(p<0.001) findings were significantly higher in patients
who were exitus (p<0.05). It was observed that the lactate
level (p<0.001) and SI value (p<0.001) of the patients who
were exitus were significantly higher than the patients
who survived (p<0.05) (Table-2).

Table 1. Demographics and baseline characteristics of patients

Alive (n=80) Dead (n=13) Total (n=93)
n(%) n(%) n(%)
Gender
Male 61 (76.3) 9 (69.2) 70 (75.3)
Female 19 (23.8) 4(30.8) 23 (24.7)
Age 43.1+17.1  50.0+21.8 44.0+17.8
39 (20-89) 45 (22-81) 40 (20-89)
Pulse rate 92.3+17.9 112.9+16.4 95.2+19.1
92 (44-130) 115 (67-132) 95 (44-132)
Systolic pressure 121.8+23.8  112.5+31.8 120.5+25.1
120 (60-185) 100 (70-166) 120 (60-185)
Diastolic pressure 74.0+14.8 71.5%18.3 73.7%15.3
70 (40-118) 70 (50-109) 70 (40-118)
Lactate level 2.37+1.3 8.95+3.5 3.29+2.9
2.4(0.5-6.6) 87(12-142) 2.4(0.5-14.2)
Data given as *mean+standard deviation, &median (minimum-
maximum) or #n (%)
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Table 2: Comparison of patient characteristics in terms of in-hospital

mortality

Alive (n=80) Dead (n=13) Total (n=93) P
n(%) n(%) n(%)

Shock Index (SI)
Low 72 (90) 6 (46,2) 78 (83,9)

<0,001
High 8 (10) 7 (53,8) 15 (16,1)
Lactate Level
Low 77 (96,3) 1(7,7) 78 (83,9)

<0,001
High 3(3,8) 12 (92,3) 15 (16,1)
Lactate 2,37£1,3 8,95+3,5 3,29+2,9 <0.001
level 2,4(0,5-6,6) 87 (1,2-142) 2,4 (0,5-14,2) ’
Shock 0,79+0,25 1,08+0,36 0,83+0,28 <0.001
Index (SI) 0,74 (0,34-1,67) 1,2 (0,64-1,86) 0,76 (0,34-1,86) ?

The predictive diagnostic value of SI and lactate levels in
terms of mortality in the patients included in the study
was evaluated by the ROC curve analysis. The area under
the ROC curve for SI was 0.738 (95% confidence interval
(CI): 0.637-0.824; p=0.002). The SI cut-off value for
patients’ mortality findings was 1.14 (specific: 53.85%,
95% CI: 25.1-80.8, sensitive: 91.25%, 95% CI: 82.8-96.4).
The area under the ROC curve for lactate was 0.941 (95%
CI: 0.873-0.979; p<0.001). The lactate cut-off (threshold)
value for mortality findings was 4.5 (specificity: 92.31%,
95% CI: 64.0-99.8, sensitivity: 96.25%, 95% CI: 89.4-99.2)
(Table-3, Figure-2, Figure-3).

Table 3. ROC curve analysis results for SI and lactate

Shock Index (SI) Lactate Level
AUC 0.738 0.941
95%-Cl (%) 0.637-0.824 0.873-0.979
Cut-off >1.14 >4.5
Specificity 53.85 92.31
95%-Cl (%) 25.1-80.8 64.0-99.8
Sensitivity (%) 91.25 96.25
95%-Cl (%) 82.8-96.4 89.4-99.2
P 0.002 <0.001

AUC: Area under the curve, CI: Confidence interval
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Figure-2: ROC curves of SI for hospital mortality
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Figure-2: ROC curves of SI for hospital mortality

DISCUSSION

Our study defined the use of SI and lactate as an
independent predictor of mortality in multitrauma
patients in the ED. The use of SI and lactate may be
considered as a good choice for the assessment and triage
of the severity of multitrauma patients in the ED.

The SI is a classical indicator that is more sensitive than
traditional vital signs for assessing shock. Numerous
studies have been conducted on the practical value of SI
in trauma patients in recent years. A retrospective cohort
study of 16269 trauma patients elucidated the relationship
between prehospital SI and hospital stay, length of stay in
intensive care and mechanical ventilation, and the use of
blood products. It has been shown that patients with an SI
value of > 0.9 have a higher risk of transfer to the intensive
care unit, emergency surgery, or death (3). A study of
1419 patients indicated that after fluid resuscitation with
1 liter of crystalloid, patients with a high SI value had a
higher blood transfusion demand, higher mortality, and
worse outcomes (12). This result was also confirmed by a
study showing that there would be a significant increase
in mortality if the SI did not improve within six hours
(13). One study reported that an abnormally elevated SI
measured at any time indicated that trauma patients had
a higher risk of death within 28 days (14). Charlie et al.
(15) reported that an SI value of >0.9 predicted a worse
prognosis after trauma. All of these studies highlight the
finding of a statistically significant association between
SI'and mortality in trauma patients. In our study, SI>1.14
was found to be significant in terms of predicting
mortality in multitrauma patients. The use of SI as an
indicator of severity and poor prognosis in trauma
patients is indisputable, and abnormally high levels often
indicate a worse outcome in trauma patients. However,
in our study, it was evaluated to determine in-hospital
mortality, not premature death at the time of stay in the
ED.
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Lactate has been shown to be a prognostic biomarker in
trauma, even in patients with normal vital signs (16,17).
This relationship has been confirmed in experimental
studies (18,19). High blood lactate levels have been
demonstrated in all types of shock (20). Alcohol or drug
use, which is frequently encountered in trauma patients,
does not change the estimation accuracy of baseline
blood lactate levels (21). In our study, we observed that
in-hospital mortality increased in multitrauma patients
with a lactate value of >4.5. Also, in our study, in-hospital
mortality was evaluated, not early mortality in the ED.

CONCLUSION

When SI and lactate parameters were used separately at
the first admission to the hospital for a condition with
high mortality such as multitrauma, it was observed that
they predicted mortality significantly. We argue that early
examination of these parameters in multitrauma patients
admitted to the ED can determine the severity of the
condition and may guide the patient management.

Limitations

Our study is retrospective, and it was conducted with a
limited number of patients in a single center. We think
that it is necessary to support our results with multicenter
studies to be conducted with a larger patient population.
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ABSTRACT

Introduction: Arterial blood gases are tests that provide reliable information about the metabolic and respiratory status of patients. In traditional
methods, arterial blood gases are evaluated by calculating the bicarbonate concentration and anion gap in the plasma. Since ICU patients almost
always have protein and electrolyte disorders, a different method has been suggested instead of the traditional method that neglects electrolyte
and protein in the evaluation. In the mathematical model described by Stewart and modified by Figge et al., 4 types of respiratory failure were
defined according to their pathophysiology: hypoxemic (type 1), hypercapnic (type 2), perioperative (type 3), and hypoperfusion-induced
respiratory failure in shock patients (type 4). The study aims to evaluate the arterial blood gases of intensive care patients with type 1 and type 2
respiratory failure with the Stewart method and compare them with the traditional method.

Material and Method: In the study, serum BUN (blood urea nitrogen), creatinine, glucose, sodium, chlorine, serum BUN (blood urea nitrogen)
of 106 patients diagnosed with type 1-2 respiratory failure. Together with potassium, magnesium, albumin values, pH, pCOz2, pO2, HCOs3, base
deficit, and lactate values studied in arterial blood gas sample were determined and evaluated according to the Stewart method.

Results: The length of stay of the patients in the intensive care unit was determined as 17.48+10.58 (minimum 6-maximum 68) days. It was
determined that 74 (69.8%) of the patients were discharged and 32 (30.2%) died. When the blood gases and laboratory values of the patients were
compared according to the clinical outcomes of the patients, no statistically significant correlation was found between the patients’ mean pH,
pCO:z, HCO:s, base deficit, pO2, albumin, lactate, creatinine, glucose, potassium, and chlorine values and the patients’ discharge or death. BUN
values of patients who died were found to be higher than those who were discharged. A statistically significant difference was found between the
development of hypoalbuminemia and the length of stay in the intensive care unit. It has been determined that the treatment costs of patients
with severe hypoalbuminemia are higher than other patients. The length of stay in the intensive care unit of the patients who did not develop
acidosis was found to be statistically significantly lower than the patients who developed metabolic and respiratory acidosis.

Conclusion: While a significant relationship was found between albumin levels, which has an important place in the Stewart method, and the
length of stay in the intensive care unit, no relationship was found between albumin levels or lactate levels and mortality. However, increased
BUN values were associated with mortality. As the albumin value decreases in patients with hypoalbuminemia, treatment costs increase. There
is a need for larger multicenter studies with a larger sample group that will evaluate metabolic status with the Stewart method and investigate its
relationship with mortality.

