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Evaluation of Electrolyte Imbalance on Intensive Care
Unit Admission and Its Effect on Prognosis

Yogun Bakim Unitesine Kabuldeki Elektrolit imbalansi
ve Prognoza Etkisinin Degerlendirilmesi

ABSTRACT Objective: Electrolyte imbalance is an important factor that is frequently observed in
the intensive care unit (ICU) and affects prognosis. We analyzed the type of electrolyte imbalance
on ICU admissions and its relation to prognosis, mechanical ventilation day, ICU and hospital stay,
and mortality.

Materials and Methods: The electrolyte values of 826 patients admitted to the ICU were analyzed.
Demographic data, the type of electrolyte imbalance, mechanical ventilation day, length of stay in
the ICU and hospital, acute physiology and chronic health evaluation-Il (APACHE-II) scores, and
mortality status were recorded.

Results: A total of 826 patients were included. Of the patients, 252 (30.5%) had dysnatremia, 193
(23%) had dyskalemia, 432 (52%) had dyscalcemia, 389 (47%) had dysmagnesaemia, and 625
(75%) had dysphosphatemia. APACHE-II score, mechanical ventilation day, and length of stay in ICU
and hospital were significantly higher in hypernatremia than in normonatremia and hyponatremia.
In hypokalemia, the length of stay in the ICU and mechanical ventilation day was significantly
higher than in normokalemia. The mortality rate was 1.7 and 4.4 times higher in hyponatremia and
hypernatremia, respectively, than in normonatremia. Mortality was 1.8 times higher in hypokalemia
and 2.2 times higher in hyperkalemia than in normokalemia. Mortality was 11 times higher in
hypercalcemia than in normocalcemia.

Conclusion: Electrolyte imbalance is frequently observed among ICU patients. In particular, in
patients with dysnatremia and dyskalemia, the prognosis is worse.

Keywords: \Water-electrolyte imbalance, critical illness, prognosis

0Z Amag: Elektrolit imbalans, yogun bakim tinitesinde (YBU) siklikla griilen ve prognozu etkileyen
énemli bir faktordir. YBU'ye yatislardaki elektrolit imbalansi tipini ve bunun prognoz, mekanik
ventilasyon giinti, YBU ve hastanede kalis stiresi ve mortalite ile iliskisini analiz etmeyi amacladik.
Gereg ve Yéntem: YBU'ye kabul edilen 826 hastanin elektrolit degerleri incelendi. Demografik
veriler, elektrolit imbalansi tipi, mekanik ventilasyon giinti, YBU ve hastanede kalis siiresi, akut
fizyoloji ve kronik saglik degerlendirmesi-ll (APACHE-I) skorlari ve mortalite durumu kaydedildi.
Bulgular: Calismaya toplam 826 hasta dahil edildi. Hastalarin 252'sinde (%30,5) disnatremi,
193'linde (%23) diskalemi, 432'sinde (%52) diskalsemi, 389'unda (%47) dismagnezemi ve 625'inde
(%75) disfosfatemi mevecuttu. APACHE-II skoru, mekanik ventilasyon giinti, YBU ve hastanede
kalis stiresi, normonatremi ve hiponatremiye kiyasla hipernatremide anlamli olarak daha yUksekti.
Hipokalemide, YBU kalis stiresi ve mekanik ventilasyon giinli, normokalemiye kiyasla anlamli
derecede yuksekti. Normonatremiye kiyasla 6lim orani hiponatremi ve hipernatremide sirasiyla
1,7 ve 4,4 kat daha fazlaydi. Normokalemiye gore hipokalemide mortalite 1,8 kat, hiperkalemide
ise 2,2 kat daha fazlaydi. Hiperkalsemide, normokalsemiye kiyasla mortalite 11 kat daha fazlaydi.
Sonug: Elektrolit imbalansi YBU hastalarinda siklikla goriliir. Ozellikle disnatremisi ve diskalemisi
olan hastalarin prognozu daha kéttdur.

Anahtar Kelimeler: Sivi-elektrolit imbalansi, kritik hastalik, prognoz

Copyright® 2024 The Author. Published by Galenos Publishing House on behalf of Turkish Society of Intensive Care.
This is an open access article under the Creative Commons Attribution-NonCommercial-NoDerivatives 4.0 (CC BY-NC-ND) International License.
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Introduction

Electrolytes play an important role in many vital functions
such as; nerve cell transmission, bone metabolism, fluid
balance, acid-base balance, muscle contraction mechanism,
hormone function, cell membrane structure and function,
metabolic and homeostatic functions. While many studies
report the relationship between electrolyte imbalance (El)
and mortality and morbidity; El is still one of the major
problems among intensive care unit (ICU) patients (1-3).
The complications of El include a large variety of clinical
disorders ranging from mild symptoms to life-threatening
cardiac arrhythmias, and respiratory failure (4,5). Sodium,
potassium, magnesium, calcium, and phosphorus are
the most responsible electrolytes in regard to these
complications in ICU. The main El types are hypo- and hyper-
states of sodium, potassium, magnesium, and calcium (6).
Although there are publications analyzing El in the literature,
the studies examining each El within itself and its effect on
prognosis in ICU are rare.

In our study, we aimed to investigate the El types of ICU
patients on admission and the effect of El type on prognosis
in terms of mechanical ventilation day (MVD), length of stay
(LOS) in ICU and hospital, acute physiology and chronic
health evaluation-Il (APACHE-II) scores, and mortality.

Materials and Methods

After the University of Health Sciences Turkey, Ankara
Atatlrk Sanatory Training and Research Hospital Clinical
Research Ethics Committee approval (decision no: 2531,
date: 14.06.2022) and clinical trial registration, we assessed
retrospectively the charts of the patients hospitalized in
our third-level ICU in the period between January 01, 2016
and July 31, 2019. Data were obtained from the hospital's
biochemistry database and ICU patient files. Data was
searched whether there is an El on admission blood tests
in ICU and if any El was caught its type and severity were
recorded according to ranges depicted in Table 1. Patients'
age, sex, MVD, APACHE-II score, LOS in ICU and hospital,
and mortality were recorded.

Corrected calcium was calculated according to Corrected
Calcium = Total Calcium+ [0.8 x (4.0 — Albumin)] formulation.
MVD was defined as the number of days from the first day
of intubation to the day he was extubated or died.

Turk J Intensive Care 2024;22:95-100

Statistical Analysis

Analysis of the data was made in SPSS for Windows 22
package program (Chicago, lllinois, USA). After determining
whether the data show normal distribution or not with the
Kolmogorov-Smirnov test, all data were given as mean =
standard deviation or the difference between the median
value and the quartiles. The correlation between categorical
data was demonstrated with the chi-square test or the
Fisher’'s Exact test. In the comparison of the numerical
variables, Student-t test or Mann-Whitney U test was used
depending on the parametric conditions. The statistical
significance level was accepted as p<0.05 for all calculations.

Results

A total of 826 patients, 413 (50%) female, and 413 (50%)
male were analyzed. The age range was between 16-101
years (69.19+19.33). Four hundred four (48.9%) patients were
admitted to ICU from the emergency department, 81 (9.8%)
were from the ward and 341 (41.3%) were postoperative
patients (Table 2). The types and the numbers of patients
with El are depicted in Table 3. There was no El in 100 of 826
patients (12%). In hypernatremia, APACHE-II score, MVD,
and LOS in ICU and hospital were found to be significantly
higher compared to normonatremia and hyponatremia

Table 1. Hypo-hyper reference ranges

Reference
range Hypo- | Hyper-
Sodium (mmol/L) 136-145 <136 | >145
Potassium (mmol/L) 3.5-5.5 <3.5 >5.5
Albumin corrected calcium 8.8-10.6 <88 106
(mg/dL)
Magnesium (mmol/L) 1.8-2.6 <1.8 >2.6
Phosphate (mmol/L) 2.5-4.5 <2.5 >4.5
Table 2. Demographic data
n Percent (%) | Mean tSD
Age 69.19+£19.33
Male 413 | 50
Gender
Female 413 | 50
Emergency | 404 | 489
o department
Admission g 81 |98
unit -
Operating | 3,1 | 413
room

SD: Standard deviation
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(p<0.05) (Table 4). Mortality in normonatremia, hyponatremia
and hypernatremia was 26%, 44% and 71% respectively.
In hyperkalemia, APACHE-Il score was significantly
higher compared to normokalemia and hypokalemia. In
hypokalemia, MVD, and LOS in ICU was significantly higher
than normokalemia (p<0.05). In dyscalcemia (corrected
with albumin), there was no significant difference in terms

Table 3. Type and proportion of El

Electrolyte Type of El n l:roportlon
(%)
Normonatremia 574 69.5
Sodium Hyponatremia 192 23.2
Hypernatremia 60 73
Normokalemia 633 | 76.6
Potassium Hypokalemia 123|149
Hyperkalemia 70 8.5
Calcium Normocalcemia 394 | 477
(albumin- Hypocalcemia 419 50.7
corrected)’ Hypercalcemia 13 1.6
Normomagnesaemia | 437 52.9
Magnesium Hypomagnesaemia 337 | 408
Hypermagnesaemia 52 6.3
Normophosphatemia | 530 | 64.2
Phosphate Hypophosphatemia 95 11.5
Hyperphosphatemia 201 24.3

“Corrected Calcium = Total Calcium + [0.8 x (4.0 — Albumin)]
El: Electrolyte imbalance

of APACHE-II score, MVD, and LOS in ICU and hospital. In
dysmagnesaemia, no significant difference was found in
terms of MVD, and LOS in ICU and hospital. APACHE Il score
was found to be higher in hypermagnesemia compared to
normomagnesaemia and hypomagnesaemia.

APACHE-II score in hyperphosphatemia was found
to be significantly higher than normophosphatemia and
hypophosphatemia (p<0.05). There was no significant
difference between hypo-hyper and normophosphatemia in
terms of MVD, and LOS in ICU and hospital.

When the readmission rates were examined, it was
revealed that dysnatremia did not affect the readmission
rates (p>0.05). Although the readmission was found to
be higher in hyperkalemia compared to hypokalemia and
normokalemia, the result was not statistically significant
(p>0.05). Readmissions in hypocalcemia were higher
than hypercalcemia and normocalcemia, but statistically,
there was no difference (p>0.05). Similarly, there was no
statistical difference in readmission rates of hypo-, hyper-,
and normomagnesaemia (p>0.05).

Compared to normonatremia, the rate of mortality was
1.7 times higher in hyponatremia and 4.4 times higher in
hypernatremia. The mortality rate was 1.8 times higher in
hypokalemia and 2.2 times higher in hyperkalemia compared
to normokalemia. While the mortality rate was similar in
hypocalcemia compared to normocalcemia, mortality was
11 times higher in hypercalcemia. Mortality was unchanged
in dysmagnesemia. Compared with normophosphatemia,
mortality was 1.7 times higher in hypophosphatemia and
5.1 times higher in hyperphosphatemia.

Table 4. Analysis of electrolyte imbalance in terms of APACHE-II score, mechanical ventilation day, length of stay in ICU and hospital
95% Confidence interval
El El Mean Std. sig 3
difference | error ‘ ower
bound Upper bound
. Hyponatremia -3,057 1,383 0.08 -6.38 0.27
Normonatremia
Hypernatremia -11,067 2,403 <0.01" -16.84 -5.29
Hyponatremia Hypernatremia -8,010 2,600 <0.01" -14.26 -1.76
. Hypokalemia -2,602 1,652 0.34 -6.57 1.37
o | Normokalemia -
§ Hyperkalemia -9,458 2,294 <0.01" -14.97 -3.94
=‘|" Hypokalemia Hyperkalemia -6,856 2,672 <0.05 -13,28 -0.43
L
6 . Hypomagnesaemia 3,188 1,155 <0.05" 0,41 5.96
& | Normomagnesaemia -
%( Hypermagnesaemia -13,856 2,685 <0.01" -20.31 -7.40
Hypomagnesaemia Hypermagnesaemia -17,044 2,693 <0.01" -23.52 -10.57
. Hypophosphatemia -3,180 1,650 0.16 -7.15 0.79
Normophosphatemia -
Hyperphosphatemia -12,511 1,333 <0.01" -15.71 -9.31
Hypophosphatemia Hyperphosphatemia 9,331 1,903 <0.01" -13.90 -4.76

Turk J Intensive Care 2024;22:95-100
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Table 4. Analysis of electrolyte imbalance in terms of APACHE-II score, mechanical ventilation day, length of stay in ICU and hospital

Mean

Std.

95% Confidence interval

El El . Sig. Lower
difference error
bound Upper bound
. Hyponatremia -0,478 1,456 1.00 -3.97 3.02
Normonatremia -
Hypernatremia -8,267 2,370 <0.01" -13.95 -2.58
9 Hyponatremia Hypernatremia -7,789 2,584 <0.01" -13.99 -1.59
3 ) Hypokalemia -5,397 1,724 <0.01" -9.53 -1.26
S | Normokalemia -
= Hyperkalemia -0,793 2,203 1.00 -6.08 4.49
% Hypokalemia Hyperkalemia 4,604 2,619 0.23 -1.68 10.89
(]
= ) Hypomagnesaemia 1,954 1,273 0.37 -1.10 5.01
8 | Normomagnesaemia -
g Hypermagnesaemia 3,023 2,577 0.72 -3.16 9.20
f.j Hypomagnesaemia Hypermagnesaemia 1,070 2,617 1.00 -5.21 7.35
= . Hypophosphatemia -1,053 1,956 1.00 -5.75 3.64
Normophosphatemia -
Hyperphosphatemia -2,832 1,454 0.15 -6.32 0.66
Hypophosphatemia Hyperphosphatemia -1,779 2,186 1.00 -7.02 3.46
) Hyponatremia -0,223 1,486 1.000 -3.79 3.34
Normonatremia
Hypernatremia -7,825 2,418 <0.01" -13.62 -2.03
Hyponatremia Hypernatremia -7,602 2,636 <0.05" -13.92 -1.28
. Hypokalemia -5,064 1,758 <0.05 -9.28 -0.85
Normokalemia
Hyperkalemia 0,690 2,247 1.00 -4.70 6.08
@ Hypokalemia Hyperkalemia 5,754 2,671 0.09 -0.65 12.16
§ . Hypomagnesaemia 1,755 1,298 0.53 -1.36 4.87
Normomagnesaemia -
Hypermagnesaemia 3,335 2,626 0.61 -2.96 9.64
Hypomagnesaemia Hypermagnesaemia 1,580 2,667 1.00 -4.82 7.98
. Hypophosphatemia -1,359 1,997 1.00 -6.15 343
Normophosphatemia -
Hyperphosphatemia -1,514 1,484 0.92 -5.08 2.05
Hypophosphatemia Hyperphosphatemia -0,155 2,231 1.00 -5.51 5.20
. Hyponatremia -0,213 1,529 1.00 -3.88 3.46
Normonatremia
Hypernatremia -6,819 2,484 <0.05* -12.78 -0.86
Hyponatremia Hypernatremia -6,606 2,709 <0.05* -13.11 -0.11
) Hypokalemia -4,501 1,803 <0.05* -8.82 -0.18
Normokalemia -
B Hyperkalemia 3,089 2,304 0.54 -2.44 8.62
g Hypokalemia Hyperkalemia 7,589 2,738 <0.05* 1.02 14.16
5 . Hypomagnesaemia 0,073 1,331 1.00 -3.12 3.27
O | Normomagnesaemia -
- Hypermagnesaemia 4,719 2,693 0.24 -1,74 11.18
Hypomagnesaemia Hypermagnesaemia 4,646 2,735 0.26 -1.91 11.21
. Hypophosphatemia -0,353 2,049 1.00 -5.27 4.56
Normophosphatemia -
Hyperphosphatemia 0,102 1,524 1.00 -3.55 3.76
Hypophosphatemia Hyperphosphatemia 0,455 2,290 1.00 -5.04 5.95

APACHE-II: Acute physiology and chronic health evaluation-Il, ICU: intensive care unit, El: electrolyte imbalance, LOS: length of stay, “p<0.05 statistically significant
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Discussion

In different clinics, the prevalence and type of El may
vary. Our study was conducted in a third-level ICU running
under the anesthesiology and reanimation department.
Tazmini et al. (7) conducted a retrospective study in an
emergency department. In their population, the prevalence
of hyponatremia was 24%, hypokalemia was 8.6%
and hypocalcemia (albumin-corrected) was 1.6%. Our
hyponatremia, hypokalemia and hypocalcemia (albumin-
corrected) prevalence were 23.2%, 14.7% and 50.7%
respectively. While their hypernatremia, hyperkalemia and
hypercalcemia prevalence were 1.7%, 3.3% and 10.9%,
ours were 7.3%, 8.5% and 1.6% respectively. In our ICU
study, the ratios are notably higher except hypercalcemia
in comparison to their study. This may be explained by the
condition of the critically ill patients who were exposed to
many medications, fluid shifts and interventional approaches
before ICU admission. Hyponatremia ratios are closer to each
other in both studies. The biggest difference is between
hypocalcemia ratios which are 50.7% in our study and 1.6%
in theirs. One of the reasons for this notable difference may
be the different reference values between the centers.
Sedlacek et al. (8) reported that electrolyte imbalances in ICU
can be prevented by attention to the usage of intravenous
fluids and nutrition. In our study we analyzed the admission
blood tests in ICU, so we didn’t have the chance to prevent
the electrolyte disturbances but the initial treatment was
done as soon as the ICU team received the blood test
results.