Keywords: Arterial blood gas, respiratory failure, Stewart method

INTRODUCTION

Respiratory failure is a syndrome characterized by the
deterioration in the ability of the respiratory system to

respiratory failure require treatment in the intensive
care unit (2,3).

maintain its functions. and the inability of the tissues
to provide oxygen (O2) or to remove carbon dioxide
(CO2) to meet their needs (1). Many diseases can cause
respiratory failure with different physio pathological
mechanisms. Most of the patients who develop
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Units. where unstable patients who require intensive
treatment and observation are accepted. are intensive
care units. Most of the patients followed in the intensive
care unit (ICU) have respiratory failure due to infection
or inflammation such as pneumonia, acute respiratory
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distress syndrome (ARDS) (2,3). In most cases of
respiratory failure, hypercapnia, hypoxia, apnea, and
related complications are observed. Therefore, respiratory
support treatments are needed and used (4).

Data on the incidence of respiratory failure in the ICU are
insufficient. According to the results of studies conducted in
Europe, the frequency of patients treated with mechanical
ventilation for more than 24 hours in ICUs is estimated to
be 77.6-88.6/100000 years (5). In the USA, the prevalence
of respiratory failure was found to be 137/100000 years,
and its incidence was 360000/year (6).

Respiratory failures can be classified under three
headings according to their clinic, onset time, and
pathophysiology. According to his clinic; It can be
subdivided into hypoxemic, hypercapnic, and combined
respiratory failure. According to the onset time, acute
respiratory failure can be grouped as acute, chronic, and
chronic. According to its pathophysiology, four types of
respiratory failure can be defined, Type 1; hypoxemic
respiratory failure, Type 2; hypercapnic respiratory
failure, Type 3; perioperative respiratory failure, and Type
4 is defined as respiratory failure due to hypoperfusion
developing in patients in shock (1).

Arterial blood gas is one of the important laboratory
methods that provide reliable information about the
metabolicand respiratory status of patients. Arterial blood
gas analysis is performed using blood gas measurement
devices. With these devices, pH, partial carbon dioxide
pressure, partial oxygen pressure is measured using
electrodes; bicarbonate, oxygen saturation, and base
deficit are calculated. Metabolic acidosis is one of the
acid-base disorders that we see frequently in intensive
care units (7).

Patients with severe sepsis or septic shock admitted to
the intensive care unit present a wide spectrum of acid-
base disturbances, the most common being metabolic
acidosis. The presence of metabolic acidosis is associated
with higher morbidity and mortality in the intensive care
unit (8).

In general, acid-base disturbances are analyzed
according to conventional methods that include the
determination of base excess, bicarbonate concentration
in plasma, and anion gap. When an only simple acid-
base disturbance is present. the conventional method is
sufficient. However, it does not give detailed information
about the source of the problem. The calculation of base
deficiency is a calculated figure that assumes normal
plasma protein and electrolyte contents and ignores the
role of non-bicarbonate buffers in the blood. Therefore,
the conventional interpretation can be clinically
misleading, as electrolyte or protein abnormalities are
almost always present in ICU patients. An alternative to

this traditional model is the mathematical model based
on physicochemical principles described by Stewart and
modified by Figge et al. (8,9).

This study aims to create a different perspective in the
follow-up and treatment of patients by evaluating acid-
base disorders with Stewart analysis in the patient
population with respiratory failure hospitalized in the
intensive care unit.

MATERIAL AND METHOD

Ethical approved this study by Ethics Committee of
Atatiirk Sanatoryum Training and Research Hospital
(Date: 13.09.2019, Decision No: 1953). All procedures
were performed adhered to the ethical rules and
principles of the Helsinki Declaration. This study was
conducted by evaluating the arterial blood gases of 106
patients diagnosed with type 1-2 respiratory failure
between January 2019 and August 2019. Serum BUN,
creatinine, glucose, sodium, chlorine, potassium,
magnesium, albumin values of the patients as well as
pH, pCO2, pO2, HCOs, base deficit, and lactate levels
studied in arterial blood samples were evaluated. ABG
evaluation was made using the Stewart method on the
website www.acidbase.org, and an interface that was
standardized and turned into a ‘calculator’ was used.

In our study, patients’ arterial blood gases, lactate,
BUN, creatinine, glucose, sodium, chlorine, potassium,
magnesium, albumin values, additional diseases, length
of stay in the intensive care unit, treatment costs were
recorded retrospectively, and those who were discharged
from the intensive care unit and those who died while
in the intensive care unit, was also recorded. The
relationship between arterial blood gases evaluated by
the Stewart method and other parameters was evaluated.

Inclusion criteria in the study;
oIntensive care patients diagnosed with type 1-2

respiratory failure

«Patients with respiratory failure hospitalized directly
from the emergency department

oPatients who were transferred to chest intensive care
from any service or a higher-level intensive care unit
Exclusion criteria from the study;

oPatients with missing data
oIntensive care patients other than respiratory failure

Statistical Analysis

In our study, the data were evaluated in the IBM SPSS
Statistics 22.0 statistical package program. As descriptive
statistics. the number of units (n), percent (%),
mean+standard deviation (x+ss), and median values are
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given. The normal distribution of the data of numerical
variables was evaluated with Shapiro Wilk. normality
test. and Q-Q charts. Mann-Whitney U and Kruskal
Wallis analyses were used to compare the groups.
Spearman correlation analysis was used to determine
the relationship between two numerical values. A p<0.05
value will be considered significant in statistical analysis.

RESULTS

The patients included in the study, 63 (59.4%) were male
and 43 (40.6%) were female. The mean age of the patients
was 70.36+10.5 (minimum 49- maximum 90) years.
The mean age of women was 73.60+9.94 years, and the
mean age of men was 68.14+10.37 years; the mean age of
women was statistically significant and higher than the
mean age of men (Table 1).

Table 1. Age distribution by gender

MeantStandard Deviation Median z P
Female 73.60+9.94 74.00
-2.476 0.013
Male 68.14£10.37 67.00
Age (total) 70.36+10.5 69.50

The mean values of arterial blood gases (pH, pCOx,
HCOs, BE, pOa, Lactate), BUN, creatinine, glucose,
albumin, sodium, potassium, magnesium, chlorine of the
patients is given in Table 2.

Table 2. Mean blood gas and blood biochemistry values of the
patients

MeantStandard Median Min.-Max.
Deviation

pH 7.40+0.61 7.40 (7.29-7.57)
pCO:2 57.2+14.62 56.10 $(29.4-94)
HCOs 33.95+7.59 33.65 (15.9-60.7)
BE 7.78+6.23 7.20 (-5.4-30.7)
pO: 61.994+24.72 57.15 (25.7-192.8)
Lactate 1.2+0.66 1.01 (0.02-3.56)
BUN 24.68+15.49 20.50 (8-86)
Creatinin 0.94+0.44 .80 (0.43-3.78)
Glucose 132.76+67.08 113.00 (54-446)
Albumin 29.86+4.68 29.60 (18.3-40.8)
Sodium 139.91+4.36 141.00 (123-152)
Potassium 4.23+0.67 4.26 (2.7-6.19)
Magnesium 1.92+0.31 1.90 (1.2-2.6)
Chlorine 96.03+5.73 97.00 (80-111)
Min: minimum. Max: maximum BUN: Blood Urea Nitrogen

It was determined that 74 (69.8%) of the patients were
discharged and 32 (30.2%) died. A statistically significant
difference was found between BUN values according to
the clinical outcome (death-discharge). The BUN value
of the group that died was found to be higher than the
group that survived (Table 3).
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Table 3. Mean blood gas values according to the clinical outcome
of the patients

Discharged Death

deviation Median  GCTRESN  Median P
pH 7.4+0.1 7.4 250.9+1.333.8 7.4 0.647
pCO:2 57.2+15.8 55.1 57.1+11.7 57.1 0.915
HCOs 34+8.1 33.7 33.9+6.4 339  0.736
BE 7.616.6 7.2 8.3+5.4 8.0 0.384
pO:2 62.1£25.1 57.4 61.7£24.2 535  0.836
Lactate 1.2+0.7 1.0 1.1£0.5 1.1 0.818
BUN 22.9+14.1 19.0 28.8+17.8 24.5  0.035
Creatinine 0.9£0.5 0.8 0.9+0.4 0.9 0.318
Glucose 127.3£50.2  114.5 145.4+95.2  105.5 0.853
Albumin 30.2+4.5 30.1 2945.1 29.1 0.224
Sodium 139.7+4.3 141.0 140.4+4.6 141.0 0.174
Potassium 4.2+0.6 4.2 4.31£0.8 4.3 0.445
Magnesium ~ 1.9+0.3 1.9 1.9£0.3 1.9 0.718
Chlorine 95.9+6 97.0 96.3+5.1 97.0  0.548

The comorbidities of the patients were examined. it was
determined that 96 (89.7%) of them were COPD, 48
(44.8%) were hypertension, 28 (26.1%) were heart failure.
Other additional diseases are given in Table 4.

Table 4. Additional Diseases of the Patients

n(%)
Chronic obstructive pulmonary disease 96 (89.7)
Hypertension 48 (44.8)
Heart failure 28 (26.1)
Additional  Diabetes mellitus 27 (25.2)
Disease Coronary artery disease 16 (14.9)
Pulmonary thromboembolism 9 (8.4)
Pneumonia 9(8.4)
Chronic kidney disease 5(4.6)

A moderate and negative correlation was found
between pH value and pCO:2 and potassium (p=-
0.557 p=-0.409, respectively). A weak and negative
correlation was found between pCO: and lactate,
creatinine and chlorine (p=-0.391 p=-0.201 p=-0.328,
respectively). There was a weak positive correlation
between pCO: and sodium (p=0.336). and a good and
positive correlation between pCO2 and bicarbonate
(p=0.773). A weak and negative correlation was found
between pOQO2, albumin, and potassium (p=0.277.
p=0.279. respectively). There was a weak and negative
correlation between HCOs, lactate, and creatinine
(p=-0.394. p=-0.270, respectively), and a moderate
negative correlation between HCOs and chlorine (p=-
0.565). There was a weak and negative correlation
between albumin and BUN (p=-0.232), and a weak and
positive correlation between albumin and potassium
(p=0.293) (Table 5).
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Table 5. Correlations of pH. pCO2. pO2. HCOs. Lactate. Albumin values

Ph pCO: pO: HCOs Lactate Albumin
pH -
pCO:2 -0.557%* .
pO2 -0.081 -0.031 -
HCOs -0.173  0.773**  -0.150 -
Lactate 0.209*  -0.391**  0.057  -0.394** -
Albumin -0.110 -0.184 0277  -0.212* 0.187 -
BUN -0.102 -0.005 -0.068 -0.116 0.054 -0.232*
Creatinine 0.013 -0.201*  -0.052  -0.270** -0.016 -0.014
Na -0.090  0.336**  0.037  0.342**  -0.179 -0.123
K -0.409**  0.095  0.279**  -0.184 0.139 0.293**
Mg -0.012 0.020 0.165 -0.041 0.031 -0.005
Cl -0.083  -0.328** 0.020 -0.565**  0.089 -0.022
*p<0.005, **p<0.01

A statistically significant difference was found between the
development of acidosis in the patients and the treatment
costs (p=0.038). The cost of treatment of patients who did
not develop acidosis was found to be statistically significant
and lower than patients who developed metabolic
and respiratory acidosis. A statistically significant
correlation was found between hypoalbuminemia in
patients and treatment costs (p=0.005). The patients with
hypoalbuminemia were evaluated as mild-moderate-
severe, a statistically significant relationship was found
between the severity of hypoalbuminemia and the cost of
treatment, In the post-hoc test performed to find the group
that made the significant difference, the patient group with
severe hypoalbuminemia (serum albumin value < 15 g/L)
was found to have higher treatment costs than the other
groups (p=0.005). Treatment costs increase significantly as
albumin levels decrease in patients with hypoalbuminemia
(Table 6).

The mean length of stay of the patients in the intensive
care unit was determined as 17.48+10.58 (minimum
6-maximum 68) days.

A statistically significant difference was found between
the development of acidosis and the length of stay in the
intensive care unit. A statistically significant difference was
found between the development of hypoalbuminemia and
the length of stay in the intensive care unit (p=0.009). The
patients who developed hypoalbuminemia were evaluated
within themselves, a statistically significant relationship
was found between the severity of hypoalbuminemia and
the length of stay in the intensive care unit. In the post-hoc
test performed to find the group that made the significant
difference, it was determined that the patient group with
severe hypoalbuminemia (serum albumin value < 15 g/L)
had longer intensive care unit stays than the other groups
(p=0.009) (Table 7).

Table 7. Comparison of metabolic status and length of stay in intensive care

unit

Mean Median p* P
None 12.08+11841 10.00

Acidosis Metabolic 16.59+15980 14.00 0.357  0.040
Respiratory 18.61+36434 15.00
None 16.6+£12359  15.00

Alkalosis  Metabolic 17.65£30956 15.00 0.962 0.919
Respiratory 15.2+30376  16.00
None 17.43£9.96  16.00
mild - 1544489  12.00
hypoalbuminemia

Albumin 0.009 <0.001
Lnyiizrl;tjminemia 19214947  19.50
;;;eszlbummemia 52542192 52.50

*Mann Whitney U. **Kruskall Wallis

No statistically significant correlation was found between
the metabolic status of the patients (acidosis, alkalosis,
hypoalbuminemia) and their clinical outcomes (Table 8).

Table 8. Comparison of metabolic status and clinical outcome

Discharged n(%) Deathn(%) P

Table 6. Comparison of metabolic status and treatment costs

Mean Median P* P
None 10119.08+ 5.428.00
8.587.21
et Metabolic 15089.47+  12.760.00
Acidosis 951571 0.691  0.038
Respiratory 15840.21+  13.196.00
9.146.63
None 13874.2+ 8.216.00
15.015.89
. Metabolic 15050.12+  12.641.50
Alkalosis 9.198.01 0.443  0.459
Respiratory 15548.4+  15.668.00
2.469.89
None 18.985.00+  15.346.00
11.646.83
mild 13.034.43+  10.424.00
. hypoalbuminemia  8.571.62
Albumin 0.005 <0.001
moderate 16.530.50+  15.120.00
hypoalbuminemia  8.003.92
severe 37.912.00+  37.912.00
hypoalbuminemia  2.081.72

*Mann Whitney U. **Kruskall Wallis

Acidosis

Alkalosis

Albumin

None

Metabolic
Respiratory

None

Metabolic
Respiratory

None

mild
hypoalbuminemia
moderate
hypoalbuminemia
severe
hypoalbuminemia

9(69.23)
13(76.47)
52(68.42)
4(80)
65(67.71)
5(100)
5(71.43)

47(74.6)
21(61.76)

1(50)

4(30.77)
4(23.53)
24(31.58)
1(20)
31(32.29)
0(0)
2(28.57)

16(25.4)
13(38.24)

1(50)

0.843*

0.237**

0.458**

*Chi-square test. **Fisher’s Exact Test

DISCUSSION

A change in patients’ pH indicates that there must be a
change in one of the independent variables (strong anion
and cation) and cannot simply be explained by the influx
of hydrogen ions or bicarbonate into body fluids (10). An
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analysis of the complex acid/base disturbances commonly
seen in critically ill patients can be performed using the
approach that includes weak acids (10). The moderate-
negative correlation between pH value and pCO2 and
potassium in our study supports this approach.

In a study conducted in respiratory intensive care patients
at Trakya University, it was reported that 43% of the
patients had COPD, 36% had severe pneumonia/sepsis
+ multi-organ failure, 7% had a massive pulmonary
embolism, and 5% had acute respiratory distress
syndrome. In this study, mortality rates were reported
as 32% (11). In Canakkale in 2014, 19% of the primary
care intensive care patients had COPD, 8% had diabetes
mellitus, 23% had hypertension, 9% had coronary artery
disease, 14% had congestive heart failure, and 9% had
chronic kidney disease co-diagnoses (12). Between 2014
and 2016, the diagnosis of hypertension (61%), coronary
artery disease (27%), diabetes mellitus (27%). Alzheimer’s
25%, 23% congestive heart failure, 20% previous CVA in
the intensive care unit patients of sepsis patients in Ankara
was available (13). In our study, 89% of the patients had
COPD, 45% had hypertension, 26% had heart failure, 25%
had diabetes mellitus, 15% had coronary artery disease,
and 8% had pulmonary thromboembolism. Although
the general rates vary, comorbid conditions are similar
in the admission of patients to the intensive care unit or
among the patients admitted to the intensive care unit.

In the study of Uggun et al. (14), it was emphasized that
there was no significant difference between the mean pH
values of patients who survived in the intensive care unit
(pH=7.240.6) and the pH values of patients who lost their
lives. In another study, it was reported that there was no
statistically significant relationship between pH values
of patients who died and survived (11). In our study,
the mean pH value was found to be 7.4+0.1 in patients
who survived and died. The difference between the pH
values found in the study of Uggun et al. and our study
may be due to the effect of differences in patient profiles
on metabolic conditions (such as cancer cases). The fact
that the pH values of the deceased and surviving patients
were the same suggested that metabolic disorders may
not be the main cause. even if metabolic processes were
effective in the death of the patients.

In a study conducted in intensive care patients in China
(n: 1003), it was emphasized that the albumin value was
statistically higher in surviving intensive care patients
(15). In a study examining the relationship between
albumin values and mortality in intensive care trauma
patients (n:200), a significant relationship was found
between albumin and mortality. It was reported that the
albumin values of the patients who died were found to
be lower (16). In a study conducted in the respiratory
intensive care unit of Trakya University, it was reported
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that albumin values were found to be lower in deceased
patients than in surviving patients (11). In our study,
the mean albumin value of the surviving patients was
30.2+4.5, while the mean albumin value of the deceased
patients was 29+5.1. No statistically significant difference
was found between the two groups. While albumin values
were associated with mortality in trauma patients, it was
thought not to be associated with mortality in respiratory
intensive care patients. In our study, no relationship was
found between albumin value and clinical outcome. In
our study; a statistically significant relationship was found
between albumin and the length of stay in the intensive
care unit. Patients with severe hypoalbuminemia were
found to have longer intensive care unit stays. Due to
albumin being a negative acute phase reactant, as the
amount of inflammation in the patient increases, the
albumin value may decrease and the length of stay in the
intensive care unit may be prolonged. Or, depending on
the severity of the metabolic events in the patient, the
albumin value may have decreased and these metabolic
events may have prolonged the intensive care unit stay of
the patient.