In their prospective cohort, Mestrom et al. (9) analyzed
ICU-acquired hypernatremia. They enrolled 183 patients
including 70 with [CU-acquired hypernatremia. The
APACHE-IV scores of hypernatremic and normonatremic
patients were 62 and 48, respectively. ICU mortality
of hypernatremic and normonatremic patients were
23% and 12%; 90-day mortality were 33% and 14%
respectively. Although our study is not about ICU-acquired
El, the comparison of this study with ours may reveal the
differences between the admission electrolyte disturbances
and the ICU-acquired ones. In our study, while there was
no statistically significant difference between APACHE-I
scores for hyponatremia and normonatremia, the APACHE-II
scores for hypernatremia were significantly higher than the
patients with hyponatremia and normonatremia. In their
study mortality in hypernatremic patients was 2.35 times
higher than normonatremic patients and 4.4 times higher in

ours. This difference may be due to the severity of critically
ill patients in our study.

A systematic review and meta-analysis reported that
hyponatremia is associated with a prolonged LOS in
hospital and higher risk of readmissions (10). In our study,
the difference in readmission rates of hyponatremia,
normonatremia and hypernatremia was not statistically
significant. We also found that patients with hypernatremia
had a significantly longer ICU stay compared to patients with
hyponatremia (p<0.05).

In their retrospective cross-sectional study Lindner et al.
(11) revealed that there is no significant correlation between
serum calcium level and LOS in hospital. In our study,
there was no statistically significant difference in patients
with dyscalcemia in terms of MVD, and LOS in ICU and
hospital. Mortality rates in normocalcemic, hypocalcemic
and hypercalcemic patients were 34%, 32% and 84%
respectively. In a retrospective cohort, acute medical
admissions were evaluated in terms of potassium levels
(12). Hospital mortality rates were 3.9%, 5%, and 18%
in normokalemic, hypokalemic and hyperkalemic patients
respectively. In our ICU, the mortality rates of patients who
have potassium imbalance on admission were; 29%, 40%
and 68% in normokalemic, hypokalemic and hyperkalemic
patients respectively. Our study was performed in a third-
level ICU which may be the reason for the big difference
between mortality rates in the two studies. In their study,
hypokalemic patients had a longer LOS compared to
normokalemia which is the same as our results. In our study,
we also revealed that hypokalemic patients had longer LOS
than hyperkalemic patients (p=0.017).

A large study reported that higher serum phosphorus
levels influence mortality in patients with normal kidney
function (13). In our trial, the mortality rates were 22%,
32% and 67% in normophosphatemic, hypophosphatemic
and hyperphosphatemic patients respectively.

Our study has some limitations. In our ICU, the diseases
of patients in admission vary, so the patient population is
not homogenized. Our patients have many comorbidities,
and different therapies and there are many other factors
which may affect mortality, LOS, APACHE-II score and
readmissions. In addition, the source of the ward patients
was lacking.
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Conclusion

In conclusion, El is one of the most frequent diagnoses
in ICU admissions. Mortality, LOS, and prognosis differ in
El types. In our study, we revealed that dysnatremic and
dyscalcemic patients have more negative prognosis.
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Initial Vital Signs in Traumatized Children Determine
the Length of Stay in Intensive Care Unit

Travma Gecirmis Gocuklarda Ilk Yasamsal Belirtiler
Yogun Bakim Kalis Siiresini Belirliyor

ABSTRACT Objective: Vital signs and trauma scores of pediatric trauma patients affect morbidity
and length of stay in the intensive care unit (ICU); treatment and follow-up of appropriate trauma
patients in experienced centers is of great importance. This study aimed to determine the
demographic data, clinical findings and scoring systems, and respiratory and circulatory support
requirements of trauma patients during their follow-up in the pediatric ICU (PICU) and investigate
the effects of these factors on the length of PICU and hospital stay and mortality.

Materials and Methods: Demographic and clinical findings of 49 pediatric patients who were
hospitalized in the PICU because of trauma were prospectively recorded for 16 months. Data on the
length of PICU and hospital stay, trauma mechanisms, and affected organ systems were collected.
Results: The most frequent etiology of trauma was falling from heights in 36.7% of the patients.
Mechanical ventilation (MV) was necessary in 18.4% of the cases, and the mean duration for
MV was 48 (12-306) hours. WWhen MV need was evaluated concerning vital findings, the findings
showed that patients with bradypnea needed MV more (p=0.004). MV was needed in 66.7% of
hypotensive patients, and there was a statistically significant difference between blood pressure
and MV requirement (p=0.005). Glasgow coma score and length of PICU stay were correlated
(p=0.02). PICU (p=0.005, p=0.005, p=0.001) and hospital stay (p=0.02, p=0.01, p=0.04) were
statistically significantly longer in patients who had blood products, inotropic agents and MV.
Conclusion: The effects of initial vital signs and trauma scores on morbidity and length of PICU stay
of pediatric trauma patients, as well as the importance of treatment and follow-up of appropriate
patients in experienced centers, have been shown in our study.

Keywords: Pediatric trauma, trauma scores, vital signs

6z Amag: Pediatrik travma hastalarinin vital bulgulari ve travma skorlari, morbidite ve yogun bakim
tnitesinde (YBU) kalis stiresine etkisi ile uygun travma hastalarinin deneyimli merkezlerde tedavi
ve takibi agisindan buyiik nem tasimaktadir. Bu calismada, travma hastalarinin gocuk YBU'de
(CYBU) izlemleri sirasindaki demografik verileri, klinik bulgulari ve skorlama sistemleri, solunum ve
dolasim destek gereksinimlerinin belilenmesi ve bu faktérlerin hastanede kalis, CYBU kalis stireleri
ve mortalite Gizerine etkisinin arastiriimasi amaglanmistir.

Gereg ve Yontem: Bu calismada travma nedeniyle CYBU'de yatan 49 cocuk hastanin demografik ve
klinik bulgular prospektif olarak 16 ay siireyle kaydedildi. CYBU ve hastanede kalis stireleri, travma
mekanizmalari ve etkilenen organ sistemleri hakkinda veriler toplandi.

Bulgular: Hastalarin %36,7'sinde en sik travma nedeni yiksekten disme idi. Olgularin %18,4'tnde
mekanik ventilasyon (MV) uygulanmisti ve ortalama MV slresi 48 (12-306) saatti. Vital bulgular
acisindan MV ihtiyaci degerlendirildiginde, bulgular bradipneli hastalarin MV'ye daha fazla ihtiyac
duydugunu gosterdi (p=0,004). Hipotansif hastalarin %66,7'sinde MV ihtiyaci oldu ve kan basinci ile
MV ihtiyac arasinda istatistiksel olarak anlamli fark vardi (p=0,005). Glasgow koma skoru ve CYBU
kalis stiresi arasinda istatistiksel olarak anlamli bir iliski vardi (p=0,02). CYBU (p=0,005, p=0,005,
p=0,001) ve hastanede kalis slresi (p=0,02, p=0,01, p=0,04) kan Urlnleri, inotropik ajan ve MV
bulunan hastalarda istatistiksel anlamli olarak daha uzundu.

Sonug: Calismamizda pediatrik travma hastalarinda baslangic vital bulgulari ve travma skorlarinin
morbidite ve CYBU kalis slresine etkisi ile uygun hastalarin deneyimli merkezlerde tedavi ve
takibinin énemi gosterilmistir.

Anahtar Kelimeler: Pediatrik travma, travma skorlari, yasamsal belirtiler
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Introduction

Physical trauma is one of the most important causes of
mortality and morbidity in childhood, especially in children
older than one year of age (1,2). Trauma is a public health
problem that needs to be solved, as trauma-related injuries
and deaths in childhood outstrip other major diseases (2,3).
According to the 2017-2018 data of the Turkish Statistics
Institute, the death rates due to accidents, injuries and
poisonings are in the first place for deaths between the ages
of 0 and 14 years (4,5).

The most common causes of trauma-related death
in children in all age groups are in-car or out-of-car motor
vehicle accidents. Falling from heights, drowning, abuse,
and fires are among the other causes of death. Adolescent
deaths are mostly due to gunshot wounds (1-4). Risky
trauma mechanisms may cause multiple trauma in children,
paving the way for serious multi-systemic complications
(6). Injuries due to trauma are the leading causes of
emergency department and pediatric intensive care unit
(PICU) admissions (7). The present study aimed to reveal
the demographic data of trauma patients followed up in
the PICU, evaluate the correlation of clinical findings with
a length of PICU stay, respiratory and circulatory support
requirements, and prognosis.

Materials and Methods

During the 16-month period between July 2018 and June
2019, 49 critically ill children were included in this study. The
trauma mechanisms exposed, the organ systems affected
by the trauma, demographic characteristics, clinical findings,
vital signs, need for respiratory support, lengths of PICU,
and hospital stays were prospectively recorded. Glasgow
coma score (GCS) (mild head trauma was considered 15-14
points, moderate head trauma as 13-9 points, and severe
head trauma as <8 points). Pediatric trauma score (PTS),
the patient’s airway patency, state of consciousness, body
weight, systolic blood pressure, presence of an open wound
and roughly the presence of any skeletal system trauma are
evaluated and scored. The total score ranges between -6
and +12, <8 points identifies a potential significant trauma
and indicates that follow up in a trauma center would be
appropriate. PTS is an important scoring system in predicting
patient triage and mortality (6-12). Pediatric Risk of Mortality
(PRISM I1I) and pediatric logistic organ dysfunction (PELOD)
scores were calculated and recorded to determine the risk of
morbidity and organ failure in trauma patients (13,14).

Turk J Intensive Care 2024;22:101-9

The use of inotropes and blood products and the type
of hyperosmolar therapy administered to patients with
head trauma were recorded. Serial intravesical pressure
measurements were made in patients with risk factors for
intra-abdominal hypertension (IAH). Intra-abdominal pressure
(IAP) was measured through a Foley bladder catheter as
defined in the final pediatric consensus definitions section
of the 2013 updated The World Society of the Abdominal
Compartment Syndrome (WSACS, www.wsacs.org)
consensus (15). Briefly, in a complete supine position, 1
mL/kg of normal saline, with a minimal instillation volume
of 3 mL and a maximum installation volume of 256 mL, was
instilled in to the bladder through a Foley catheter. The end
of the urinary catheter was connected to a transparent,
open-ended plastic tube, which was then connected to
a transducer set and monitoring lines. The IAP level was
automatically measured by the monitor in mmHg units. The
procedure was repeated every 6 hours (h), with four serial
measurements per day.

In patients with head trauma, optic nerve sheath
diameter (OSD) was measured with ultrasonography (USG),
to detect and monitor the presence of high intracranial
pressure. Mindray M7 ultrasound device and L14-6s linear
probe were used for measurements. While the patients
were in the supine position, ultrasound gel was applied over
the closed eyelids, and they were examined with orbital
USG, holding the probe in a straightforward position. OSD
measurement was performed by obtaining images in the
longitudinal and transverse axes from the area between
the hyper echoic dural sheaths located at the edge of the
hypo echoic subarachnoid area surrounding the optic nerve
(16). In addition, cerebral monitoring was performed with
near infrared spectroscopy (NIRS), a non-invasive method,
to monitor regional tissue oxygenation (17). For cerebral
measurement, self-adhesive pediatric probes were placed in
the right and left frontal regions after skin cleansing. Cerebral
oxygenation monitoring was performed with NIRS (INVOS
somanetics, 5100C, Covidien, Mansfield, MA, USA) device.
The patients who underwent electroencephalography (EEG)
monitoring were recorded.

Ethical approval to conduct this study was obtained
from the Non-Invasive Ethics Committee of the Faculty of
Medicine of Cukurova University (decision no: 30, date:
07.12.2018). The data were recorded after obtaining written
informed consent from the families of the patients included
in the study.
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Statistical Analysis

Statistical Package for Social Sciences (SPSS for
Windows 20.0 version) was used for statistical analysis.
Categorical variables are expressed as numbers and
percentages. In numerical continuous data, it was stated
that the mean + standard deviation was given for those
with normality distribution, and the median [minimum
(min)-maximum (max)] value was given for those without
normality distribution. Friedman’s test was used to compare
more than two dependent groups that did not show normal
distribution. Kolmogorov-Smirnov test was used to test the
normality of continuous data. The Mann-Whitney U test was
used to compare two independent groups that did not show
normal distribution. Conformity to the normal distribution
was evaluated using the Shapiro-Wilk test. Fisher's Exact
test was used to compare categorical variables according
to groups. Linear regression analysis was used to analyze
the independent variables affecting the duration of intensive
care. The statistical significance level was p<0.05.

Results

We enrolled 49 pediatric patients (11 female), with a
mean age of 90.78+59.70 months (min: 6 months, max: 17
years). Age group classification was made as follows: infant
age group (younger than <24 months, 16.3%, n=8), toddlers
(24-72 months, 28.5%, n=14) and school-age children (>72
months, 55.2%, n=27). According to the age groups, the
most common etiology of trauma was falling from heights
(75%) in infants and out-of-car traffic accidents in toddlers
(43%). In the group =72 months, which constituted the
majority of the patients, falling from heights was the most
common etiology. The classification of the patients according
to their demographic and clinical characteristics is shown in
Table 1.