In a study examining the relationship between lactate
levels and mortality in 200 trauma patients in the intensive
care unit, a significant relationship was found between
lactate and mortality. It was reported that the lactate
values of patients who died were found to be higher (14).
In our study, no significant difference was found between
the lactate values of the patients who survived and those
who died. The reason why lactate values, which were
not included in the Hasselbach calculation method and
were included in the SID calculation, were not found
to be statistically significant in our study may be due to
the fact that patients with metabolic problems. such as
kidney failure and severe traumas, were not included
in our study. Conditions and diseases in which lactate
is elevated are well known. In the foreground, sepsis is
one of the most important causes of lactic acidosis. Apart
from this, inotropic infusion, metformin toxication,
diseases causing peripheral circulatory disorders, etc.
conditions such as can increase lactate. Since all of these
conditions require 3¢ level intensive care treatment, it
may be natural that lactate does not make a significant
difference in terms of mortality in the 274 level respiratory
intensive care unit where the study was conducted.

In a study by Uggun et al. (14) it was stated that there
was no significant difference between the mean POz and
PCO:2 values of surviving patients when compared to
the values of deceased patients. In a study conducted in
the respiratory intensive care unit, it was reported that
no significant correlation was found between PaO2 and
PaCO: values in patients who died and survived (11).
Similar to the literature, in our study, no significant
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difference was found between the mean PaCO:z and PaO:
values of the discharged and deceased patients.

In a study by Uggun et al. (14), it was stated that there was
no significant difference between the mean leukocyte,
hematocrit, thrombocyte, glucose, Na, K, albumin
values of the patients who survived in the intensive
care unit and the laboratory values of the patients who
died. In the same study, it was emphasized that the
mean pH and HCOs values of surviving patients were
statistically lower than those of deceased patients. It was
emphasized that the mean BUN and LDH values of the
surviving patients were statistically lower than those of
the deceased patients. In our study, no difference was
found between discharged and deceased patients in the
HCO:s, BE, lactate, creatinine, glucose, albumin, sodium,
potassium, magnesium, chlorine values of the patients.
BUN values of the patients who died were found to
be significantly higher than those of the patients who
survived. BUN values were thought to be more successful
than other laboratory values in predicting the probability
of mortality in patients.

In our study. the average length of stay in the intensive
care unit was found to be 17 days.

In the study of Bryikli et al. (13), the 30-day mortality
rate of intensive care patients was reported as 45%. In this
study, it was reported that age, lactate, and SpO: did not
affect 30-day mortality.

Mortality rates were found to be 40% in male patients and
45% in females in patients with acute respiratory failure
followed in the intensive care unit (n:508) in Berlin (17).
In our study, mortality rates in patients with respiratory
failure followed in the intensive care unit were found
to be 35% in male patients and 25% in female patients.
These data show that the mortality rate is close to each
other in both genders.

In a study conducted in Shanghai, the 30-day mortality of
intensive care patients diagnosed with sepsis-associated
pneumonia was reported as 33%(18). The rate of patients
followed up with pneumonia in our study was 9% of the
patients included in the study, and all of the patients
were discharged, no mortality was detected. Due to the
insufficient number of patients with pneumonia, it may
be misleading to state the mortality rate in patients with
pheumonia.

It was emphasized that the mortality rate of patients with
lung injury was found to be 36% in patients with acute
respiratory failure in Berlin (17). All patients participating
in our study had acute or chronic lung disease and the
mortality rate was found to be 30%.

CONCLUSION

While a significant relationship was found between
albumin levels, which has an important place in the
Stewart method, and the length of stay in the intensive
care unit, no relationship was found between albumin
or lactate levels and mortality. However, increased BUN
values were associated with mortality. As the albumin
value decreases in patients with hypoalbuminemia,
treatment costs increase. There is a need for larger
multicenter studies with a larger sample group that will
evaluate metabolic status with the Stewart method and
investigate its relationship with mortality.
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ABSTRACT

Introduction: Malnutrition is a common and important problem in HD Hemodialysis (HD) patients. Malnutrition occurs due
to various factors increases the risk of morbidity and mortality in HD patients. The Controlling Nutritional Status (CONUT)
score has been designed to assess the nutritional status in patients. In addition, the relationship between the CONUT score
and mortality has been investigated. We aimed to investigate the effectiveness of the CONUT score in predicting mortality in
HD patients.

Material and Method: The data of 110 patients who started HD between 2017-2021 were analyzed retrospectively. From the
laboratory parameters were evaluated before starting the first hemodialysis treatment. The CONUT score was calculated based
on lymphocyte count, total cholesterol levels, and serum albumin levels. The patients were divided into two groups as CONUT
score <4 and CONUT score >5. The groups were compared regarding these parameters.

Results: The data of 110 hemodialysis patients were analyzed. 58 (52.7%) of these patients were male. The mean age of the
patients was 53.18+17.10 years. There were 49 (44.5%) patients with a CONUT score of <4 and 61 (55.5%) patients with a
CONUT score of >5. 35 patients (13.9%) died. Among 35 all-cause deaths, 4 (11.4%) were occurred in the low CONUT group,
and 31 (88.6%) were occurred in the high CONUT group (p<0.001). According to Kaplan-Meier analysis, the high CONUT
group had significantly higher all-cause mortality (p<0.001) than the low CONUT group. According to the correlation analysis,
there was a positive correlation between the CONUT score and mortality (p<0.001). In the multivariate Cox regression analysis,
all cause of mortality was independently correlated to age, gender (male) and CONUT score (p: 0.010, p: 0.038 and p < 0.001,
respectively). According to the ROC curve analysis, the optimal cut-off value of CONUT score in Hemodialysis HD patients
was found at 4.5.

Conclusion: We concluded that the higher the CONUT score, the worse the nutritional status in hemodialysis patients, and
may be associated with worse clinical outcomes. It is extremely important to evaluate the nutritional status at regular intervals,
to detect malnutrition early and to follow up the results in HD patients. We think that CONUT score can be useful in predicting
mortality risk for HD patients in clinical practice.

Keywords: Malnutrition, hemodialysis, mortality, CONUT score

INTRODUCTION

Hemodialysis (HD) is the most preferred renal replacement

recommend frequent assessment of nutritional status in
patients with ESRD (4).

therapy (RRT) method for patients with end-stage renal
disease (ESRD). Worldwide, HD forms for 89% of RRTs
(1). Nutrition is an important issue in patients undergoing
HD. While malnutrition is detected in approximately one
third of these patients, the probability of encountering
malnutrition increases as the duration of hemodialysis
increases (2). Malnutrition occurs due to various factors
reduces the quality of life (3) and increases the risk of
morbidity and mortality in HD patients. The guidelines
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It is important to evaluate the nutritional status at regular
intervals and to determine malnutrition in the early period
in HD patients. To establish the risk of malnutrition, a
simple, inexpensive, and rapid screening tool should be
used. Controlling Nutritional Status (CONUT) score is
a screening tool calculated with laboratory parameters.
These parameters are serum albumin level, total cholesterol
level and lymphocyte count. CONUT score has been used
to detect malnutrition in many diseases. In addition,
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studies have shown that the CONUT score can be used as
an independent predictor of mortality (5,6).

Malnutrition is a common and important problem
in HD patients. Early screening of malnutrition and
implementation of necessary nutritional interventions in
this population are very important since reducing morbidity
and mortality rates (2). To the best of our knowledge, no
study has been performed on the prognostic significance of
the CONUT score in HD patients. In our study, we aimed
to investigate the effectiveness of the CONUT score in
predicting mortality in HD patients.

MATERIAL AND METHOD

The data of patients with ESRD initially undergoing HD
at two different hemodialysis units between January
2017 and December 2021 were analyzed retrospectively.
Patients under the age of 18, with missing data, malignancy
or hematological disease were excluded from the study.
110 patients over the age of 18 were included in the study,
regardless of gender. Demographic characteristics of
the patients (age, gender), laboratory parameters were
collected from the hospital database. From the laboratory
parameters before starting the first hemodialysis treatment;
leukocyte count, lymphocyte count, hemoglobin, serum
urea, creatinine, albumin, corrected calcium, phosphorus,
uric acid, total cholesterol, HDL High Density Lipoprotein
(HDL) cholesterol, LDL Low Density Lipoprotein (LDL)
cholesterol, triglyceride, Parathormone parathormone,
CRP C reactive protein (CRP) levels were evaluated. The
CONUT score was calculated based on lymphocyte count,
total cholesterol levels, and serum albumin levels (Table 1)
(7). The optimal CONUT score cut-off value for the survival
was determined by the Receiver operating characteristics
(ROC) curve analysis to be 4. The patients were divided
into two groups as CONUT score <4 and CONUT score
>5. The groups were compared regarding these parameters.
This study was approved by the Ethics Committee of Gazi
Yasargil Training and Research Hospital (Date:11.02.2022,
Decision No: 19). All procedures were carried out in
accordance with the ethical rules and the principles of the
Declaration of Helsinki.