Mortality did not develop in any of our cases during this
study. The mean PRISM Il score was 6.61+4.97 (min: 0, max:
21), while the mean PELOD score was 5.69+5.09 (min: O,
max: 22). When the need for mechanical ventilation (MV) was
evaluated according to the vital findings, the need for MV was
higher in patients with bradypnea (p=0.004). While 66.7%
of hypotensive patients needed MV, this rate was 11.6% in
non-hypotensive patients (p=0.001) (Table 2). Surgery was
performed in 51% (n=25) of our trauma patients. When the
relationship between vital signs and the need for surgery
was examined, it was seen that there was no significant
relationship between respiratory rate, blood pressure and

Table 1. Demographic and clinical characteristics of the pediatric
trauma patients

Characteristics of the patients ‘ % (n)

Mechanism of injury

Falling from high 36.7% (n=18)

Non-vehicle traffic accident 34.7% (n=17)

In-vehicle traffic accident 8.2% (n=4)
Blunt trauma 6.2% (n=3)
Penetrating trauma 4.1% (n=2)
Firearm injury 4.1% (n=2)
Falling-crash on same ground 2% (n=1)
Hanging 2% (n=1)
Electric shock 2% (n=1)

Glasgow coma scores (GCS)

GCS 212 73.5% (n=36)
GCS9-11 10.2% (n=5)
GCS<8 16.3% (n=8)
Pediatric trauma scores (PTS)

PTS >8 30.6% (n=15)
PTS <8 69.4% (n=34)

According to trauma mechanism need for mechanical
ventilation

Falling from high 22.2% (n=2)
Non-vehicle traffic accident 33.4% (n=3)
In-vehicle traffic accident 11.1% (n=1)
Firearm Injury 11.1% (n=1)
Others 22.2% (n=2)

Respiratory support

No respiratory support 26.5% (n=14)

Oxygen support with reservoir mask 53.1% (n=26)

Need for mechanical ventilation 18.4% (n=9)

According to injured organ systems need for mechanical
ventilation

Head injury 53.4% (n=8)

Extremity injury 20% (n=3)

Thoracicinjury 13.3% (n=2)

Abdominal injury 13.3% (n=2)

According to head trauma types need for mechanical
ventilation

Isolated skull fracture 25% (n=2)
Isolated parenchymalinjury 50% (n=4)
Fracture and parenchyma injury 25% (n=2)

Mechanical ventilation indications

Low Glasgow coma score 10.2% (n=5)

Hemorrhagic shock 4.1% (n=2)

Post-operation 4.1% (n=2)

Blood transfusions

Transfused 36.7% (n=18)

Not transfused 64.3% (n=31)
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body temperature values and surgery. However, patients
with tachycardia needed surgery more (Table 2). Trauma
etiologies and affected systems were evaluated according
to the need for surgery, and no significant difference was
found between them. A total of 18 patients (36.7%) were
administered blood and blood products, and a massive blood
transfusion was needed in one patient. After excluding the
urethral and bladder injury, urinary catheters were placed in
33 (67.3%) patients to monitor urine output and/or monitor
IAP Intra-abdominal pressure measurement was performed
in 15 patients (30.6%). The mean IAP was 9.0£2.4 (min: 5,
max: 14) mmHg. IAH was detected in seven of 15 patients.
Symptomatic treatment with nasogastric decompression and
appropriate fluid management was applied to patients with
IAH. Abdominal compartment syndrome and requirement
of surgical decompression did not occur any of the patients
with intraabdominal hypertension. There was no significant
difference between the lengths of PICU and hospital
stay between those with and without |IAH. There was no
statistically significant difference between the distributions
of mechanical ventilator needs between those with and
without IAH (p=1.000). MV was needed in 20% of those
without IAH, and 10% of those with |AH.

The mean time between trauma and admission to the
pediatric ICU was 31.6+98.7 h, with a median of six h. The

mean hospital stay was eight (min: 2, max: 30) days, and
the mean PICU stay was four (min: 1, max: 13) days. The
median follow-up time on the mechanical ventilator was 48
(min: 12, max: 306) h. 18.4% (n=9) of the patients needed
MV. There was no significant difference between trauma
etiologies, affected organ systems and head trauma types
in terms of MV (p=0.399). When the hospital and PICU
stay of the patients who needed and did not need MV
were compared, it was found that the need for MV had a
statistically significant effect on the duration of PICU stay
and hospitalization (p=0.01, p=0.04) (Table 3).

The critically ill children included in this study were
grouped according to their PTS and GCS scores. Five
patients with GCS below 8 had surgery, and all of them
needed MV. When the lengths of PICU stay were compared
between the patients with mild and moderate brain injury
and no statistically significant difference was found (p=0.66).
There was no difference between the cases with severe and
moderate brain damage for the length of PICU stay (p=0.35).
When the lengths of PICU stay were compared between the
children with severe and mild brain injury, and the difference
was statistically significant (p=0.02). According to the PTS,
there was no correlation between the lengths of stay in
hospital and PICU between the groups. The lengths of PICU
stay were similar in patients who fell from heights and in

Table 2. Classification of patients according to their vital signs recorded within the First hour of admission to the pediatric intensive care
unit; comparison in terms of mechanical ventilation and operation requirement
Mechanical

Patients ventilation value Operation value

n (%) n (%) P n (%) P
Pulse
Bradicardia - - -
Normal 21 (42.9%) 3(14.2%) 0.520 6 (28.6%) 0.01
Tachycardia 28 (57.1%) 6 (21.4%) 19 (67.9%)
Respiratory rate
Bradypnea 3(6.1%) 3(100%) 2 (66.7%)
Normal 30(61.2%) 5(16.6%) 0.004 14 (46.7%) 0.70
Tachypnea 16 (32.7%) 1(6.2%) 9 (56.2%)
Blood pressure
Hypotension 6(12.2%) 4 (66.6%) 6 (100%)
Normotension 32 (65.3%) 4(12.5%) 0.005 14 (43.8%) 0.83
Hypertension 11 (22.4%) 1(9%) ’ 5 (45.5%)
Body temperature
Hypothermia 2 (4.1%) 1(50%) 1(50.0%)
Normothermia 40 (81.8%) 6 (15%) 0.346 21(52.5%) 0.89
Hyperthermia 7 (14.6%) 2 (28.5%) 3(42.9%)

Turk J Intensive Care 2024;22:101-9




Sapmaz Tohumcuoglu et al. Initial Vital Signs and Traumatized Children

105

Table 3. Comparison of pediatric intensive care and hospital stays according to the clinical characteristics of the patients
Length of hospital stay (days) :.deangs;h of pediatric intensive care
Mean £ SD ¥
Median (min-max) p-value Mean 1 SD p-value
Median (min-max)
PTS>8 10.73£7.13 3.80£2.78
n=15 9(3-30 3(1-12
( ) ( ) 0.77 ( ) 0.26
PTS<8 12.2618.80 471+2.96
(n=34) 8 (2-30) 4(1-13)
Falling from high 8.56+6.00 15.4149.26
(n=18) 7.5 (2-25) 12 (4-30)
0.01 0.08
Non-vehicle traffic accident 15.4119.26 5.35%3.23
(n=17) 12 (4-30) 4(2-13)
18.11£10.26 7.11£3.75
Need for MV (n=9) 16 (6-30) 7(2-13)
10.3847.17 3.83+2.34 0.01
= 0.04
No need for MV (n=40) 8 (2-30) 3.5(1-12)
Transfused 16.7849.69 6.00£3.25
n=18 13 (5-30 6.5(2-13
e 8 9(+5 7; 0.0 3 52(+2 213 0.005
Not transfused (n=31) 7 (2-30) 3(1-12)
Inotrope support (n=6) 22.00+9.52 7.17+£2.04
pe support {n= 25.50 (7-30) 7.50 (4-10)
— - 0.01 0.005
Not receiving inotropic support | 10.37£7.11 4.05+2.82
(n=43) 8 (2-30) 3(1-13)
SD: Standard deviation, min-max: minimum-maximum, PTS: pediatric trauma score, MV: mechanical ventilation

those who had out-of-car traffic accidents, but the hospital
stay was longer in the patients who had traffic accidents
(p=0.01). The lengths of PICU stay (p=0.005, p=0.005,
p=0.001) and hospitalization (p=0.02, p=0.01, p=0.04) were
statistically significantly longer in patients who had blood
products or inotropes and in the ones who needed MV
support (Table 3).

The independent variables affecting the length of stay
in the ICU were analyzed by linear regression analysis.
The establish linear regression model was found to be
statistically significant (F=7.554, p<0.001). In the established
linear regression model, the independent variables and the
dependent variable are explained at a rate of 48.9%. Those
with blood products were 2,208 more times than those
without PICU (p=0.005). The application period also has a
positive effect on the duration of the application, and the
duration of the application increases by 0.013 when the
application period increases by one unit (p<0.001). There
was no statistically significant effect of other variables
(p>0.050) (Table 4).

Head trauma was present in 73.5% (n=36) of all cases,
and all of these patients had hyperosmolar therapy for
high intracranial pressure. Hypertonic saline was the agent
chosen in the first step of hyperosmolar therapy. In addition,
10 (27.7%) patients had mannitol in addition to hypertonic
saline. Barbiturates were administered to one (2%) patient
due to a persistent high intracranial pressure. OSD was
measured in those 36 (73.4%) patients with head trauma,
21 (42.9%) patients were followed up with NIRS, and 11
out of 14 (28.5%) patients who had EEG were treated with
antiepileptic (all with levetiracetam and 3 with additional
phenytoin).

Discussion

Trauma-related injuries are one of the most important
causes of mortality, morbidity and health expenditures
in childhood. While trauma takes the second place after
infection among the causes of death between the ages of one
and four in underdeveloped and developing countries, it takes
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Table 4. Examination of the Factors affecting the length of stay in the pediatric intensive care unit by linear regression analysis

B, (95% CI) SE B, t P r r2 VIF
Static 3.461(-0.37-7.292) 1.897 0.000 1.824 0.075 0.000 0.000 0.000
Transfused (reference: no) 2.208 (0.701-3.714) 0.746 0.370 2.960 0.005 0.416 0.420 1.465
Inotropic support (reference: no) 1.106 (-1.377-3.589) 1.230 0.126 0.899 0.374 0.355 0.139 1.841
MV (reference: no) 1.249 (-0.852-3.35) 1.040 0.168 1.201 0.237 0.442 0.184 1.838
BMI -0.122 (-0.341-0.097) 0.108 -0.124  |-1.127 0.266 -0.042 |-0.173 1.144
Application deadline (h) 0.013 (0.007-0.02) 0.003 0.456 4.300 <0.001 0.458 0.557 1.057
Heart beat (reference: normokardi) 0.86 (-0.441-2.16) 0.644 0.148 1.335 0.189 0.301 0.204 1.150
::F::;’lt‘:lf;)essure treatment 1345 (:0.0982.788) | 0.715 0206 [1.882 |0.067 0154 |0282 |1.128

F=7.554. p<0.001. R*=0.563. Corrected R?=0.489. B: non-standardized beta coefficient, B,: standardized beta coefficient, r': zero-order correlation, r% partial correlation, Cl:
confidence interval, BMI: body mass index, MV: mechanical ventilation, SE: standard error, VIF: variance inflation factor

the first place after the age of four in these countries and the
period between 1-14 years in developed countries (2,3).

Wohlgemut et al. (18) examined the demographic and
geographic characteristics of pediatric trauma patients, and
the median age of the patients was 9.0 (4-12) years. In the
Izmir region of our country, Oztan et al. (19) reported the
median age as 16.0 (2-11) years. Yousefzadeh Chabok et al.
(20) reported that the median age of the patients was 7.3
years (3 months-14 years). In our study, the youngest patient
was six months old, the oldest was 17 years old, and the
median age was 6.3 years.

When the etiologies of trauma were examined, falling
from heights was the most common etiology (36.7%) in
our study. This was followed by out-of-car traffic accidents
with 34.7% and in-car traffic accidents with 8.2%. When the
trauma etiologies in the pediatric age group are examined in
the literature, it is evident that falling from heights and out-
of-car traffic accidents are the most frequent etiologies for
trauma, similar to our patient group (21). Yousefzadeh Chabok
et al. (20) studied 588 patients aged 0-14 years in Iran, and
the most common trauma etiologies were traffic accidents
at a rate of 42.2% and falls at a rate of 39.8%. In the study
conducted by Korkmaz et al. (22), it was determined that
traffic accidents (50.4%) and falls (18.3%) were more
frequent, followed by sharp object injuries (10.9%).

Tambay et al. (1) reported the mean hospital stay as
5.54+6.42 days and the longest hospital stay as 50 days.
In another study, the length of PICU stay was 5.8+6.4
(1-34) days and the length of hospital stay was 5.8+7.2
(2-50) days (19). In our study, the mean length of hospital
stay was 11.8+8.2 days, the longest length of hospital stay
was 30 days, and the mean PICU stay was 4.4+2.9 days.
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Since ours is a tertiary healthcare institution, better intensive
care services in our unit, early diagnosis and treatment of
complications, such as possible organ failure and sepsis,
increased survival and enable patients to receive longer
treatment. The median length of stay in PICU was four
(1-13) days, while the median length of hospital stay was
eight (2-30) days in our study. Simon et al. (23) reported the
length of hospitalization between one and 72 days, with a
mean of 9.7+13.1 and a median of four days. In the study
of Atike Ongun and Dursun (24), the median duration of
PICU stay was four (1-22) days, and the median duration
of hospitalization was 10.5 (1-96) days, similar to our study.

Thirty to fifty percent of trauma-related deaths occur at
the accident site, and 30% occur within h or days after the
accident, usually in the first h. Mortality rates can be reduced
by rapid transport to a suitable hospital, rapid evaluation and
resuscitation, and recognition of patients requiring surgical
intervention. In addition, managing trauma patients in the
emergency and PICU and a multidisciplinary approach are
important to reduce mortality and morbidity (25,26). The
fact that the 49 patients included in our study did not die
is probably because the deaths occurred at the time of the
accident while reaching the accident site or in the emergency
room. In addition, eight patients with GCS scores below 8
were extubated during their follow-up in PICU and were
transferred to the clinics where their follow-up will continue
without any sequelae.

MV was needed in 18.4% of the patients we followed
up in our PICU due to trauma. The indication for MV was
a low GCS in five (10.2%) patients, hemorrhagic shock in
two (4.1%) patients, and surgery in two (4.1%) patients. In a
study involving a larger patient population, the MV rate of the
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patients was reported as 12.2%, with similar characteristics
(27). The median follow-up period of our patients on the
mechanical ventilator was 48 h. Atike Ongun and Dursun
(24), on the other hand, found the median follow-up period
on a mechanical ventilator as three days.

Surgical intervention was performed in 51% of our
patients. Tambay et al. (1) reported that 43.3% of their
patients had surgery. In our study, blood transfusion was
administered to 18 (36.7%) patients. In their study, Anil et
al. (27) evaluated blunt high-energy trauma patients and
reported a blood transfusion rate of 7%. The higher rate in
our study may be explained by the inclusion of penetrating
injuries and the need for blood transfusion more frequently
in such injuries.

One of the best-known scoring systems is GCS. It
has been widely used in triage scoring and for predicting
mortality. Admission GCS has been found useful in predicting
injury severity and the motor component is the most reliable
and strongest predictor. In our country, Atike Ongun and
Dursun (24) evaluated GCS in relation to traumatic brain
injury, and 35.2% of the included patients had mild, 17.7%
had moderate, and 47.7% had severe traumatic brain injury.
In our study, 16.3% of patients had GCS <8 and had a severe
traumatic brain injury. In the same study, when the lengths
of PICU and hospital stays were compared according to the
GCS of the patients, the mean PICU stay was 7.33+5.78
days in patients with severe traumatic brain injury, and the
median length of hospital stay was 16.5 (1-96) days (24). On
the other hand, we found the mean PICU stay as 7.00+4.00
days and the median length of hospital stay as 15 (6-30) days
in patients with severe traumatic brain injury. In our study,
when the lengths of PICU and hospital stays were compared
between the patients with severe and mild traumatic brain
injury, the mean PICU stay was 3.66+2.45 days in patients
with mild traumatic brain injury, and a statistically significant
difference was found between the lengths of PICU stay in
these two groups.

Head trauma is the most common form of pediatric
trauma and is the most common cause of trauma-related
mortality and morbidity (28). Mayer et al. (25) reported head
injuries as the most common (78.8%) type of injury in the
pediatric population. In their study conducted in Tanzania in
2013, Simon et al. (23) found that head and neck injuries
were the most common form of trauma in children. In
a study conducted by Dogan et al. (29) in our country, in
which 1293 pediatric trauma patients aged 0-16 years were
examined, the most common injury sites were head and

neck (41.9%) and extremities (33.4%). In our study, 73.5%
of the patients had head trauma. Extremity (30.6%) and
thoracic (26.5%) injuries were the second and third most
common injuries. In our study, 73.5% of the patients had
head trauma and intracranial pathologies detected on their
cranial tomography were subdural hemorrhage in 22.4%,
epidural hemorrhage in 16.3%, cerebral edema in 16.3%,
and a parenchymal hemorrhage in 10.2% of the patients.
In the study of Atike Ongun and Dursun (24), 28.4% of
the patients had a subarachnoid hemorrhage, 14.8% had a
subdural hemorrhage, 12.6% had an epidural hemorrhage,
and 10.3% had a parenchymal hemorrhage. Unlike our study,
Atike Ongun and Dursun (24) detected brain edema in 48.9%
of their patients. All of the patients (73.5%) in our study, who
were followed up for head trauma, had hyperosmolar therapy
for high intracranial pressure. Hypertonic saline was the agent
chosen in the first step of hyperosmolar treatment. Ten
(27.7%) patients had mannitol in addition to hypertonic saline.
In our study, none of the patients were administered mannitol
alone. Atike Ongun and Dursun (24) reported that 67 % of the
patients followed in their pediatric ICU due to traumatic brain
injury were treated for high intracranial pressure, 10.2% of
them were treated with mannitol alone, 14.8% were treated
with hypertonic saline alone, and the remaining patients were
administered both hyperosmolar agents.

The pediatric trauma scores is used to assess the severity
and extent of injury accurately (30). Using the pediatric
trauma score, Simon et al. (23) determined the severity of
the injury as 0-5 for severe injury, 6-8 for moderate injury, and
9-12 for mild injury. Most of the patients had a mild injury;
40% and 3.3% of the patients had moderate and severe
injuries, respectively (23). In our study, 30.6% of the patients
had PTS >8 and had trauma caused by minor injuries. The
remaining 69.4% had PTS <8 and severe trauma. This score
is a physiological scoring system developed especially for
the triage of pediatric trauma patients, and we suppose
that the high rate of severe trauma patients in our study is
because our clinic is a tertiary center. Anil et al. (27) reported
that patients with PTS <8 had a longer hospital stay and
longer follow-up in the emergency department. In our study,
no significant difference was found between the lengths of
hospital and PICU stay according to the PTS of our patients.
We explain this with the small number of patients included
in our study.

The limitations of our study are the lack of examining the
factors affecting mortality in critically ill children followed up
due to trauma, due to the small number of cases followed
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in the PICU due to trauma in the specified period and the
absence of any mortality.

Conclusion

Pediatric patients are vulnerable to trauma due to their
different anatomical and physiological characteristics than
adults; therefore, the prevention of trauma should be aimed
first. It is very important to identify critically ill children with
appropriate triage and scoring systems in case of trauma and
transport them to the centers that can provide appropriate
treatment as soon as possible and monitor them by making
the necessary interventions in a timely manner. As a result,
the main goal is to reduce mortality and morbidity. In our
study, the effects of vital signs and trauma scores on
morbidity and length of stay in PICU are evident in pediatric
trauma patients. The importance of treatment and follow-up
of appropriate patients in experienced centers has been
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Secondary Infection and Co-infection in COVID-19
Patients Receiving Tocilizumab

Tocilizumab Alan COVID-19 Hastalarinda Sekonder
Enfeksiyon ve Ko-enfeksiyon

ABSTRACT Objective: Tocilizumab (TCZ) is a recombinant humanized anti-interleukin-6 receptor
monoclonal antibody that is beneficial in critically ill coronavirus disease-2019 (COVID-19) patients.
However, the clinical efficacy and safety of immunosuppressants (including TCZ, sarilumab and
anakinra) in COVID-19 patients are not yet known. These treatments may predispose patients to
infection. The aim of this study was to find any connection between the use of TCZ and increased
secondary bacterial infections.

Materials and Methods: In this study, we conducted retrospective analyses of secondary bacterial
infections in COVID-19 patients in the intensive care unit (ICU). This study included patients
with laboratory-confirmed COVID-19 infection or clinically and radiologically confirmed COVID-19
infections who were admitted to the university hospital adult ICUs between March 2020 and
January 2022. Demographic data, recent exposure and travel history, clinical symptoms or signs,
laboratory findings, and comorbidities were recorded. Microbial cultures from tracheal aspirates,
blood, and urine were obtained at admission and throughout the hospital stay. The patients who
received TCZ treatment noted and analyzed for seconder infections. Blood cultures were taken at
least 48 hours after the first dose of TCZ.

Results: We found that 80 patients (%37) had positive culture samples at admission, and most of
these cases were admitted to the ICU from various hospital wards. The analyzed data showed that
the TCZ group had a higher incidence of positive culture samples (75% vs. 35%, p=0.0001). The
results showed that culture of TCZ taken patients had more incidence with methicillin resistance
Staphylococcus aureus, Klebsiella spp., and Acinetobacter spp. (p=0.0001). Infection and mortality
rates were much higher than those in the usual care group.

Conclusion: Secondary infections and sepsis are major risk factors for mortality. The pathogens
detected were drug resistant and had a lower chance of treatment. The benefit of TCZ treatment
was lost in these patients because of secondary infections. Future studies are needed to help
determine the risks of TCZ treatments.

Keywords: Seconder infection, COVID-19, tocilizumab

0z Amag: Tocilizumab (TCZ), kritik durumdaki koronaviriis hastaligi-2019 (COVID-19) hastalarinda
fayda saglayan, rekombinant bir anti-interlokin-6 reseptori monoklonal antikordur. Bununla birlikte,
COVID-19 hastalarinda immiinostpresan tedavilerin (TCZ, sarilumab ve anakinra dahil) klinik etkinligi
ve glvenligi hentz bilinmemektedir. Bu tedaviler hastalari enfeksiyona yatkin hale getirebilir. Bu
galismanin amaci, TCZ kullanimi ile artmis sekonder bakteriyel enfeksiyonlar arasinda herhangi bir
baglanti bulmaktir.

Gerec ve Yontem: Bu calismada yogun bakim Gnitesindeki (YBU) COVID-19 hastalarinda sekonder
bakteriyel enfeksiyonlarin retrospektif analizlerini yaptik. Bu calismaya Mart 2020 ile Ocak 2022
tarihleri arasinda iniversite hastanesinin yetiskin YBU'lerine kabul edilen laboratuvarca dogrulanmis
COVID-19 enfeksiyonu veya klinik ve radyolojik olarak dogrulanmis COVID-19 enfeksiyonu olan
hastalar dahil edilmistir. Demografik veriler, yakin zamandaki maruziyet ve seyahat dykusu, klinik
semptomlar veya bulgular, laboratuvar bulgular ve eslik eden hastaliklar kaydedildi. Trakeal
aspiratlardan, kan ve idrardan mikrobiyal kiltdrler, hastaneye yatista ve hastanede kaldiklari stre
boyunca alindi. TCZ tedavisi alan hastalar sekonder enfeksiyonlari not etmis ve analiz etmislerdir.
Kan kaltarleri ilk TCZ dozundan en az 48 saat sonra alinmistir.
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Bulgular: Seksen hastada (%37) basvuru sirasinda kultiir érneginin pozitif oldugunu ve bu olgularin cogunun cesitli hastane servislerinden YBU'ye kabul
edildigini saptadik. Analiz edilen veriler, TCZ grubunun pozitif kiltlr érnekleri insidansinin daha ylksek oldugunu gdsterdi (%75'e karsl %35, p=0,0001).
Sonuglar, TCZ kiltlrG alan hastalarda metisilin direnci insidansinin daha ylksek oldugunu gostermistir. Staphylococcus aureus, Klebsiella spp. ve
Acinetobacter spp. (p=0,0001). Enfeksiyon orani ve 6lim orani normal bakim grubundan ¢ok daha ylksekti.

Sonug: Sekonder enfeksiyonlar ve sepsis mortalite icin dnemli bir risktir. Tespit edilen patojenler ilaca direncliydi ve tedavi sansi daha distktl. Bu hastalarda
sekonder enfeksiyonlar nedeniyle TCZ tedavisinin yarari kaybolmustur. TCZ tedavilerinin risklerini belirlemeye yardimci olmak icin gelecekteki calismalara

ihtiyac vardir.
Anahtar Kelimeler: Sekonder enfeksiyon, COVID-19, tocilizumab

Introduction

Most of the coronavirus disease-2019 (COVID-19)
patients are asymptomatic or have symptoms that don't
need hospitalization. However, there are patients who
develop a respiratory failure requiring oxygen support and
hospital care. Many of them need intensive care unit (ICU)
admission and ventilator support (1). In these patients, COVID
has a progressive clinical characteristic. The disease usually
begins as an upper respiratory tract infection. Following
days, patients have rapid deterioration and increased oxygen
support. This results acute respiratory distress syndrome
(ARDS), multi-organ failure and death (2).

The pathogenesis of COVID-19 is thought a dysregulated
inflammatory response causing clinical manifestations
in patients (3). This systemic response includes massive
releasing of cytokines such as interleukin (IL)-1, IL-6 (4).
This process causes alveolar damage and microvascular
thrombosis (5). Treatment of COVID-19 focuses on stopping
hyperinflamation response using corticosteroids and immune
suppressive agents.

Tocilizumab (TCZ) is a recombinant humanized anti-IL-6
receptor monoclonal antibody that inhibits the binding of
IL-6 to both membrane and soluble IL-6 receptors, blocking
IL-6 signaling and reducing inflammation. The drug is used
in rheumatoid arthritis, juvenile inflammatory arthritis and
refractory giant cell arteritis (6). TCZ is also approved for
systemic inflammatory response caused by the massive
release of proinflammatory cytokines (7,8). TCZ was tested
in many COVID-19 cases due to these characteristics and
shown that many laboratory parameters improved such
as C-reactive protein, lactate dehydrogenase, ferritin and
total leukocyte count. TCZ usage in severe COVID-19
patients causes less complications, decreased duration of
hospitalization, decreased needs for ICU admission (9).

Secondary infections are common in viral respiratory
diseases. There are studies that shows secondary bacterial
infection (SBI) is seen 5-15% of patients with COVID-19.

According to reports, 50% of COVID-19 deaths had history of
SBls. SBls have a higher risk of mortality (10). Using immune
suppressive treatment makes patients proned to SBI. In
most cases, benefit of avoiding pulmonary fibrosis due to
COVID infection more beneficial then avoiding SBI.

In this study, we conducted a retrospective analysis of
SBIs in COVID-19 patients at ICU. The aim of this study is
to find any connection between usage of TCZ and increased
SBIin these patients. This connection may lead better clinical
follow-up and making health providers aware of SBI risk.

Materials and Methods

The permission for this retrospective study had taken
from Non-invasive Clinical Research Ethics Committee of
Pamukkale University (no: E-60116787-020-14359, date:
02.02.2021).

This research involved individuals who were admitted
to the adult ICUs at the university hospital between March
2020 and January 2022, with confirmed cases of COVID-
19 either through laboratory tests or clinical and radiological
examinations. COVID-19 diagnosis relied on either a positive
outcome from a reverse-transcriptase—polymerase-chain
reaction test or antibody Rapid Test using samples collected
from nasopharyngeal swabs or endotracheal aspirates.
Patient information was retrieved from electronic records
stored in the hospital's computer system.

Data Collection

We gathered information on demographics, recent
exposure, travel history, clinical symptoms, laboratory results,
and existing health conditions. Additionally, we calculated
and documented scores for acute physiology and chronic
health evaluation-ll and sequential organ failure assessment.
Parameters related to invasive mechanical ventilation were
also noted. Radiological evaluations, including chest X-rays
or computed tomography scans, were conducted upon
admission and as necessary. We recorded arterial partial

Turk J Intensive Care 2024;22:110-5



112

Erdogan et al. Secondary Infection in COVID

pressure of oxygen (PaO,), PaO,/FiO, ratio, and occurrences
of ARDS. Sepsis and septic shock were defined and treated
according to established guidelines and recommendations
from the Turkey Ministry of Health for managing COVID-
19 patients (11,12). Microbial cultures from tracheal
aspirates, blood, and urine were obtained at admission and
throughout the hospitalization period. The patients evaluated
with infection diseases departments and rheumatology
departments for TCZ treatment. The patients who took TCZ
treatment had noted and analyzed for seconder infections.
The blood cultures had taken at least 48 hours after first
dose of TCZ. The patients discharge status (dead, alive), and
length of stay in the ICU were also recorded.

Statistical Analysis

All statistical analyses were performed using SPSS 25.0
(IBM SPSS Statistics 25 software (Armonk, NY: IBM Corp.).
Continuous variables were defined by the mean + standard
deviation and categorical variables were defined by number
and percent. Difference between categorical variables were
analyzed with chi-square analysis. Statistical significance
was determined as p<0.05.

Results

Two hundred and sixteen patients admitted to ICU with
laboratory confirmed COVID-19 infection between March
2020 and January 2022.

66.7% of the patients were male. Mean age was
65.93+14.45 years. 49.1% of the patients admitted to ICU
from emergency service and the others were from COVID-
19 wards and other wards. One or more comorbidities
was found in 192 patients. Twenty-four patients had no
comorbidity. Three hundred thirty eight comorbidities had
detected in these patients. Hypertension was the most
common comorbidity in these patients (44.4%). Diabetes
mellitus (38%) and oncological diseases (17.6%) followed
hypertension (Table 1). The infection parameters at admission
are shown at Table 1.

Sixty patients were intubated at beginning of admission
(27.7%). Forty patients were intubated in course of
admission. One hundred and sixteen patients were followed
with high-flow nasal oxygen (HFNO) and non-invasive
mechanic ventilation (NIMV) (53.7%). HFNO and NIMV
administered alternately. Sixteen patient who received
TCZ were intubated which only one of them survived and
discharged.
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At the admission, empiric antibiotics were started by
infection diseases department according to laboratory and
clinical findings. Thirty-three patients didn’t receive any
empiric treatment. Tigecycline, piperacillin-tazobactam and
ceftriaxone were the most chosen options in treatment.
The microbial samples of patients had taken at admission.
Eighty patients had positive culture. 94% of these cultures
were blood samples. Most common pathogens were
coagulase negative staphylococcus, methicillin resistant
Staphylococcus aureus and Enterococcus spp. After positive
culture samples, empiric treatment had changed according
to antimicrobial resistance testing in 28 patients (13%).
The microbiological findings and treatments at admission is
shown at Table 2.

Patients with macrophage activation syndrome who have
no or little response to glucocorticoids had treated with TCZ
(humanized monoclonal antibody against the IL-6 receptor).
The dosage used for TCZ is 8 mg/kg (patients >30 kg) or 12
mg/kg (patients <30 kg) as a single dose (maximum: 800
mg/dose). TCZ treatment was decided with the cooperation
of infection diseases department and rheumatology
department. Twenty four of 216 patients has taken TCZ
treatment with approvement of Turkish Health Ministry.

Table 1. Demographics and clinical characteristics of the
patients

Age (mean  SD) 65.93+14.45

Sex (M/F) 144 (66.7%)/72 (33.3%)
SOFA score (mean + SD) 2.6%1.32

C,(:?:;::)Sion service (emergency/other 106 (49.1%)/110 (50.9%)
Length of ICU stay (day) (mean + SD) 11.1749.77

Exitus 94 (43.5%)
Comorbidities

Hypertension 96 (44.4%)

Diabetes mellitus 82 (38%)

Oncological diseases 38(17.6%)

Cardiac failure 20(9.3%)

Coronary artery disease 19 (8.8%)

Hematological disease 13 (6%)

Laboratory findings at admission

Procalcitonin (mean % SD) 2.9+£10.51

C-reactive protein (mean + SD) 123.83+86

Ferritin (mean = SD) 1023.33+1335.09

SD: Standard deviation, ICU: intensive care unit, SOFA: sequential organ failure
assessment
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Eighteen of 24 patients who taken TCZ treatment, had
worsened clinical conditions and increased level of infection
markers. Culture samples were taken. Methicillin resistance
S. aureus (n=11) Klebsiella spp. (n=6) and Acinetobacter spp.
(n=6) were most common in these patients.

Almost all of the patients needed to repeat cultures due
to clinical and laboratory worsening. Fifty seven of patients
who didn't receive anti-cytokine treatment had positive result
in their cultures. The pathogens were methicillin resistance
S. aureus (n=28) Klebsiella spp. (n=10) and Acinetobacter
spp. (n=10), Enterococcus spp. (n=8), Pseudomonas spp.
(n=6), Candida spp. (n=3).