Table 1. Definition of CONUT score

Parameters CONUT

Normal Mild Moderate Severe
Serum albumin (g/dL) >3.5 3.00-3.49 2.50-2.99 <2.50
Albumin score 0 2 4 6
Lymphocyte >1600  1200-1599 800-1199 <800
(count/mm?3)
Lymphocyte score 0 1 2 3
i Cholsierel >180  140-179  100-139 <100
(mg/dL)
Total Cholesterol score 0 1 2 3
CONUT score (total) 0-1 2-4 5-8 9-12
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Statistical Analysis

Statistical analysis of the results obtained in the study was
performed using the SPSS (Statistical Package for Social
Sciences) 28 program. Descriptive statistics were used for
demographic data. The normal distribution suitability of
the variables was examined using visual (histogram and
probability plots) and analytical methods (Kolmogrov-
Simirnov/Shapiro-Wilk tests). Results are given as
numbers and percentages for categorical variables and
as meantstandard deviations for continuous variables.
Spearman rank correlation analysis was performed to
analyze the correlation between CONUT score and
selected characteristics or parameters. The Kaplan-Meier
method was used for survival analysis and compared
using log rank analysis. Univariate and multivariate Cox
Regression analysis was used for the analysis of variables
related to mortality. The cut-off value of the CONUT score
was analyzed with the ROC curve. A p value of less than
0.05 was considered statistically significant.

RESULTS

The data of 110 hemodialysis patients were analyzed. 58
(52.7%) of these patients were male. The mean age of the
patients was 53.18+17.10 years. During the median follow-
up period of 15.50 (1-58) months, 35 patients (13.9%) died.
20 (57%) of the patients who died were female (p:0.157).
The median CONUT score was 4 (0-11) and the mean
CONUT score was 4.51+3.196.

According to the cut-off value of 4, the enrolled patients
were divided into two groups: Low CONUT group
(CONUT score <4; 49 patients, 44.5%) and high CONUT
group (CONUT score >5; 61 patients, 55.5%). There was
no statistical difference between the groups and gender
(p:0.900). The demographic and baseline laboratory
parameters of the study population are shown in Table 2.
Among 35 all-cause deaths, 4 (11.4%) were occurred in the
low CONUT group, and 31 (88.6%) were occurred in the
high CONUT group (p<0.001). The Kaplan-Meier analysis
of all-cause mortality in hemodialysis patients according to
the cut-off CONUT score is shown in Figure. 1. The high
CONUT group had significantly higher all-cause mortality
(p<0.001) than the low CONUT group.

A correlation analysis between CONUT score and
variables in the hemodialysis patients were carried out
using the Spearman correlation test (Table 3). CONUT
scores showed a significant positive correlation to age
and mortality, and a significant negative correlation to
hemoglobin level, lymphocyte count, serum albumin,
total cholesterol, HDL cholesterol, LDL cholesterol and
parathormone level (p<0.05). There was a significant
negative correlation between mortality and serum albumin
and lymphocyte count (r: -0.569, p<0.001 and r: -0.388,
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p<0.001 respectively). Although there was a negative
correlation between mortality and total cholesterol, it was
not statistically significant (r: -0.146, p:0.127)

The univariate and multivariate Cox regression analyses
were performed to confirm the independent predictors
of all cause of mortality (Table 4). In the univariate Cox
regression analysis, age and CONUT score were found to be
correlated to all cause of mortality. In the multivariate Cox
regression analysis, all cause of mortality was independently
correlated to age, gender (male) and CONUT score (p:
0.010, p: 0.038 and p < 0.001, respectively).

According to the ROC curve analysis, the optimal cut-
off value of CONUT score in Hemodialysis patients was
found at 4.5. CONUT score had an AUC of 0.858 (95% CI,
0.788 -0.928, p < 0.001), with a sensitivity of 88.6% and a
specificity of 76% (Figure 2).

1.0
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-

0.0 0.2 0.4 0.6 0.8 1.0
1 - Specificity
Figure 2. ROC analysis of CONUT score
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Figure 1. Kaplan-Meier analysis of all-cause mortality in
Hemodialysis patients

Table 3. Spearman correlation between CONUT score and
variables.

Variables Correlation Coefficient p
Age 0.189 0.048
Gender -0.008 0.933
WBC -0.121 0.209
Hemoglobin -0.215 0.024
Lymphocyte -0.639 <0.001
Urea 0.126 0.189
Creatinine -0.072 0.452
Uric Acid -0.002 0.984
Corrected Calcium 0.085 0.377
Phosphate 0.061 0.528
Albumin -0.846 <0.001
Total Cholesterol -0.432 <0.001
HDL Cholesterol -0.305 0.001
LDL Cholesterol -0.363 <0.001
Triglycerides -0.148 0.124
CRP 0.075 0.436
Parathormone -0.268 0.005
Mortality 0.581 <0.001
WBC: White Blood Cell, HDL: High Density Lipoprotein, LDL: Low Density
Lipoprotein, CRP: C Reactive Protein

parameters of hemodialysis patients

Table 2. Demographic and baseline laborator

Characteristics All patients (n:110) CONUT score <4 (n:61) CONUT score =5 (n:49) p
Age (years) 53.18%+17.10 50.13+16.42 56.98+17.33 0.043
Gender

Male 58 (52.7%) 29 (47.5%) 23 (46.9%) 0.900

Female 52 (47.3%) 32 (52.5%) 26 (53.1%)
WBC (count/mm?) 7672.26+2442.20 7817.54+2326.88 7491.41 £2591.50 0.975
Hemoglobin (g/dL) 9.09+1.85 9.44+1.94 8.65 +1.65 0.290
Total Lymphocyte (count/mm?) 1534.00+£573.43 1746.39+489.46 1269.59+564.40 0.563
Urea (mg/dL) 129.89+54.60 123.84+52.27 137.43 £57.00 0.988
Creatinine (mg/dL) 6.47+2.64 6.61+2.57 6.14+2.73 0.829
Uric Acid (mg/dL) 6.36+1.52 6.36+1.60 6.37+1.44 0.499
Corrected Calcium (mg/dL) 8.91+0.90 8.89+0.76 8.92 +1.06 0.019
Phosphate (mg/dL) 4.71£1.25 4.62+1.16 4.81+1.36 0.538
Albumin (g/dL) 3.10+0.61 3.56 +0.31 2.53+0.38 0.042
Total Cholesterol (mg/dL) 163.69+46.05 169.87+38.38 156.00+£53.52 0.112
HDL Cholesterol (mg/dL) 42.45+36.33 47.00+£46.75 36.78+14.39 0.334
LDL Cholesterol (mg/dL) 98.51+36.80 102.44+31.39 93.61+42.42 0.106
Triglycerides (mg/dL) 127.98+63.50 131.84+£59.29 123.18+68.70 0.987
CRP (mg/dL) 1.37+1.76 1.27+1.66 1.51+1.89 0.388
Parathormone (pg/mL) 441.91+311.258 495.30+338.04 375.45+262.73 0.244
CONUT Score

Meanz+std 4.51£3.196 2.03£1.32 7.59+1.87 0.002

Median (min-max) 4 (0-11) 2 (0-4) 8 (5-11)
WBC: White Blood Cell, HDL: High Density Lipoprotein, LDL: Low Density Lipoprotein, CRP: C Reactive Protein
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Table 4. Univariate and multivariate Cox analysis of patient

survival in hemodialysis dialysis patients

Characteristics Univariate Multivariate
HR(95%CI) p  HR(95%CD)  p

Age (1.011403.6059) 0.001 (1.03%921.9051) 0.010

Gender (male) (57 G5y 0071 (035!0061)  0.038

Hemoglobin (0.8(())5393.9140) 0.636

i (0.99140-?(.)007) 0.938

Creatinine (0.8339—%075) 0.383

Uric Acid (0.72"99_?.320 5 0740

ol (0.7&6%?501) 0.703

Phosphate (0.8;.99?.)358) 0.508

g}ll)C)Ifesterol (0.92i9—i.1002) Wi

ICdll})lg;lesterol (0.93.79-91.7006) e

Triglycerides (0.9;69?.1006) 0.799

CRP (0.7259—3{?163) 0.525

Parathormone (0.9;'90_?(.)001) 0.568

(Cz(g?IUT U La7s00) <0001 (11651 uge) <0001

DISCUSSION

To the best our knowledge, there is no study comparing
the CONUT score and prognosis in HD patients. In this
study, we investigated the effectiveness of the CONUT
score in predicting mortality. Our results show that
malnutrition is associated with all-cause mortality
in hemodialysis patients, and a high CONUT score
at admission is an independent prognostic factor for
mortality. We think that CONUT score can be useful in
predicting mortality risk and diagnose malnutrition for
HD patients in clinical practice.