The difference of clinical and microbiological
characteristics is shown at Table 3. The results have
compared between patients who received TCZ and who
didn’t. There was no statistical difference in cultures at
admission. There was an increased positive rating in cultures
that were utilized after clinical worsening (p=0.0001). The
results showed that culture of TCZ taken patients had more

Table 2. Microbiological findings at admission and antimicrobial
treatment characteristics

(F;gilatll\;e:;l:l;;]re samples (positive/negative) 80 (37%)/136 (63%)
Pathogens at culture positive patients

Coagulase negative Staphylococcus 35 (43.8%)
Methicillin resistant Staphylococcus aureus | 33 (41.3%)
Enterococcus spp. 7 (8.8%)
Klebsiellaspp. 3(3.8%)
Corynebacterium spp. 3(3.8%)
Candida spp. 2 (2.5%)
Acinetobacter spp. 1(1.3%)
Pseudomonas spp. 1(1.3%)
Other pathogens 5(6.3%)
Positive sample location

Blood 78 (97.5%)
Tracheal aspiration 4 (5%)
Urine 1(1.3%)
Empiric treatment at admission

Tigecycline 66 (12%)
Piperacillin-tazobactam 50 (9.1%)
Ceftriaxone 42 (7.6%)
Meropenem 7 (3.1%)
Teicoplanin 14 (2.5%)
No antibiotics 33 (6%)

incidence with methicillin resistance S. aureus, Klebsiella
spp. and Acinetobacter spp. (p=0.0001). Death was more
common in TCZ group. There was no difference in admission
service.

Discussion

After COVID-10 outbreak, many immunocompromised
patients were admitted to ICUs. There has been an increased
need of ICUs. Many of these patients had SBls and ICU
specialists fought with sepsis and co-infection beside COVID-
19. There are many studies, reviews and case report about
secondary infections in COVID. The mechanism of increased
SBI thought to be the failure of the adaptive immune reaction
toward viral infection against bacterial infection (13).

In one study, researchers utilized the data of 1,495
cases and 6.8% of these cases had secondary bloodstream
infections. The pathogens in these cases were mostly
Gram-negative bacteria such as Acinetobacter baumanii
(35.8%) and Klebsiella pneumoniae (%30.8) (10). In a study,
Zhang et al. (14) analyzed 148,221 patients with severe
acute respiratory syndrome coronavirus-2 pneumonia were
admitted to Zhongnan Hospital, Wuhan, China. 25.8%
(57/221) patients had co-infections, 29.8% (17/57) of these
cases were co-infected with bacteria (14).

In our study, secondary infection rate was higher like these
studies. Eighty patients (37%) had positive culture sample at
admission and most of these cases was admitted to ICU from
various hospital wards. The reason for high rate of positive
cultures at admission is thought to be long duration of hospital
admission. Most patients had come to ICU after being in
infection wards for days. Most of the positive cultures had
the pathogens such as coagulase negative Staphylococcus,
methicillin resistant S. aureus and Enterococcus spp. Most
of our patients had worsened clinically (fever, decreased
consciousness) and had cultures repeated. Seventy five of
these patients (35%) had SBI with positive cultures. These
results are consistent with other studies.

There are limited studies about secondary infections in
patients who take anti-cytokine, anti-inflammatory treatment.
It is known that these treatments cause predisposition with
secondary infections. TCZ is most used immunomodulatory
treatment in our ICU. These patients evaluated about
infections, immunosuppressive conditions, tuberculosis,
human immunodeficiency virus. After this evaluation, TCZ
admitted.
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Table 3. Comparison of clinical and microbiological characteristics
o Non-tocilizumab
Tocilizumab group p-value
group
L. . Emergency | 12 (50%) 94 (48.96%)
Admission service 0.923
Wards 12 (50%) 98 (51.04%)
Discharge 9 (37.5%) 113 (58.85%)
Outcome 0.047"
Death 15 (62.5%) 79 (41.15%)
Negative 6 (25%) 153 (79.69%)
Cultures — 0.0001
Positive 18 (75%) 39 (20.31%)
. Negative 209 (96.76%) 187 (97.4%) 0.176
Coagulase negative Staphylococcus —
Positive 7 (3.24%) 5(2.6%)
o Negative 13 (54.17%) 175 (91.15%) 0.0001*
Methicillin resistance S. aureus —
Positive 11 (45.83%) 17 (8.85%)
. Negative 22 (91.67%) 187 (97.4%) 0.176
Corynebacterium —
Positive 2(8.33%) 5 (2.6%)
. Negative 18 (75%) 188 (97.92%)
Klebsiella spp. — 0.0001"
Positive 6 (25%) 4(2.08%)
. Negative 18 (75%) 188 (97.92%)
Acinetobacter spp. — 0.0001
Positive 6 (25%) 4 (2.08%)
Negative 20(83.33%) 188 (97.92%)
Enterococcus spp. — 0.006
Positive 4(16.67%) 4 (2.08%)
Negative 22 (91.67%) 188 (97.92%)
Pseudomonas spp. — 0.135
Positive 2 (8.33%) 4 (2.08%)
. Negative 23 (95.83%) 190 (98.96%)
Candida spp. — 0.299
Positive 1(4.17%) 2 (1.04%)
*p<0.05 statistically significant; chi-square test

The analyzed data showed that TCZ group has a higher
incidence of positive culture samples (75% vs. 35%,
p=0.0001). Methicillin resistance S. aureus, Klebsiella spp.
and Acinetobacter spp. had increased incidence in TCZ
group’s cultures against usual care group'’s (respectively, 45-
8%, 25-2% and 24-2%; p=0.0001 for each).

Giacobbe et al. (15), studied secondary bloodstream
infections among critically ill patients with COVID-19. They
found the cumulative risk of SBI was 25% after 15 days and
50% after 30 days of ICU stay. The study also showed that
TCZ was associated with an increased risk of secondary
infection (p=0.003) (15). Our data is consistent with these
ratios.

RECOVERY study showed that the patients receiving
TCZ has higher chance for discharge at 28 day of admission
and lower rates for mortality and MV needs. RECOVERY
study didn’t analyze infection situation in patients (6).

Turk J Intensive Care 2024;22:110-5

In one study, receiving TCZ was associated with a higher
risk of secondary bacterial (48.1% vs. 28.1%; p=0.029
infections and higher mortality (35.2% vs. 19.3%; p=0.020)
(16). Our mortality rate is higher in TCZ group consistent
with higher positive culture rates (62% vs. 41%, p=0.004).
Our results are similar with this study.

In our study, infection rate and mortality rate were much
higher than usual care group. Secondary infections and
sepsis are a major risk for mortality. The pathogens detected
were drug-resistance and had a lower chance of treatment.
The benefit of TCZ treatment lost in these patients because
of secondary infections.

Another reason for higher mortality is thought to need
of MV. Our data showed that 66% of the patients who
received TCZ were intubated. Only one of them survived and
discharged while other patients were lost. MV is a major risk
for both infection and mortality. This is also a controversial
point. TCZ prones to infection but TCZ is given to patients
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who are in severe condition like need of MV. Further studies
are needed in more specific groups on this subject.

In an ongoing study, the mortality rate in TCZ-treated
patients was 24.1%. There was an association between
mortality and seniority, the need for mechanic support, the
presence of critical COVID-19 and severe lung parenchymal
disease. The same study found that invasive MV support,
immunosuppression and extended lung injury may increase
the risk for SBIs (17).

This study has several limitations: small sample size,
retrospective nature (selection and information biases) and
single-center nature (contamination and flora of the same
ICU).

Conclusion

The incidence rate of SBI is higher in critically ill
patients in COVID-19. TCZ is a promising treatment for
COVID patients who has overactive immune system due to
cytokines. In response to this, TCZ can create predisposition

to infection which causes sepsis and mortality. These risks
cast a suspicion of benefit in TCZ treatment. These findings
should be confirmed with a larger randomized clinical trial
with longer follow-up. Future studies are needed to help
determine about risks of TCZ treatments.

Ethics

Ethics Committee Approval: The permission for this
retrospective study had taken from Non-invasive Clinical
Research Ethics Committee of Pamukkale University (no:
E-60116787-020-14359, date: 02.02.2021).

Informed Consent: Retrospective study.

Authorship Contributions

Concept: C.E., H.S,, Design: C.E., H.S., Data Collection
and Process: C.E., M.K., B.S., Analysis or Interpretation: C.E.,
M.K., H.S., Literature Search: C.E., M.K., Writing: C.E.

Conflict of Interest: No conflict of interest was declared
by the authors.

Financial Disclosure: The authors declared that this
study received no financial support.

References hospital with COVID-19 (RECOVERY): 12. T C. Ministry of Health general directorate
a randomised, controlled, open-label, of public health, COVID-19 (SARS-CoV-2
1. Verity R, Okell LC, Dorigatti |, Winskill R platform trial. Lancet 2021;397:1637-45. infection guide, Ankara. 2022. Accessable
Whittaker C, Imai N, et al. Estimates of 7. Roumier M, Paule R, Groh M, Vallee A, on: https://covid19.saglik.gov.tr/TR-66393/
the severity of coronavirus disease 2019: Ackermann F Interleukin-6 blockade for covid-19-salgin-yonetimi-ve-calisma-rehberi.
a model-based analysis. Lancet Infect Dis severe COVID-19. medRxiv 2020. html
2020;20:669-77. 8. Guaraldi G, Meschiari M, Cozzi-Lepri  13. Mirzaei R, Goodarzi P Asadi M, Soltani A,
2. Zhou FEYuT DuR, Fan G, Liu Y, Liu Z, et A, Milic J, Tonelli R, Menozzi M, et al. Aljanabi HAA, Jeda AS, et al. Bacterial co-
al. Clinical course and risk factors for Tocilizumab in patients with severe COVID- infections with SARS-CoV-2. IUBMB Life.
mortality of adult inpatients with COVID- 19: a retrospective cohort study. Lancet 2020;72:2097-111.
19 in Wuhan, China: a retrospective cohort Rheumatol 2020;2:474-84. 14. Zhang G, Hu C, Luo L, Fang F Chen Y,
study. Lancet 2020;28:1054-62. 9. Sarhan RM, Madney YM, Abou Warda Li J, et al. Clinical features and short-
3. Mehta P McAuley DF Brown M, Sanchez AE, Boshra MS. Therapeutic efficacy, term outcomes of 221 patients with
E, Tattersall RS, Manson JJ, et al. COVID- mechanical ventilation, length of hospital COVID-19 in Wuhan, China. J Clin Virol
19: consider cytokine storm syndromes stay, and mortality rate in severe COVID-19 2020;127:104364.
and immunosuppression. Lancet patients treated with tocilizumab. Int J Clin ~ 15.  Giacobbe DR, Battaglini D, Ball L,
2020;395:1033-4. Pract 2021;75:14079. Brunetti |, Bruzzone B, Codda G, et al.
4. Del Valle DM, Kim-Schulze S, Huang HH,  10. LiJ, Wang J, Yang Y, Cai P Cao J, Cai X, et Bloodstream infections in critically ill
Beckmann ND, Nirenberg S, Wang B, et al. Etiology and antimicrobial resistance of patients with COVID-19. Eur J Clin Invest
al. An inflammatory cytokine signature secondary bacterial infections in patients 2020;50:13319.
predicts COVID-19 severity and survival. hospitalized with COVID-19 in Wuhan, 16. Kimmig LM, Wu D, Gold M, Pettit NN,
Nat Med 2020;26:1636-43. China: a retrospective analysis. Antimicrob Pitrak D, Mueller J, et al. IL6 inhibition in
5. Dorward DA, Russell CD, Um IH, Elshani Resist Infect Control 2020:9:153. critically ill COVID-19 patients is associated
M, Armstrong SD, Penrice-Randal R, etal. 11, Evans L, Rhodes A, Alhazzani W, Antonelli with increased secondary infections.
Tissue-specific immunopathology in fatal M, Coopersmith CM, French C, et al. medRxiv 2020.
COVID-19. Am J Respir Crit Care Med Surviving sepsis campaign: international ~ 17.  Colak S, Tekgdz E, Cinar M, Yilmaz G, Tecer
2021,203:192-201. guidelines for management of sepsis and D, Bicakel F et al. Efficacy of tocilizumab in
6. RECOVERY Collaborative Group. septic shock 2021. Intensive Care Med. severe COVID-19: a retrospective study. J

Tocilizumab in patients admitted to

2021,47:1181-247.

Health Sci Med 2022;5:592-9.

Turk J Intensive Care 2024;22:110-5



Turk J Intensive Care 2024;22:116-21
DOI: 10.4274/tybd.galenos.2023.09327

ORIGINAL RESEARCH / 0ZGUN ARASTIRMA

© Tuba ilgar,

©® Sudem Mahmutoglu Colak,
® Kiibra Akyiiz,

@ Giilsiin Cakir Odabas,

® Siileyman Koc,

® Aybegiim Ozsahin,

©® Ayca Telatar,

©® Ozcan Yavasi

Received/Gelis Tarihi :09.05.2023
Accepted/Kabul Tarihi :26.07.2023

Tuba ligar, Sudem Mahmutoglu Colak, Aybegiim
Ozsahin

Recep Tayyip Erdogan University Faculty of Medicine,

Department of Infectious Diseases and Clinical
Microbiology, Rize, Turkey

Kibra Akylz, Gulstn Cakir Odabas
Rize State Hospital, Clinic of Pulmonology, Rize,
Turkey

Slleyman Kog
Rize State Hospital, Clinic of Infectious Diseases and
Clinical Microbiology, Rize, Turkey

Ayca Telatar
Rize State Hospital, Clinic of Anesthesiology and
Reanimation, Rize, Turkey

Ozcan Yavasi

Recep Tayyip Erdogan University Faculty of Medicine,

Department of Emergency Medicine, Rize, Turkey

Tuba llgar (=),

Recep Tayyip Erdogan University Faculty of Medicine,

Department of Infectious Diseases and Clinical
Microbiology, Rize, Turkey

E-mail . tubailgar@gmail.com
Phone 1 +90 544 742 64 77
ORCID ID : orcid.org/0000-0003-2476-8295

Presented in: This paper was presented as an oral
presentation in the congress of “23 International
Turkish Clinical Microbiology and Infectious Diseases
Congress, 13-16 March 2023".

Copyright® 2024 The Author. Published by Galenos Publishing House on behalf of Turkish Society of Intensive Care.
This is an open access article under the Creative Commons Attribution-NonCommercial-NoDerivatives 4.0 (CC BY-NC-ND) International License.

116

Predicting Mechanical Ventilation, Intensive Care
Unit Admission, and Mortality in COVID-19 Patients:
Comparison of Seven Different Scoring Systems

COVID-__1 9 Hastalarinda Mekanik Ventilasyon, Yogun
Bakim Unitesine Yatis ve Mortalite Tahmini: Yedi Farkli
Skorlama Sisteminin Karsilastinimasi

ABSTRACT Objective: In this study, we investigated whether scoring systems determine
coronavirus disease-2019 (COVID-19) severity.

Materials and Methods: COVID-19 patients hospitalized between 01.09.2020 and 31.04.2021 were
retrospectively assessed. The national early warning score (NEWS), modified early warning score,
rapid emergency medicine score, quick sequential organ failure assessment score (q-SOFA), CURB-
65, MUuLBSTA, and ISARIC-4C scores on admission day were calculated. Scoring systems' ability to
predict mechanical ventilation (MV) need, intensive care unit (ICU) admission, and 30-day mortality
were assessed.

Results: A total of 292 patients were included; 137 (46.9%) were female, and the mean age was
62.5+15.4 years. 69 (23.6%) patients required ICU admission, 45 (15.4%) needed MV, and 49
(16.8%) died within 30 days. No relationship was found between g-SOFA and MV need (p=0.167),
but a statistically significant relationship was found between other scoring systems and MV
need, ICU admission, and 30-day mortality (p<0.05). ISARIC-4C (optimal cut-off >5.5) and NEWS
(optimal cut-off >3.5) had the highest area under the curve in receiver operating characteristic curve
analyses, whereas g-SOFA had the lowest.

Conclusion: The severity of COVID-19 could be estimated by using these scoring systems,
especially ISARIC-4C and NEWS, at the first admission. Thus, mortality and morbidity would be
reduced by making the necessary interventions earlier.

Keywords: COVID-19, ISARIC-4C, mortality, NEWS, scoring systems

0z Amag: Calismada skorlama sistemlerinin koronaviriis hastaligi-2019 (COVID-19) siddetini
belirleyip belirlemedigini arastirdik.

Gereg ve Yontem: 01.09.2020 ve 31.04.2021 tarihleri arasinda yatan COVID-19 hastalari retrospektif
olarak incelendi. Basvuru glnindeki ulusal erken uyari skoru (NEWS), modifiye erken uyari skoru,
hizli acil tip skoru, tekrarlanan-sepsis iliskili organ yetmezIligi hizli degerlendirmesi skoru (g-SOFA),
CURB-65, MuLBSTA ve ISARIC 4C skorlari hesaplandi. Skorlama sistemlerinin mekanik ventilasyon
(MV) ihtiyacini, yogun bakim nitesine (YBU) yatisini ve 30 giinliik mortaliteyi dngérme kapasitesi
incelendi.

Bulgular: Toplam 292 hasta dahil edildi, 137'si (%46,9) kadindi, yas ortalamasi 62,5+15,4 yildi.
Hastalarin 69'unun (%23,6) YBU vatisi gerekti, 45 (%15,4) hastada MV'ye ihtiyac duyuldu ve 49
(%16,8) hasta 30 gin icinde 6ldi. Q-SOFA ile MV ihtiyaci arasinda bir iliski bulunmadi (p=0,167)
ancak diger tiim skorlama sistemleri ile MV ihtiyaci, YBU yatis ve 30 giinlik mortalite arasinda
istatistiksel olarak anlamli bir iliski bulundu (p<0,05). Alici isletim karakteristik egrisi analizlerinde
egri altinda kalan alani en yiksek olanlar ISARIC-4C (optimal cut-off >5,5) ve NEWS (optimal cut-off
>3,5) iken en dustk g-SOFA idi.

Sonug: ik basvurularinda ISARIC-4C ve NEWS basta olmak (izere mevcut skorlama sistemleri
kullanilarak COVID-19'un siddeti tahmin edilebilecektir. Béylece gerekli miidahalelerin daha erken
yaplilarak mortalite ve morbiditenin azaltilabilecektir.

Anahtar Kelimeler: COVID-19, ISARIC-4C, mortalite, NEWS, skorlama sistemleri
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Introduction

The coronavirus disease-2019 (COVID-19) has been
diagnosed in over 750 million people, and more than 6.8
million people have died due to this disease to date (1).
The disease can be asymptomatic or mild with a flu-like
syndrome. However, in some cases, it progresses more
severely, and pneumonia and acute respiratory distress
syndrome (ARDS) can be seen (2). In severe cases, the
patient may require mechanical ventilation, admission to the
intensive care unit (ICU), and even die. Many studies have
examined the correlation between the severity of COVID-19
and markers such as blood type (3), blood inflammation and
coagulation biomarkers, and viral load (4). In addition, it is
reported that various scoring systems can predict worsening
and mortality in COVID-19 patients (5-10). We aimed to
investigate whether the scoring systems that can be easily
calculated during the emergency admissions of COVID-
19 patients determine the requirement for mechanical
ventilation, ICU admission, and mortality that may occur in
the follow-up of the patients.

Materials and Methods

The research is a single-center, retrospective descriptive
study. Patients aged 18 years and over and hospitalized in
the infectious diseases clinic and pulmonary diseases clinic
with a diagnosis of COVID-19 confirmed by positive severe
acute respiratory syndrome-coronavirus-2 polymerase chain
reaction between 01.09.2020 and 31.04.2021 in a secondary
care hospital were included in our study. The patients’
epidemiological data, chronic diseases, clinical signs,
laboratory values detected at the emergency admission,
and outcomes were evaluated retrospectively from the
patient files. National early warning score (NEWS), modified
early warning score (MEWS), rapid emergency medicine
score (REMS), quick sequential organ failure assessment
score (g-SOFA), CURB-65, MuLBSTA and ISARIC-4C scores
were calculated using MDCalc online calculator (https://
www.mdcalc.com) at admissions to the hospital (Table 1).
The primary endpoint of the study was 30-day mortality.
Secondary endpoints were the need for mechanical
ventilation and ICU admission.

Statistical Analysis

The statistics of the study were made with the IBM
Statistical Package for the Social Sciences (SPSS) Version

22.0 (Armonk, NY: IBM Corp) program. Analytical tests
(Kolmogorov-Smirnov/Shapiro-Wilk) were used to check
variables for normal distribution. Descriptive analyses
were presented using means (+ standard deviation) for
the normally distributed variables and medians (minimum-
maximum) for the non-normally distributed. The Mann-
Whitney U test was used to evaluate the association
between scoring systems and the endpoints of the
study since none of the scoring systems were normally
distributed. The capacity of scoring systems in predicting
the need for mechanical ventilation, ICU admission, and
30-day mortality were analyzed using receiver operating
characteristic (ROC) curve analysis. Significant cut-off values
were dedicated, and the sensitivity and specificity values
were presented. A power analysis was conducted with
a power of 95%, a margin of error of 0.05, and an effect
size of 0.8, using the G*Power 3.1.9.2 program.

Table 1. Scoring systems evaluated in the study and the
parameters they contain
Scoring
system Parameters

Respiratory rate, oxygen saturation, any
NEWS supplemental oxygen temperature, systolic

blood pressure, heart rate, AVPU!

Systolic blood pressure, heart rate, respiratory
MEWS

rate, temperature, AVPU'

Age, mean arterial pressure, heart rate,
REMS respiratory rate, peripheral oxygen saturation,

Glasgow coma scale

Glasgow coma scale, respiratory rate, systolic
q-SOFA g p y Y.

blood pressure

Confusion, BUN, respiratory rate, systolic or
CURB-65 ontus| piratory rate, sy

diastolic blood pressure, age

Multilobe infiltrate, absolute lymphocyte count,
MuLBSTA bacterial coinfection smoking history, history of

hyper-tension, age

Age, male sex, number of comorbidities?,

respiratory rate peripheral oxygen saturation on
ISARIC-4C . .

room air, Glasgow coma scale Urea, C-reactive

protein
NEWS: National early warning score, MEWS: modified early warning score,
REMS: rapid emergency medicine score, g-SOFA: quick sequential organ failure
assessment score, TAVPU; A: Alert, V: Response to voice, P: Response to pain, U:
Unresponsive
*Comorbidities include chronic cardiac disease, chronic respiratory disease
(excluding asthma), chronic renal disease (estimated glomerular Filtration rate
<30), mild to severe liver disease, dementia, chronic neurological conditions,
connective tissue disease, diabetes mellitus (diet, tablet, or insulin controlled),
human immunodeficiency virus or acquired immunodeficiency syndrome, and
malignancy
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The analysis revealed that a minimum sample size of 108
and 22 participants for groups was required to achieve
adequate statistical power. A p-value of less than 0.05 was
considered statistically significant.

Ethics

Ethics committee approval of the study was received
from the Non-invasive Clinical Research Ethics Committee
of Recep Tayyip Erdogan University Faculty of Medicine on

19/08/2021 with decision number 2021/149. The principles
of the Helsinki Declaration were followed in the study.

Results

The data of 445 patients followed up due to COVID-19
within the specified date range were analyzed, and 153 of
them did not meet the research criteria due to missing data.
Thus, 292 patients were included in the study. The mean age
was 62.5+15.4 years, and 137 patients (46.9%) were female.

During the follow-up of the patients, 69 (23.6%) required
ICU admission, 45 (15.4%) needed mechanical ventilation,
and 49 (16.8%) died within 30 days. The median values of
the scoring systems and the distribution of these values
according to the outcomes are shown in Table 2. While
no statistically significant relationship was found between

Table 2. Distribution of median (minimum-maximum) values of the scoring systems according to the need for mechanical ventilation,
intensive care unit admission, and 30-day mortality
Mechanical Intensive care unit

All ventilation admission 30-day mortality

patients | No Yes P No Yes P No Yes P
NEWS 3(0-11) 2(0-10) | 5(1-11) <0.001 | 2(0-10) 4(0-11) <0.001 2(0-9) 5(1-11) <0.001
MEWS 1(0-5) 1(0-4) 2 (1-5) <0.001 | 1(0-4) 2 (1-5) <0.001 1(0-4) 2 (1-5) <0.001
REMS 5(0-14) 4(0-10) | 6(0-14) <0.001 | 4(0-10) 6 (0-14) <0.001 4(0-11) | 6(1-14) <0.001
gq-SOFA 1(1-3) 1(1-2) 1(1-3) 0.167 1(1-2) 1(1-3) 0.033 1(1-2) 1(1-3) 0.008
CURB-65 1(0-5) 1(0-4) 1(0-5) 0.002 1(0-4) 1(0-5) <0.001 1(0-3) 2 (0-5) <0.001
MuLBSTA 9 (0-16) 9(0-16) | 9(0-16) 0.009 9 (0-16) 9 (0-16) <0.001 9(0-16) | 9(7-16) <0.001
ISARIC-4C 3(0-17) 2(0-16) | 10(4-17) | <0.001 |2(0-11) 10(4-17) | <0.001 2(0-16) |10(2-17) | <0.001
“Data with a p-value below 0.05 were considered statistically significant. NEWS: national early warning score, MEWS: modified early warning score, REMS: rapid emergency
medicine score, g-SOFA: quick sequential organ failure assessment score

Mechanical Ventilation

ROC Curve

ROC Curve

Intensive Care Unit Admission

30-Day Mortality

ROC Curve

Sensitivity
Sensitivity

o Source of the
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—  NEWS
- MEWS

2 o
E REMS
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& == qSOFA

CURB-65
MulBSTA

ISARIC-4C

Reference Line

00 02 or 05 08 10 ) 02 0 a6
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Diagonal segments are produced by ties.
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Figure 1. ROC curves of the scoring systems according to the need for mechanical ventilation, intensive care unit admission, and 30-day mortality

NEWS: National early warning score, MEWS: modified early warning score, REMS: rapid emergency medicine score, g-SOFA: quick sequential organ failure assessment score,

ROC: receiver operating characteristic
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g-SOFA and the need for mechanical
ventilation (p=0.167), a statistically
significant relationship was found
between all scoring systems except
this one and the need for mechanical
ventilation, ICU admission, and 30-
day mortality (Table 2). When the
ROC curve was examined for the
outcomes, ISARIC-4C (0.919, 0.974,
and 0.918, respectively) and NEWS
(0.785, 0.735, and 0.759, respectively)
scores were found to have the highest
area under the curve (AUC), while
g-SOFA (0.543, 0.556, and 0.580,
respectively) have the lowest (Figure
1, Table 3). The optimal cut-off values
determined for outcomes were found
to be >5.5in the ISARIC-4C score and
>3.5 in the NEWS. The percentages
of sensitivity and specificity according
to the determined optimal cut-off
values are shown in Table 3.

Discussion

COVID-19 can be presented with
a wide spectrum from asymptomatic
to severe disease which may result
in death. It is important to be able
to predict how the prognosis will
progress at the first admission of
patients. In our study, the performance
of scoring systems, which can be
easily calculated during the first
admission of COVID-19 patients,
to determine the requirement for
mechanical ventilation, ICU admission,
and 30-day mortality was examined.
Especially in patients with ISARIC-4C
score >5.5and NEWS >3.5, COVID-19
disease was found to be more severe,
while CURB-65 and MuLBSTA scores
had the lowest performance.

During the course of COVID-19, the
need for mechanical ventilation with
endotracheal intubation may develop

Table 3. The median values of the areas under the ROC curve (AUC) of the scoring systems according to the need for mechanical ventilation, intensive care admission, and 30-day mortality, and

sensitivity, and specificity results according to the optimal cut-off values
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due to ARDS (5). Similar to our study, in determining the
requirement for mechanical ventilation in COVID-19 patients,
Ocho et al. (6) reported that ISARIC-4C (AUC =0.85) was
better than CURB-65 (AUC =0.82) and g-SOFA (AUC =0.67),
and in another study (7), NEWS (AUC =0.69) was better than
g-SOFA (AUC =0.61). Kuroda et al. (8) found that the ISARIC-4C
predicts the composite outcome of the need for mechanical
ventilation and mortality better than REMS in COVID-19
patients. Chang et al. (9) reported that the detection of NEWS
>7 at the first admission to the hospital can determine the
need for mechanical ventilation with 72.3% sensitivity and
92.5% specificity. However, it has been reported that the
MuLBSTA score (AUC =0.836) is better than CURB-65 and
g-SOFA in determining the need for mechanical ventilation
(10). In our study, ISARIC-4C [AUC =0.919, 95% confidence
interval (Cl) 0.887-0.951] and NEWS (AUC =0.785, 95% Cl
0.716-0.854) were the best performing scores in line with the
literature in demonstrating the requirement for mechanical
ventilation of COVID-19 patients while g-SOFA and MuLBSTA
performed poorly.

Severe COVID-19 patients may need to be admitted
to the ICU for close monitoring and supportive treatment.
Studies are reporting that especially the NEWS score is
good at predicting ICU admission (11,12). In a study that
compares scoring systems in COVID-19 patients, the NEWS
(AUC =0.73) showed the best performance for predicting
ICU admission, but good results were not obtained in the
ag-SOFA, CURB-65, and REMS scores (11). In another study,
early warning scores were evaluated and it was reported that
the NEWS (AUC =0.783) was more successful in predicting
ICU hospitalization within 7 days compared to MEWS,
REMS, and g-SOFA scores (12). However, unlike our study,
it was reported that CURB-65 (AUC =0.898) was better than
ISARIC-4C (AUC =0.797) (13) and MulLBSTA was better
than CURB-65 and g-SOFA (10) in predicting ICU admission.
In our study, the most successful scores in predicting ICU
admission were ISARIC-4C (AUC =0.974, 95% CI| 0.959-
0.989), NEWS (AUC =0.735, 95% CI 0.667-0.803) and
REMS (AUC =0.694, 95% Cl 0.626-0.763) while g-SOFA did
not show the expected performance.

COVID-19 may have a severe course and be mortal
due to reasons such as pneumonia, sepsis, ARDS, and
pulmonary thromboembolism (2,14). It is crucial to identify
these patients in the early period for the chance to prevent
mortality. Similar to our findings, previous research has shown
that the ISARIC-4C and NEWS scores are reliable indicators
of mortality in COVID-19 patients (7,8,15-17). However,

Turk J Intensive Care 2024;22:116-21

studies are reporting that REMS is better than the g-SOFA,
NEWS, MEWS, and CURB-65 scores (11,12), and CURB-65 is
better than the ISARIC-4C (13) in the prediction of mortality.
Moreover, MEWS, CURB-65, and g-SOFA scores have also
been reported to be successful in predicting mortality (18,19).
Kalani et al. (20) reported that MuLBSTA (AUC =0.832) and
CURB-65 (AUC =0.809) scores performed well in predicting
30-day mortality. In our study, ISARIC-4C (AUC =0.918, 95%
Cl 0.881-0.955), NEWS (AUC =0.759, 95% CIl 0.684-0.833),
and REMS (AUC =0.756, 95% CI 0.688-0.825) scores were
found to be reliable predictors of 30-day mortality, but the
g-SOFA did not show promising results.

Our research has limitations. First of all, it is a retrospective
study. Secondly, other factors that may cause the need for
mechanical ventilation, ICU admission, and mortality such as
co-infections were not investigated.

Conclusion

Especially ISARIC-4C and NEWS scores showed high
performance in predicting the requirement for mechanical
ventilation, ICU admission, and 30-day mortality, but good
results were not obtained in g-SOFA. With the early use
of these scoring systems in COVID-19 patients, it will
be possible to distinguish patients with a risk of clinical
worsening. In this way, it was thought that necessary
interventions could be made earlier and a decrease in
mortality rate could be achieved.
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The Effect on the Work Ability of Intensive Care
Nurses of Psychological Distress During the COVID-19
Pandemic: Descriptive and Cross-sectional Study

COVID-19 Pandemi Siirecindeki Psikolojik Sikintilarin
Yogun Bakim Hemsirelerinin Is Yeterliliklerine Etkisi:
Tanimlayici ve Kesitsel Galisma

ABSTRACT Objective: This study aims to determine the effects of psychological distress on the
work ability of intensive care nurses during the coronavirus disease-2019 (COVID-19) pandemic
in Turkey.

Materials and Methods: This study is descriptive and cross-sectional design. The sample consisted
of 233 intensive care nurses. Data were collected via online Google forms with the Participant
Information form, the COVID-19-related Psychological Distress scale (PDS), and the Work Ability
index (WAI). In the analysis of data, Pearson and Spearman correlation analysis was used along
with descriptive statistics.