Malnutrition has been shown to be associated with
increased morbidity and mortality in patients with ESRD
(8). Many scoring systems are used for the diagnosis of
malnutrition. The CONUT score is one of the tests used
to determine nutritional status and has been accepted as
an important prognostic marker in many diseases. The
CONUT score, calculated using total cholesterol level,
serum albumin level and lymphocyte count, accurately
reflects the patient’s nutritional status by evaluating
protein reserve, lipid metabolism and immune status
(6,9). Albumin, lymphocytes, and total cholesterol are
potential markers of malnutrition. Lower levels of these
parameters represent a higher CONUT score (10). In the
studies, in hemodialysis patients; It has been shown that
low serum total cholesterol level, low lymphocyte count
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and low albumin level, are associated with malnutrition
and are independent predictors of mortality (11,12). In
the HEMO study, low serum albumin and low serum total
cholesterol levels have been shown to have a relatively
higher risk of mortality (13). In our study, there was a
significant negative correlation between serum albumin
and lymphocyte count and mortality, although there was
a negative correlation with total cholesterol, it was not
statistically significant.

In the literature, the relationship between the CONUT
score and mortality in many diseases has been compared.
Especially in cancer patients, there are many studies on
the CONUT score. The results of these studies have been
shown that the CONUT score is significantly associated
with outcomes, including overall survival, in cancer
patients, and that a high CONUT score adversely affects
overall survival (14-16). It has been reported that a high
CONUT score may be an independent prognostic factor
for morbidity and overall survival in hematological
diseases such as lymphoma (17), multiple myeloma (18),
and thalassemia (19). In another study, 2466 patients with
a diagnosis of acute heart failure were evaluated and a
higher mortality and infection rate was found in patients
with a CONUT score >5 at the time of hospitalization (20).
CONUT score was investigated in patients with contrast-
related acute kidney injury, ANCA-related vasculitis, and
hypertension, and it was found that an increased CONUT
score was associated with all-cause mortality (21-23).

Malnutrition is common in dialysis patients. There are
few studies evaluating the CONUT score in dialysis
patients. All these studies were conducted in peritoneal
dialysis patients. Yang et al. (10) showed in their study
that a CONUT score of >3 is associated with technique
failure in PD patients. In another study, nutritional
indexes were evaluated in PD patients, and it was stated
thata CONUT score >3 may be an independent predictor
of all-cause mortality (5). Zhou et al. (24), on the other
hand, analyzed the relationship of the CONUT score at
the onset of PD with technique failure, cardiovascular
disease and mortality and reported that a CONUT score
of >3 may be a prognostic marker. In our study, we found
that a CONUT score of >5 increased all-cause mortality
1.3 times. When we reviewed the studies, different cut-
off values were used for the CONUT score to predict
mortality. This may be due to the fact that since it has been
used to in different diseases and in different populations.
In our study, we found the cut-off value of the CONUT
score of 4.5 according to the ROC curve analysis and
divided our patients into 2 groups as CONUT score
<4 and >5. We found high mortality in the group with
a CONUT score of >5. Similar to previous studies, our
findings suggest that a high CONUT score may be an
independent predictor of mortality.
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Our study had several limitations. First, it is a
retrospective study. Second, the number of patients was
limited since there were only two centers. Third, we did
not investigate how the CONUT score changes over time
after dialysis and its relationship to outcomes.

CONCLUSION

It is extremely important to follow up the nutritional
status at regular intervals, to detect malnutrition early
and to follow up the results in HD patients. Our study
includes important clinical findings as it evaluated the
relationship between the CONUT score, which indicates
nutritional status, and mortality in HD patients. In
our study, we concluded that higher CONUT score is
associated with worse nutritional status in HD patients
and may lead to worse clinical outcomes. CONUT score
is a simple and inexpensive scoring system, and we think
that it can be useful in predicting mortality risk for
HD patients in clinical practice. However, prospective
studies with larger population are necessary.
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ABSTRACT

Aim: Toxoplasma gondii (T. gondii), rubella virus and cytomegalovirus (CMV) are important factors that can be transmitted
from mother to baby and cause clinical findings in fetus or newborn. In our study, it was aimed to determine the seroprevalence
of T gondii, rubella virus and cytomegalovirus in pregnant women who applied to our hospital.

Material and Method: In our study, the serological test results of the blood samples of pregnant women used in the diagnosis of
T. gondii, rubella virus and CMV infections in Microbiology Laboratory of Hitit University Erol Olgok Training and Research
Hospital, were retrospectively analyzed in a five years period between 2016 and 2021.

Results: In our study, when T. gondii, rubella virus and CMV test results were examined in pregnant women who applied to

our hospital, 18.9% positivity for anti- T. gondii IgG, 88.7% for anti-rubella virus IgG and 99.7% for anti-CMV IgG rates have
been determined. The positivity of IgM tests of the same agents was determined as 1%, 0.85% and 1.08%, respectively.

Conclusion: Regional epidemiological data are important in terms of determining which of the routine screening approach
or the risk of infection factors on the baby will be more important. We think that our study, which includes regional data, will

contribute to the literature on this subject.

Keywords: Toxoplasma gondii, rubella, cytomegalovirus, pregnancy

INTRODUCTION

While Toxoplasma gondii (T. gondii), rubella virus and
cytomegalavirus (CMV) cause mostly asymptomatic or
mild symptoms in pregnant women, they can cause serious
clinical pictures by passing to the fetus. In order to prevent
serious consequences such as fetal anomalies, premature
birth, stillbirth and postnatal chronic infections, it is
important to diagnose the disease quickly and accurately
and to monitor the fetus (1). In addition, awareness of
these diseases will enable clinicians to counsel the mother
to protect her from these factors, and it will be useful to tell
the family about negative fetal outcomes when infection
occurs (2).

T. gondii is a protozoan that infects about a third of the
world’s population. T" gondii can be transmitted to humans
through food contaminated with oocysts excreted in the
feces of infected cats (3). When diagnosing toxoplasmosis,
it is important to distinguish between primary and
congenital infections correctly. The first approach in
screening for infection is to look for IgG and IgM in serum
every three weeks. Afterwards, an avidity test should be

Corresponding Author: Hande Kahraman, hndkahraman@hotmail.com
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performed to distinguish between primary infection and
congenital infection. Obtaining high avidity shows us that
the infection has not been cured in the last four months,
while in cases where low avidity is detected, investigating
the agent with polymerase chain reaction (PCR) in
amniocentesis sample seems to be a method with higher
sensitivity (4).

CMYV, a human-specific DNA virus from the herpesvirus
family, is the most common cause of congenital infections
worldwide (5). The rate of CMV congenital infection in
newborns varies between 0.2-2.5% (6). It is an important
non-genetic leading cause of sensorineural hearing loss
and delay in nervous system development in children
in developed countries (5). Unlike rubella infection and
toxoplasmosis, CMV can produce both primary and
post-reactivation/reinfection fetal infection. The rate
of transmission varies between 30-40% after primary
infection and 1% after secondary infection (7).

Rubella or German measles, caused by the rubella
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virus, is characterized by a clinical picture, usually
mild, with fever and rash. Rubella, a teratogenic virus,
is an important cause of birth defects and fetal death
when transmitted during pregnancy. More than 100,000
cases of congenital rubella syndrome (CRS) each year
indicate that this infection is an important public health
problem (8). If rubella infection occurs in the first 16
weeks of pregnancy, up to 85% of newborns are born
with growth retardation and major birth defects known
as CRS (9). Serious complications such as blindness,
deafness, congenital heart disease, mental retardation,
and neurological disorders occur in CRS (8). Since there
are no symptoms in half of rubella infections and can
mimic many rash diseases, rubella seropositivity cannot
be determined based on the patient’s history (7).

However, the importance of screening for these factors
during pregnancy is a controversial issue. There is no
consensus among countries on this issue. In our country,
studies have been carried out on the necessity of routine
screening of pregnant women, but a consensus has not
been reached (10,11).

Inclusion of these factors in prenatal screening programs
in a certain geographical region can be determined
according to seroprevalence studies and cost analysis
studies conducted in this region (12). In our study, we
investigated the seropositivity rates of T. gondii, rubella
virus and CMV in pregnant women and those with
suspected pregnancy who applied to our hospital in
order to contribute to the seroprevalence in our country.

MATERIAL AND METHOD

Our study was approved by the Hitit University Faculty
of Medicine Non-invasive Clinical Researches Ethics
Committee (Date: 02.12.2021, Decision No: 2021-85). All
procedures were carried out in accordance with the ethical
rules and the principles of the Declaration of Helsinki.

In this study, the blood samples of pregnant women who
were sent to the T.C. Ministry of Health Corum Hitit
University Erol Olgok Training and Research Hospital
Microbiology Laboratory between 2016-2021 were
evaluated. Anti-T. gondii IgM and IgG, anti-CMV IgM
and IgG, anti-rubella virus IgM and IgG were evaluated
retrospectively. The blood sample taken into EDTA
tubes was separated into the serum part and studied in
accordance with the instructions of the manufacturer
for the detection of antibodies using Elecsys® (Roche,

Penzberg, = Germany)  Electrochemiluminescence
immunoassay (ECLIA) between 2016-2017 and
ARCHITECT® (Abbott, USA) Chemiluminescent

Microparticle Immunoassay (CMIA) technique in
2021 studies were performed in accordance with the
manufacturer’sinstructions for the detection of antibodies

using the technique. Repeat blood samples sent from the
same patient were not included in the study.

RESULTS

In our study, antibody positivity in the blood of pregnant
women and women with suspected pregnancy who
applied to our hospital, anti- T. gondii IgM 1%, anti-
rubella virus IgM 0.85%, anti-CMV IgM 1.08%; anti- T.
gondii 1gG 18.9%, anti-rubella virus IgG 88.7%, anti-
CMV IgG 99.7% positive (Table 1).

Table 1. Antibody distributions of Toxoplasma gondii, Rubella

virus and citomegalovirus

Toxo}.z.lasma Positive Intermediate Negative
gondii value
ToM 89/8649 29/8649 8531/8649
& (1%) (0.3%) (98.6%)
oG 1739/9199 101/9199 7359/9199
8 (18.9%) (1.09%) (81.9%)
Rubella virus Positive Infermedizte Negative
value
oM 76/8921 70/8921 8775/8921
§ (0.85%) (0.78%) (98.3%)
e 8176/9210 194/9210 840/9210
8 (88.7%) (2.1%) (9.1%)
Citomegalovirus Positive ngEEmaes Negative
value
ToM 89/8222 30/8222 8103/8222
8 (1.08%) (0.36%) (98.5%)
IeG 410/411 0/411 1/411
8 (99.7%) (0%) (0.24%)
DISCUSSION

It is important to detect T. gondii, rubella and CMV
infections in the prenatal period because of their
serious teratogenic consequences in pregnancy. Today,
serological tests take the first place in the identification
of these factors in pregnancy follow-up. Detection of
specific IgM antibodies in these infections is guiding in
the early diagnosis. However, there is no consensus on the
routine screening of these infectious agents in pregnant
women (13).

T. gondii can be transmitted by eating food that has
come into contact with cat feces without washing it well,
drinking water, consuming raw and undercooked meat,
vertically, blood and organ transplants (14). In vertical
transitions, with the progression of the pregnancy
period, the risk of developing infection in the fetus
increases, while the severity of the disease decreases
(4). While screening for T. gondii is mandatory in some
countries, it is recommended in some countries such
as the United States and Canada. Among the factors
affecting seroprevalence, there are factors such as gender,
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age, immune status, feeding behaviors, keeping cats at
home, geographical region differences (15).

In studies conducted in different regions of our country,
anti-T. gondii IgM positivity rate ranged from 0.4%
to 1.1%, while anti-T. gondii IgG positivity rate was
reported to be between 28.9% and 52.1% (13,16-20). In a
meta-analysis examined in pregnant women, the rate of
anti- T. gondii IgG positivity was 32.9% worldwide, 45.2%
in the Americas, 39.7% in the Eastern Mediterranean,
36.5% in Africa, 30% in Europe, 24.6% in Southeast
Asia and 11.2% in the Western Pacific. Anti-T. gondii
IgM positivity was reported at a rate of 1.9% worldwide,
with the highest 4.1% in the Eastern Mediterranean, and
the minimum 1.1% in the Americas (21). In our study,
anti-T. gondii IgG positivity rate was found to be 18.9%,
lower than other studies. In accordance with these studies
in the world and in our country, anti-T. gondii IgM
positivity was found to be 1%. Anti-T. gondii IgM and
IgG positivity rate is low, it can be concluded that women
should act consciously in contact with animals before and
during pregnancy and be careful in consuming raw meat.
In addition, we think that institutional and social good
practices can be effective in the follow-up, vaccination
and shelter services of stray animals.

German measles or rubella; It is a generally self-
limiting infectious disease accompanied by fever,
lymphadenopathy, maculopapular rash. However,
rubella infection in the first trimester of pregnancy can
cause fetal death or a condition called congenital rubella
syndrome (22).

In studies conducted in Turkey, it has been reported that
anti-rubella virus IgM positivity varies between 0.0% and
1.9% (16). In our study, anti-rubella virus IgM positivity
was found to be 0.85% similar to other studies. In
studies conducted in our country, anti-rubella virus IgG
positivity has been reported between 76.5% and 97.3%
(16, 18, 19, 23, 24). In our study, anti-rubella virus IgG
positivity was similar to the data obtained with a rate of
88.7%.

Rubella vaccine is a live attenuated vaccine that can
be administered as a monovalent Rubella vaccine or
Measles-mumps-rubella (MMR) and can provide
lifelong immunity. Rubella vaccine has been added to
the routine vaccination program in Turkey since 2006.
Vaccination programs were also thought to have an effect
on the high seroprevalence values found in this study
and in the literature (25). As seen in our study and other
studies conducted in our country, it is thought that the
vaccination program contributed to the low anti-rubella
virus IgM positivity and the high anti-rubella virus IgG
positivity. For this reason, routine vaccination program
should be applied completely in order to prevent the risk
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of congenital rubella syndrome in seronegative girls and
expectant mothers of childbearing age.

CMV is a common virus with an approximate
seroprevalence of 45% to 100% worldwide (26). Since
CMV can remain latent after primary infection, it can be
reactivated during pregnancy or transmitted after contact
with body fluids (27). Worldwide, congenital CMV
infection is the leading cause of neurological damage
in children and is associated with growth retardation,
hearing loss, permanent disabilities, and microcephaly
(28, 29). In studies conducted in our country, anti-CMV
IgG positivity ranges between 92.6% and 99.5%. Anti-
CMV IgM positivity varies between 1.7% and 2.6% (6,
30-33). In our study, anti-CMV IgG positivity was 99.7%,
and anti-CMV IgM positivity was 1.08%, which is similar
to other studies conducted in our country.

In conclusion, early diagnosis is important due to the
high risk of congenital infections during pregnancy.
Serological tests, which are an inexpensive and easy
method in the follow-up of pregnant women and who
are planning pregnancy, should be performed according
to the seroprevalence rates and risk levels of the regions.
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ABSTRACT

Objective: 1490 pregnant women with confirmed COVID 19 were admitted to the hospital between April 2020 and February
2021. In Ankara City Hospital, Ankara, Turkey, 416 pregnant women gave birth spontaneously and 251 underwent cesarian
section. We attempted spinal anesthesia for cesarian sections because all regional anesthesia organizations advised regional
anesthesia for obstetric surgery. However, spinal anesthesia for cesarean delivery is not a foolproof method.

Material and Method: We used a retrospective analysis of 251 COVID 19 cesarean section anesthesia to determine the incidence
of failed spinal anesthesia, management strategies, and risk variables that contribute to failure.

Results: The total number of failed spinal anesthesia instances was 14 (5.58%), with 1% of complete failures and 4% of partial
failures. One patient was given spinal anesthesia for the 2nd attempt (0.4%), while the other two were given general anesthesia
(0.79%). In failed spinal cases, sedation was utilized. Patients received varied dosages of midazolam, fentanyl, ketamine, and
propofol.

Conclusion: The rate of failed spinal anesthesia among COVID 19 pregnant women was similar to, even lower than, the rate
of failed spinal anesthesia in the general population. Despite all the negative consequences, such as wearing PPE and moving
around, vision and hearing problems due to PPE, anesthesiologist fear about being infected by the patient or patient anxiety

about infection, the future and babies’ health is the reason for this result.

Keywords: SARS-CoV-2 (COVID-19), spinal anesthesia, obstetrical anesthesia

INTRODUCTION

All anesthesiologists face a challenge when it comes to the
anesthesia of patients with coronavirus disease who are
going to have a cesarian section. Patients’ and healthcare
personnel’ safety should be prioritized. Non-emergent
procedures in patients with respiratory infections, such
as COVID-19, should be postponed and rescheduled
once the infection has been treated. However, some
emergency treatments, such as cesarian section, cannot
be postponed.

Furthermore, general anesthesia, which requires aerosol-
generating procedures such as ventilating and intubating
patients, has a higher risk of respiratory problems during
or after surgery than regional anesthesia. (1, 2, 3) Another
important point is that, when compared to those who are
not exposed to tracheal intubation, the transfer of acute
respiratory infection to a health care professional during
tracheal intubation is 6.6 times higher (4).

For such reasons, the European and American Societies
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of Regional Anesthesia jointly issued COVID 19
recommendations stating that regional anesthesia should
be preferred over general anesthesia whenever possible,
and practice recommendations for regional anesthesia
during the pandemic have already been published (5).

In many facilities, single-shot spinal anesthesia is the
preferred method for cesarian section. It delivers great
anesthesia because of its ease of use, rapid onset of
sensory and motor blockage, reliability, ease of mastering,
and capacity to provide optimal surgical circumstances;
it also minimizes the hazards of general anesthetic while
enhancing partition satisfaction (6,7). In addition, when
compared to general anesthesia, the risk of complications
such intraoperative bleeding, surgical site infection, and
postoperative pain is lower with spinal anesthesia (8).

Failed spinal anesthesia can be partial or complete.
If anesthesia and analgesia are not achieved within
ten minutes after successful intrathecal injection, the
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bupivacaine spinal anesthetic is regarded to have failed.
Partial failure was defined as insufficient extent, quality,
or duration of pharmacological action for that procedure,
while complete failure was described as no sensory or
motor blockage (9).