Results: A statistically significant positive correlation was found between the nurses’ length of time
working in the profession and their WAI scores (r=0.132, p=0.043), and a negative correlation was
found with their COVID-19 PDS scores (r=-0.162, p=0.013). A statistically significant difference was
found about WAI total scores in the effect on work ability of the working conditions of the COVID-
19 pandemic (p<0.001). A statistically significant positive correlation was found between the WAI
total score and the COVID-19 PDS sub-section of doubt (r=0.128, p=0.049).

Conclusion: It was found that the work abilities and COVID-19 psychological distress levels of
nurses were medium and there are relationship between them. It is recommended that the many
factors affecting work ability and psychological distress be taken under control.

Keywords: Anxiety, COVID-19, work ability, pandemic, psychological distress, doubt, intensive care
nurses

0z Amac: Bu calismanin amaci Tirkiye'de koronavirlis hastaligi-2019 (COVID-19) pandemi
slrecindeki psikolojik sikintilarin yogun bakim hemsirelerinin is yeterliliklerine etkisini belirlemektir.
Gerec ve Yontem: Bu calisma tanimlayici ve kesitsel tiptedir. Orneklemi 233 yogun bakim hemsiresi
olusturdu. Veriler, Katilime Bilgi formu, COVID-19 Psikolojik Sikinti 8lgegi (PSO) ve s Yeterliligi
Olcegi (iYO) ile Google formlar araciligiyla online olarak toplandi. Verilerin analizinde tanimlayici
istatistiklerin yaninda Pearson ve Spearman korelasyon analizleri yapildi.

Bulgular: Hemsirelerin meslekte calisma siireleri ile [YO (r=0,132, p=0,043) puani arasinda pozitif
yénde, COVID-19 PSO (r=-0,162, p=0,013) puani arasinda ise negatif yonde istatistiksel olarak
anlamli iliski oldugu saptandi. COVID-19 pandemisindeki calisma kosullarinin is yeterliligine etkisine
iYO toplam puanlari bakimindan istatistiksel olarak anlamli fark oldugu bulundu (p<0,001). iYO
toplam puani ile COVID-19 PSO siiphe (r=0,128, p=0,049) alt boyut puani arasinda pozitif yonde
istatistiksel olarak anlamli iliski oldugu belirlendi.

Sonug: Hemsirelerin is yeterliliklerinin ve COVID-19 psikolojik sikinti diizeylerinin orta diizeyde
oldugu ve aralarinda iliski oldugu saptandi. s yeterliligi ve psikolojik sikintilar etkileyen bircok
faktortin kontrol altina alinmasi 6nerilmektedir.

Anahtar Kelimeler: Anksiyete, COVID-19, is yeterliligi, pandemi, psikolojik sikintilar, siiphe, yogun
bakim hemsireleri
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Introduction

All over the world, whenever there are outbreaks of
disease, natural disasters or war, important responsibilities
fall to nurses especially (1). One very special branch of
nursing is intensive care nursing, and these nurses work
in a physically and psychosocially high risk environment
(2). At the same time, the intensive care nurse performs
complex duties which include critical situations such as
facing unforeseen events, rapid decision making under time
stress, and dealing with aggressive relatives (3). In addition
to these problems, the coronavirus pandemic appeared in
China and rapidly spread over the whole world, infecting a
very large number of people, resulting in a large number of
people in need of intensive care, and intensive care nurses
taking a major role in treatment and care. This increased their
workload and caused intense stress, leaving them at risk
of mental health problems such as exhaustion, depression
and anxiety (4,5). Studies have shown that the coronavirus
disease-2019 (COVID-19) pandemic has increased the risk of
mental disorders such as schizophrenia, anxiety, depression
and acute stress disorder in both health workers and the
general population, leading to an increase in fear of iliness,
anger, the misuse of alcohol and tobacco, divorce and suicide
(6,7). According to a report by the World Health Organization
in 2020, there is not enough nursing workforce in the world
to maintain universal health (8); the nursing workforce
should remain healthy and not be worn out (9). Particularly
during COVID-19, it is necessary to evaluate the difficulties
experienced by intensive care nurses-working long hours
without a break caring for and treating patients, both putting
themselves at risk and living with the fear of infecting their
families and friends-their workload, their psychological and
mental health, and their work ability levels (2,9).

The concept of work ability, which is frequently used in
the field of work health, is an important element in work
health services, where greater physical and psychosocial
working capacity is needed, and the risk of disabling injury
and illness is high (2), and is defined as how a person meets
work-related difficulties, or in other words the ability of a
worker to cope physically and mentally with difficulties at
work (10). This concept is an indicator of how well a person’s
physical, mental, social and interpersonal abilities match their
personal capacities, but also of how well they match their
work needs and improvement in their working environment
and working conditions, job satisfaction, performance, health,
knowledge, skill, attitude and motivation with the necessities

of the work they do (10,11). Studies have reported that an
intensive care nurse's work ability is affected by factors such
as body mass index, age, personal characteristics, physical
and mental fatigue, lack of sleep, disappointment, shift
working and workload (2,12,13). Inadequate work ability in
nurses causes poor quality of life (14), leaving the profession
early (15), cardiovascular diseases in obese individuals, an
increase in the risk of mental disorders or diseases such
as those of the musculo-skeletal system and resulting
disability (16). Taking all of these factors into consideration,
it is necessary to improve the work ability levels of nurses,
because a person whose work ability is high is predicted
to be able to continue doing his or her job for longer (17).
In a systematic review and meta-analysis study by Romero
Sanchez et al. (9) evaluating the prevalence of the work
inadequacy of nurses working in a hospital, it was concluded
that in the world in general, approximately one nurse in four
working in a hospital had work inadequacy and that there
was an imbalance between individual resources and work,
and for this reason nurses were at risk of various negative
results throughout their working lives.

The literature shows that very little is known about work
ability in a group of health care personnel who are very
much needed throughout the world (2). At the same time,
although there are studies on the work ability of intensive
care nurses during the COVID-19 pandemic, no studies
were found evaluating their work ability and psychological
distress together. Thus, this study was aimed at investigating
the effects on the work ability of intensive care nurses of
psychological distress during the COVID-19 pandemic. It
is thought that the conclusions of the research will make a
contribution to the literature.

Research Questions

1. What are the levels of work ability in intensive care
nurses?

2. What is the psychological distress on intensive care
nurses in the COVID-19 pandemic?

3. Is there a correlation between the psychological
distress on intensive care nurses in the COVID-19 pandemic
and their work ability levels?

Materials and Methods

Type of Study

The study is descriptive and cross-sectional.

Turk J Intensive Care 2024;22:122-31
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Study Design and Sample

The population of this study consisted all of nurses living
in Turkey and working in an intensive care unit between
March and September 2021, regardless of period of time,
when the research was conducted. OpenEpi v.3, a statistics
program available for general use, was used in calculating the
size of the sample (http://www.openepi.com), and this was
found to be at least 220 nurses, for a significance level of 0.05,
a confidence interval of 99%, and an ability to represent the
population of 80%. The research was completed with 233
nurses who were selected from the population by the non-
probability random sampling method, and who participated
willingly and voluntarily in the study. The inclusion criteria
were working in an intensive care unit, voluntarily and
willingly participating in the study, not having a problem with
vision or hearing, having access to the internet and actively
using social media (Facebook, Instagram or WhatsApp).

Data Collection

After obtaining the necessary permissions and before
beginning the research, written and oral approvals were
obtained from the nurses who met the inclusion criteria, and
data was collected online between March and September
2021. The data collection forms created on Google Forms
were sent to the nurses by email or to their social media
accounts (Facebook, Instagram or WhatsApp), and they
were asked to complete them.

Data Collection Tools

Data was collected using a Participant Information form
created in line with the literature, the COVID-19 Related
Psychological Distress scale (CPDS), and the Work Ability
index (WAI).

Participant Information Form: This form, created by the
researchers according to the literature 15 with the objective
of determining the participants’ personal characteristics,
contained questions on age, gender, education level, marital
status, place of residence, years of work, length of time
working in the intensive care unit, and the effects on physical
and mental health of the COVID-19 pandemic.

CPDS: This scale was developed in 2020 by Feng et al.
(18) and Turkish validity and reliability were performed by Ay
et al. (19). It measures the level of psychological distress in
uninfected people. The scale consists of a total of 14 items,
and has two sub-sections, doubt, and anxiety or fear. The
items on the scale are of five-way Likert type: 1-l definitely
disagree, 5-I definitely agree. On the original scale, the
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Cronbach alpha consistency values were as follows: scale
total 0.88, anxiety or fear sub-section 0.74, and doubt sub-
section 0.87. In the present study, these values were 0.81,
0.62 and 0.78 respectively. Higher scores reflect a higher
severity of psychological distress (19).

WAI: This scale began to be used in 1980 in Finland,
and it was developed to prevent problems arising from work
or the work environment in 1998 under the leadership of
Prof. Juhani llmarinen at the Finnish Institute of Occupational
Health (20). Turkish validity and reliability were performed
by Das Gecim and Esin (21). The WAl is a Likert type scale
with a total of seven items, intended to assess individuals’
work load and performance. Possible scores range between
7 and 49. According to the scale’s scoring system, a score of
7-27 represents low work ability, 28-36 medium work ability,
37-43 good work ability, and 44-49 excellent work ability. The
Cronbach internal consistency value of the original scale is
0.72, and it is 0.67 in the present study. According to the
score obtained on the scale, interventions are made to
increase an individual’s physical or mental or both physical
and mental capacities (20,21).

Ethical Approval

During the research, the Helsinki Declaration on Human
Rights was followed. Before commencing the research,
approval was obtained from Amasya University Non-
Interventional Ethics Committee dated 04 March 2021,
decision no: 37, and written permission was obtained from
the Turkish Health Ministry Pandemic Research Permission
Portal.

Statistical Analysis

The program R version 2.15.3 was used for the statistical
analyses (R Core Team, 2013). In reporting study data,
minima, maxima, means, standard deviations, medians,
first quartile, third quartile, frequencies and percentages
were used. Conformity of quantitative data to normal
distribution was assessed with the Shapiro-Wilk test and
graphical inspections. In evaluating variables showing normal
distribution between two groups, the independent groups
t-test was used, in evaluating between more than two groups,
One-Way variance analysis was used, and if significance
was observed, the Bonferroni test was used to determine
the source of the significance. In evaluating variables which
did not show normal distribution between two groups, the
Mann-Whitney U test was used; in evaluating between more
than two groups, the Kruskal-Wallis test was used, and when
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significance was observed, the Dunn-Bonferroni was used to Table 1. Continued
determine the source of the significance. In determining the Min-max
level of correlation between quantitative variables, Pearson (median) Avg 15D
and Spearman analysis was used. In determining the levels General state of health
of internal consistency of the scale, the Cronbach alpha Very bad 117 50.2
coefficient was used. Statistical significance was taken as Bad 91 39.1
p<0.05. Medium 9 39
Good 16 6.9
Results Very good 0 0.0
Regularly used medication/chronicillness
Participants’ General Characteristics Yes 55 236
The ages of the nurses in the study ranged from 21 to No 178 76.4
49 years (Table 1). Level of your intensive care unit
The findings of the research can be grouped under three Level 1 10 43
headings: Level 2 30 12.9
Table 1. Nurses’ sociodemographic characteristics Level3 189 811
Min-max Ava£SD Level 4 4 1.7
(median) 9 Willingness to work in ICU
Age (years) 21-49 (27) 29.39+6.44 Yes 202 86.7
Time working in the profession 017-30(4) | 7.4247.23 No 31 133
(vears) Position
Time working in intensive care (years) | 0.17-24 (3) 5.06+5.20 Nurse 197 84.5
:thilgber of patients cared for per 0-9(3) 2.78+1.22 Charge nurse 25 10.7
Mentor nurse 4 17
n %
Head nurse 3 1.3
Gender
Other 4 1.7
Female 186 79.8
Do you think the unit where you work is suitable for its
Male 47 20.2 workforce or capacity?
Marital status Yes 132 56.7
Married 80 343 No 101 433
Single 153 65.7 Shift type
Education 08-16 40 172
High school 175 75.1 08-20 22 94
University 41 17.6 16-08 45 193
Postgraduate 17 73 Other 126 54.1
Children Satisfaction with work and working conditions
Yes 64 27.5 Yes 61 26.2
No 169 72.5 No 172 738
Income level Effect of COVID-19 pandemic on work satisfaction
Very bad 39 16.7 Very bad 5 21
Bad 33 14.2 Bad 97 41.6
Medium 153 65.7 Medium 43 18.5
Good 8 34 Good 86 369
Very good 0 0.0 Very good 2 0.9
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Table 1. Continued

Min-max
(median)

Avg * SD

Health problem from work or workin

g environment

Intensive Care Nurses’ Work Ability and COVID-19
Psychological Distress Levels

The nurses scored the following: WAI total score mean
31.41+6.97 [minimum (min): 11-maximum (max): 47]; COVID-
19 PDS anxiety and fear sub-section score mean 10.06+3.78

COVID-19: Coronavirus disease-2019, ICU: intensive care unit, Avg + SD: average +
standard deviation, min-max: minimum-maximum

Turk J Intensive Care 2024;22:122-31

Yes 149 63.9 . .
N y 61 (min: 5-max: 25); COVID-19 PDS doubt sub-section score
) . .
mean 20.13+5.86 (min: 7-max: 35), and COVID-19 PDS total
Effect of COVID-19 pandemic on physical health scale mean 30.18+8.42 (min: 12-max: 60) (Table 2).
Very bad 94 403 . . .
Correlation Between Intensive Care Nurses’ Work
Bad 6 326 Ability and COVID-19 Psychological Distress Levels
Medium 3 150 A statistically significant positive correlation was found
Good 27 11.6 between the nurses’ WAI total score mean and their
Very good 1 0.4 COVID-19 PDS doubt sub-section score mean (r=0.128,
Effect of COVID-19 pandemic on mental health p=0.049). A statistically significant positive correlation was
Very bad 91 39.1 found between the COVID-19 PDS total score mean and
Bad 109 46.8 the anxiety and fear and the doubt sub—se.ctfons (r=0.799,
- p<0.001; r=0.922, p<0.001), and a statistically positive
Medium 21 9.0 . .
correlation was found between the COVID-19 PDS anxiety
Good S 3.9 and fear sub-section and the doubt sub-section (r=0.503,
Very good 3 1.3 p<0.001) (Table 3).
Effect of COVID-19 pandemic on adequacy of workin
o P auacy g Table 2. Nurses’ work ability and COVID-19 Psychological
conditions X
Distress scale score means
Very bad 92 39.5 Noof | Min-max Ava£SD
Bad 81 34.8 items | (median) 9%
Medium 29 12.4 WA total 7 11-47 (32) | 31.4146.97
Good 24 103 COVID-19 PDS anxiety and fear | 5 5-25(10) | 10.06+3.78
Very good 7 3.0 COVID-19 PDS doubt 7 7-35(21) | 20.135.86
Have you had a coronavirus infection? COVID-19 PDS total 12 12-60 (30) | 30.18%8.42
COVID-19: Coronavirus disease-2019, PDS: Psychological Distress scale, WAI: Work
Yes 109 46.8 Ability index, Avg + SD: average + standard deviation, min-max: minimum-maximum
No 124 53.2
Table 3. Correlation between nurses’ Work Ability index and
- ?
Have you had a COVID-19 test? COVID-19 Psychological Distress scale
Yes 216 2.7 wal | €OVID-19 | covip- | covip-
No 17 7.3 PDS anxiety | 19 PDS 19 PDS
total
COVID-19 test result and fear doubt total
. r |1.000
Positive 67 31.0 WAI total
Negative 149 69.0 P
COVID-19 0.025
Fear of coronavirus infection PDS anxiety 0710
Yes 141 60.5 and fear P
No 92 395 COVID-19 r | 0.128 | 0.503
PDS doubt * . -
Are you caring for patients with a diagnosis of COVID-19? ou P | 0.049" | <0.001
Ves 199 854 COVID-19 r 0100 |0.799 0.922
PDS total p | 0.126 |<0.001" <0.001" |-
No 34 14.6

COVID-19: Coronavirus disease-2019, PDS: Psychological Distress scale, WAI: Work
Ability index
“p<0.05, r = Pearson correlation analysis,
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Factors Affecting the Intensive Care Nurses’ Work
Ability and their COVID-19 Psychological Distress Levels
During the Pandemic

A statistically significant positive correlation was found
between the nurses’ length of time in the profession and WA
total score (r=0.132, p=0.043), and a statistically significant
negative correlation was found with the COVID-19 PDS total

score (r=-0.162, p=0.013). In other words, it was seen that
the level of COVID-19 PDS decreased as the time spent in
the profession increased. A statistically significant difference
was found with regard to the nurses’ COVID-19 PDS total
scores according to their gender (p<0.001). It was found that
the COVID-19 PDS scores of the males were higher than
those of the females (Table 4).