The failure rate of spinal anesthesia is widely distributed,
according to researches, ranging from 1 to 17 percent.
During spinal anesthesia, the Royal College of Anesthetics
proposes a failure rate of 3% in emergencies and 1% for
elective procedures (10,11,12).

The goal of this study was to determine our failure rate
for spinal anesthesia in the context of a COVID 19
pandemic.

MATERIAL AND METHOD

The study was initiated with the approval of the Ankara
City Hospital Ethics Committee (Date: 17.11.2021,
Decision No: E1-21-2116). All procedures were
performed adhered to the ethical rules and the Helsinki
Declaration of Principles.

Study Design

After receiving approval from the local ethics committee
and permission to use the hospital archives, we included
records of spinal anesthesia performed on confirmed
COVID 19 patients in the Ankara City Hospital between
April 2020 and February 2021, as well as related data, in
our study. Patients who did not have their data gathered,
or whose operation took more than 3 hours due to any
reason, were excluded from the study.

The absence of block formation despite delivery of
the anesthetic agent, the requirement for sedation to
complete the surgery, converting to general anesthesia,
or re-performing spinal anesthesia were all defined as
spinal anesthesia failure using data from patient files and
anesthesia records. So, we invented the term “failed block”
to describe spinal anesthesia that was attempted but failed
to produce a block (full failed block) or a block that was
insufficient (partial failed block). The age of the patients,
ASA status, gestational week, surgical emergency, co-
morbidities, COVID 19 infection symptoms, and the
amount of medicine utilized during spinal or sedation,
Bromage scales of lower extremity of the patients were all
documented.

Cesarian delivery urgency was classified as “emergent,”
indicating a threat to the mother or fetus that necessitates
immediate delivery; “urgent, indicating a need for
delivery within 30 minutes in situations where there is
no immediate threat to the mother or fetus, but maternal
or fetal compromise may be expected if spontaneous
delivery is delayed; “Elective,” suggesting that an early
cesarean delivery is required, that no maternal or fetal

compromise exists, and that the cesarean delivery should
take place at a time that is convenient for the patient and
labor and delivery staff (13,14,15).

RESULTS

The study included 251 patients. The overall number of
failed spinal anesthetic cases was 14 (5,58%). One patient
had spinal anesthesia again (0,4 %), while the other
two received general anesthesia (0,79 %). Resting 11
patients were sedated with analgesic and hypnotic agents.
Patients in the successful and unsuccessful spinal block
groups had similar demographic data and used the same
bupivacaine dose (Table 1). All the women were in their
third trimester of pregnancy.

Table. Properties of patients with succesful and failed spinal block

Successful Spinals Failed Spinals p

Age (years) 29,35+5,13 29,86+6,76 0,72
(16-45) (18-41)

Height (cms) 162,87+7,64 167,33+£8,03 0,34
(150-180) (158-172)

Weight (kgs) 82,83+17,01 88,00+4,46 0,60
(52-161) (85-93)

Gestational age (weeks) 37,13+2,62 38,14+1,17 0,14
(27-41) (36-40)

Bupivacaine dose (mgs) 12,59+1.02 12,93+1,37 0,24
(10-15) (12-15)

Data expressed mean+SD, and (min-max)

Sedation was used in unsuccessful spinal cases.
Midazolam, fentanyl, ketamine, and propofol were
combined in varying amounts in 11 of 14 patients.

All the patients who had failed spinal anesthesia were
emergent cesarean sections.

DISCUSSIONS

Our study is the first one in the literature which was
conducted to determine the incidence and associated
factors of failed spinal anesthesia among COVID 19
positive women who underwent a cesarean section.
In this retrospective analysis, we used a failed term to
describe spinal anesthesia that was attempted but failed
to produce a complete block or a partial block. Our
findings revealed that 14 out of 251 pregnant women
treated by obstetric-specialized anesthesiologists had
failed spinal anesthesia. The incidence rate was 5,8 %.
And midazolam, propofol, fentanyl, and ketamine were
used to sedate 4,4 percent of unsuccessful instances. 2 of
the patients were converted to general anesthesia with
endotracheal intubation (0,79 %), and 1 was treated with
repeated spinal (0,4 %). According to the Royal College
of Anesthesiologists (RCOA), the acceptable conversion
rate from spinal to general anesthesia in obstetric
anesthetic treatment should be less than 1% for elective
CS and less than 3% for emergency CS (16). Our findings
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suggest conversion rates that are similar to or even lower
than the RCOA's target.

The failure rate of spinal anesthesia for elective procedures
was 8.7%, and 9.3% for emergency sections, according to
Rukewe et al (17). All of our cases were emergencies, and
our failure spinal anesthetic rate was 5.8%. Our result, on
the other hand, is outside the acceptable range of 0-4 %
stated by previous researchers. (6,12, 17-19).

In our study, we found that patients who need
supplemental analgesia to complete the surgery begin
with a spinal block rate was 4,4 % and was comparable
with the 5,7 % reported by Rukewe et al. (17) and % 4,1
reported by Sngb et al. (20). And our result was nearly
half of the Gary and Davies (21) study results (10,9 %).

All spinal anesthesia in our study was performed by
obstetric anesthesiologists with at least 5 years of full-
time obstetric clinic experience and common sense
about complications; our failure rate (5.8%) was
comparable to the RCOA’ predictions. Despite stringent
precautions, there is a high chance of contamination
and becoming a possible patient or infector during the
COVID 19 pandemic. Anxiety and fear are the results of
feelings (22). Regardless of how senior the obstetrician
anesthesiologist was, this worry, or anxiety may have
contributed to the failed spinal anesthesia. Since there
was no resident anesthesiologists’ group to compare the
outcomes with, this may be a disadvantage of our study.

The operation rooms in our hospital are positive-pressure
rooms. We use Level III PPE for infection control, which
includes a disposable surgical cap, medical protection
mask, goggles or face shields, surgical scrubs, gowns,
disposable surgical gloves, and disposable foot rubbers.
The most common problems associated with using PPE
kits were excessive sweating (100%), fogging of goggles,
spectacles, or face shields (88%), suffocation (83%),
breathlessness (61%), fatigue (75%), headache due to
prolonged use (28%), and pressure marks on the skin in
one or more areas of repeated use (19%) (23). Although
we use PPE to prevent infection, it has a negative impact
on our lives. Limitation of movement due to foot rubbers,
loss of vision because of the fogging over the surface of
goggles or sheets, and most importantly communication
problems with the patient because of the masks, cap and
rubbers especially positioning during spinal anesthesia
could be other factors for the failed spinal anesthesia
procedures.

In some studies, they discovered that injecting less than
2 ml of local anesthetics was linked to failed spinal
anesthesia without the use of adjuvants (24). However,
because we administered at least 12,5 mg of bupivacaine
in our investigation, this reason could not be the source
of our failed anesthesia rates.
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Intraabdominal pressure increases with gestational age,
which may increase intrathecal medication dissemination
throughout pregnancy, Henos et al. (24) and Adesope et
al. (25) discovered that the spinal failure rate dropped as
gestational age increased. All the failed spinal anesthesia
patients in our study were in their third trimester. Only
one of the patients was 36 weeks pregnant, and the others
were bigger.

We use a 26-gauge atraucon spinal needle in our clinic
because it has a greater rate of successfully identifying
the subarachnoid space on the first attempt, faster CSF
backflow, less postdural puncture headaches, and less
paresthesia than other spinal needles (26,27) Smaller
spinal needles, according to some studies, may lead to
more spinal attempts and increase the probability of
failure (19, 24). However, we did not repeat the spinal
attempts to create failure in our work.

Furthermore, studies have shown that parturients who
were operated by the resident obstetricians had a higher
risk of spinal anesthesia failure during surgery than
those who were operated on by senior surgeons (24).
Inexperienced hands may manipulate the upper sites of
adjacent structures to the uterus, as well as take along time
to operate, allowing the block to resolve. Unfortunately,
we did not identify the surgeon’s seniority in our research,
although there were no changes in surgery times.

The drug’s action on the spinal nerve root is one of
the failure mechanisms of spinal anesthesia. However,
because failure did not occur with just one batch of the
drug, our failure was random. If one batch of the drug
was defective, all patients who received that batch should
have failed at the same time.

In a single patient, we repeated spinal anesthesia for a
failed spinal block and no complications were seen. But
the studies suggest that repeat injection after a failed
spinal can be potentially unsafe (28,29).

CONCLUSION

Although spinal anesthesia is the preferred method
for COVID 19 confirmed cases, failed anesthesia can
occur for a variety of reasons. The reason could be
technical, but we should also consider other factors
during COVID 19 pandemic, such as the patient’s and
anesthesiologist’s anxiety, as well as personal equipment
issues. Despite these disadvantages, the team’s most
senior anesthesiologist must be the one in charge,
because quick response in difficulties or emergencies
requires clinical experience and common sense, and in
this way failure rates are comparable to those of normal
pregnant women. Resident anesthesiologists, like senior
anesthesiologists, must adapt to these new normals and
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medical conditions as we become accustomed to living
with COVID 19 disease.
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