Table 4. Correlation between nurses’ sociodemographic
characteristics and Work Ability index and COVID-19
Psychological Distress scale
VID-19
WAI IESD D

Age (years) r 0.118 -0.118

p 0.072 0.072
Time working in the profession | T 0.132 -0.162
(years) p |0.043 0.013
Time working in intensive care | T 0.068 -0.127
(years) p |0302 0.054

Avg * SD Avg *SD

Gender
Female 186 | 31.51+7.07 | 29.12+8.36
Male 47 | 31.00%6.61 | 34.38+7.30
Test value (t) 0.448 -3.947
p 0.655 <0.001"
Income
Very bad 39 | 34(29,40) |32(23,40)
Bad 33 | 32(27,34) | 31(23,35)
Medium 153 | 32(27,36) | 30(24,34)
Good 5 e o
Test value (x?) 8.178 10.581
p 0.042" 0.014"
General health
Very bad 117 | 34(29,38) | 31(24,36)
Bad 91 |29(24,32) | 29(24,35)
Medium 9 28(20,30) | 25(21,31)
Good 16 |08 3056
Test value (x?) 40.014 4.429
p <0.001" 0.219
Regularly used medication/chronicillness
Yes 55 | 29.29+7.16 | 28.45+8.00
No 178 | 32.0616.80 | 30.72+8.49
Test value (t) -2.609 -1.752
p 0.010 0.081

Table 4. Continued

WAI |S’(S)I\DIID 19
Level of your ICU

29.5 (26,

Level1 10 | 30(28,34) 33) (
Level2 o | 2505|002
Level 3 189 | 32(28,37) | 30(24,36)
Lol o |2see s
Test value () 4,122 1.450
bp 0.249 0.694
Willingness to work in ICU
Yes 202 | 31.91+6.86 | 30.30+8.18
No 31 | 28.1316.86 | 29.45+9.93
Test value (t) 2.856 0.520
p 0.005" 0.604
Position
Nurse 197 | 32(27,36) | 31(24,36)
Charge nurse 25 | 34(28,39) | 25(21,31)
Mentor nurse 4 ;?)5 (19.5, ;2:2)(27'
Head nurse 3 40 (37,42) | 36(20,49)
Other e [
Test value (x?) 10.437 5.695
bp 0.034" 0.223
Do you think the unit where you work is suitable for its
workforce or capacity?
Yes 132 | 33.4246.49 | 29.9248.62
No 101 | 28.7746.72 | 30.53+8.18
Test value (t) 5.340 -0.555
p <0.001" 0.580
Satisfaction with work and working conditions
Yes 61 | 36.7945.28 | 29.18+8.68
No 172 | 29.50+6.49 | 30.54+8.32
Test value (t) 7.887 -1.085
P <0.001" 0.279
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Table 4. Continued Table 4. Continued
COVID-19 COVID-19
WAl PSD WA PSD
Effect of COVID-19 pandemic on work satisfaction Have you had a COVID-19 test?
Very bad/bad 102 | 31.77£5.98 | 30.57+8.38 32 (27, 30 (24,
Yes 216 3 3
Medium 43 | 3586£5.71 | 30.6749.04 6.5) 5.5)
Goodjvery good 88 |28.81+7.45 | 29.50+8.19 No 17 32(28,36) | 26(22,36)
Test value (F) 17136 | 0468 Test value (2) 0224 0185
P <0001" | 0.627 L 0.822 0853
Health problem from work or working environment COVID-19 test result
Test value (t) -4.497 2,737 Test value (t) -2.594 -2.028
P <0.001" 0.007* °P 0.010° 0.044"
Effect of COVID-19 pandemic on physical health Fear of coronavirus infection
Very bad 94 | 31.86£5.24 | 29.51£7.92 Yes 141 | 30.5947.09 | 27.77+7.43
Bad 76 | 27.587.02 | 28.99:8.49 No 92 | 3266£6.63 | 33.8848.54
Medium 35 | 35.51£7.24 | 31.1749.06 Test value (t) -2.240 -5.781
Good/very good 28 | 35.14+6.46 | 34.46+7.93 P 0.026' <0.001"
Test value (F) 17.628 3.390 Are you caring for patients with a diagnosis of COVID-19?
P <0.00° | 0.019° Yes 199 | 31.22#6.83 | 30.18+8.39
Effect of COVID-19 pandemic on mental health No 34 | 32.537.74 | 30.2148.67
Very bad 91 |33(29,38) |31(24,35) Test value (t) 1015|0016
Bad 109 | 29 (24,34) | 28 (24, 35) °P 0311 0.987
. COVID-19: Coronavirus disease-2019, PDS: Psychological Distress scale, WAI: Work
Medium 21 37(32,39) | 34(28,41) Ability index, Avg + SD: average + standard deviation, ICU: intensive care unit
Good d 12 34 (29.5, 33(31.5, r = Pearson correlation analysis. 2independent groups t-test. *Kruskal-Wallis test
ood/very goo 39) 38.5) results are given as median (first quartile, third quartile). <One-Way variance
N analysis. “Mann-Whitney U test results are given as median (first quartile, third
Test value (x?) 27.953 7.416 quartile). 'p<0.05
°p <0.001" 0.060
Effect of COVID-19 pandemic on adequacy of working A statistically significant difference was found regarding
conditions WAI and COVID-19 PDS total scores according to whether
Very bad 92 | 31.88£5.54 | 29.759.13 the participants has had a coronavirus infection (p=0.022
Bad 81 | 28.05+7.34 | 28.33£7.20 and p=0.012 respectively). The scores of those who
Medium 29 | 34.1046.85 | 33.62+8.60 had had a coronavirus infection were lower (Table 4). A
Good/very good 31 |36.26%5.70 | 33.10+7.59 statistically significant difference was found regarding WAI
Test value (F) 15.225 4.425 and COVID-19 PDS total scores according to the test results
p <0.001° 0.005° of participants who had had a COVID-19 test (p=0.010 and
Have you had a coronavirus infection? p=0.044 respectively). The scores of those whose test
Yes 109 | 30.29+7.36 | 28.71+8.17 results were positive were lower. A statistically significant
No 124 | 32.3946.48 | 31.48:8.44 difference was found regarding WAI and COVID-19 PDS
Test value (© 5 3'09_ ' 5 5'43_ : total scores according to whether they were afraid of being
valu -C. -c. . . .
infected by coronavirus (p=0.026 and p<0.001 respectively).
P 0.022" 0.012"

Those who were afraid of coronavirus infection had lower
scores (Table 4).
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Discussion

In this research, an investigation was made of the effect
of psychological distress on intensive care nurses’ work
abilities during the COVID-19 pandemic.

Work Ability

It was found in the study that the work ability of nurses
living in Turkey and working in intensive care units was at a
medium level. There are also other studies in the literature
which similarly state that nurses’ work abilities are at a
medium level (22,23). In contrast to the results of our
research, Vasconcelos et al. (24) found that nurses’ work
abilities were low, and in studies with nurses by Milosevic
et al. (14) and Rotenberg et al. (12) it was found that nurses’
work abilities were at a good level. In international studies,
inadequate or low work ability has been correlated with
advanced age, female gender, difficulties with place of
work, having another job, doing repetitive or monotonous
work, inadequate personnel, and various morbidities
(23,25). Evaluating work ability is frequently used in work
health services, and both helps to improve workers' health,
to ensure the continuation of people’s ability to work,
and for correct measures to be taken, and also allows the
determination of which worker needs which work health
service, and of whether there is a decline in people’s
working conditions (26). At the same time, it allows negative
situations for work and workers to be noticed earlier and
the necessary measures to be taken, so that its assessment
is important (19). According to the literature, studies on
work ability among intensive care nurses are insufficient
(2). Work ability can be disrupted by such work-related
factors as excessive use of muscle strength, lifting and
carrying loads, repeated movements, inadequate or wrong
standing positions, exposure to accidents related to work
or the work environment and the risks which these create,
conflicting roles and the lack of opportunity development
and recognition in the workplace (24). It was found in
this study that intensive care nurses’ work abilities were
affected by income status, general health level, regularly
used medication or chronic illness, willingness to work in
intensive care, whether they thought that the work strength
or the capacity of the unit where they worked was suitable,
their satisfaction with their work or working conditions, the
effect of the COVID-19 pandemic on their work satisfaction,
experiencing health problems arising from their work or
working environment, the state of participants’ satisfaction

with their work or working conditions, the effect of the
COVID-19 pandemic on physical and mental health, and the
fear of infection or of infecting others with the coronavirus.
It was found in a study by Tuomi et al. (27) that an excessive
work load together with symptoms of a high level of stress
cause low work ability, and a study by Rostamabadi et al. (2)
found that factors such as individual characteristics, illness,
tiredness and an excessive work load affected the work
ability of intensive care nurses. It has also been found that
age is one of the factors reducing work ability both in nurses
(15) and in other professions (13). In order to improve the
negative factors affecting the skill; It can be recommended
to improve the clinical physical environment, to develop
and maintain in-service training programs, to make learner-
centered education programs, to adopt lifelong learning
approaches, and to develop and implement a peer-mentoring
system for nurses.

COVID-19 Psychological Distress

The outbreak of COVID-19 has significantly affected the
psychological, social and mental health of health workers
on the front line, including nurses caring for and treating
patients. It is reported in the literature that nurses, who are
exposed to infection or the risk of infection and to intense
stress, experience stress, anxiety, insomnia and psychosocial
problems (28,29). In a study by Da Rosa et al. (4) it was found
that the prevalence of emotional distress in nurses was high.
For this reason, it is of great importance to understand the
effects of the COVID-19 pandemic on psychological health
(30). It was found in our research that the psychological
distress levels of intensive care nurses relating to the COVID-
19 outbreak were at a medium level. Similarly, Kackin et al.
(28) found in a study conducted with nurses in Turkey that
nurses caring for patients with a diagnosis of COVID-19
were negatively affected both psychologically and socially
by the pandemic, and that nurses used short-term coping
strategies and needed psychosocial support and resource
management. It was found in a study by Zonp et al. (31)
that nurses were at a high risk of developing mental health
problems during the COVID-19 pandemic. It was found in
our study that the intensive care nurses’ total COVID-19
PDS scores were affected by factors such as length of time
working in the profession, gender, income, health problems
arising from work or the work environment, the effect of
the COVID-19 pandemic on physical health, and fear of
infection or of infecting others with coronavirus. It was also
found that the psychological stress levels of male intensive
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care nurses were higher than those of female nurses. In
contrast to these research results, it was found in studies
conducted with various different sample groups evaluating
psychological distress during the COVID-19 pandemic that
the psychological distress of females was higher (32,33).

Correlation Between Work Ability and COVID-19
Psychological Distress

It was found in the study that the mean scores on the
COVID-19 PDS sub-sections of anxiety and fear and doubt
were at a medium level, and that there was a positive
correlation between the WAI total score and these sub-
sections. In other words, nurses with high work ability
are more fear of COVID-19 and experience more anxiety
than other nurses. It has been found in the literature that
during the COVID-19 pandemic, there was a feeling of
not being prepared for the pandemic, emotional distress,
anxiety, concern, depression, stress and worry caused by a
deterioration in mental health conditions, dissatisfaction with
work, and a fear of the workplace being infected because of
the number of COVID-19 cases (28,29). It was concluded
in a study by Da Rosa et al. (4) that health professionals
worried about being infected or infecting their families
or others. Sampaio et al. (34) found a positive correlation
between the fear of being infected and depression, anxiety
and stress, and Said and El-Shafei (35), in a study conducted
in Egypt during the pandemic, found that a very stressful
work environment resulted in dissatisfaction with work
and a tendency to leave work. Considering all of this, it is
an expected result that doubts or worries connected to
psychological distress experienced by intensive care nurses
in the COVID-19 pandemic should be parallel to their work
ability. The COVID-19 pandemic has affected health workers’
mental health with increased stress, worry, depressive
symptoms and insomnia (29). Also, the COVID-19 pandemic
has led to a high incidence of COVID-19 infections in health
workers who are on the front line, and a high prevalence
of post-infection symptoms (36). The fact that all of these
conditions have a negative effect on work ability suggests
that low work ability will increase in the pandemic, and that
the situation will remain for some time afterwards (9). Also,
it is necessary to increase awareness of how important work
in the intensive care unit is, and for nurses working in these

Turk J Intensive Care 2024;22:122-31

units who have a heavy work load and are at risk to have
work ability and working capacity in accordance with their
work demands (2).

Limitations of the research are that the research results
can only be generalized to the sample group, and because it
was a cross-sectional study, cause and effect relationships
cannot be established. Also, the difficulty of contacting the
intensive care nurses and the collection of data online during
the COVID-19 pandemic are a further limitation of the study.

Conclusion

In the research, it was determined that the work abilities
and the COVID-19 psychological distress levels of intensive
care nurses living in Turkey were at a medium level. In order
to reduce or eliminate factors such as having had coronavirus,
length of time working, or general health condition, it
is recommended that suitable work health services be
implemented. Also, in order to eliminate all physical and
mental factors which cause a decline in work strength
and performance by reducing work ability in intensive care
nurses, the implementation of programs to improve work
health is of importance.
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® Giilsiim Oya Hergiinsel COVID-19 Sepsisi Farkli Bir Sepsis Fenotipi Olabilir mi?
Benzerlikleri ve Farkliliklari ile COVID-19 Pnémosepsisi

Received/Gelis Tarihi : 14.06.2023
Accepted/Kabul Tarihi : 10.08.2023 ABSTRACT Objective: By comparing viral sepsis caused by severe acute respiratory syndrome

coronavirus-2 with pneumosepsis caused by other pathogens, we aimed to compare the pathogen-
host relationship, organ damage affecting the clinic, and similar and different features of the two
types of sepsis.

Materials and Methods: A total of 414 patients diagnosed with critical coronavirus disease-2019
(COVID-19) between 2019 and 2021 and 303 pneumosepsis cases that met the diagnostic criteria

Ozlem Melike Eksi, Zafer Cukurova, Mehmet

Suleyman Sabaz, Sinan Asar, Yasemin Tekdos Seker, for sepsis-3 between 2016 and 2019 admitted to the anesthesiology and reanimation intensive
Yaser Pektas, Gllsim Oya Herglnsel care unit (ICU) were retrospectively screened. The patient's demographic data, mortality rates,
University of Healthy of Sciences Turkey, Bakirkdy Dr. length of stay in the ICU, development of secondary organ dysfunction, presentation values of

Sadi Konuk Training and Research Hospital, Clinic of of laboratory and mechanical ventilation, and changes within the 1-week follow-up were compared.
Anesthesiology and Reanimation, Istanbul, Turkey Results: The sequential organ failure assessment scores were significantly higher in the COVID-
Ozlem Melike Eksi MD (=), 19 sepsis group at presentation (8.2+2.9 vs: 7.2+3.7; p<0.0001) and dgring follow-up (8.9+4.9 V,S‘
University of Healthy of Sciences Turkey, Bakirkdy Dr. 7.8+3.7; p=0.002). The mean age of the patients was 65.4+17.2 years in the non-COVID-19 sepsis
Sadi Konuk Training and Research Hospital, Clinic of group and 57.9+17.1 years in the COVID-19 sepsis group (p<0.0001). The number of days on
Anesthesiology and Reanimation, Istanbul, Turkey mechanical ventilation was significantly higher in the COVID-19 sepsis group (p=0.018). Mortality
was detected in 299 patients (41.7%) in total, with no significant difference being observed
between the two groups (p=0.592).

Conclusion: Despite the patient population having a lower mean age and fewer comorbidities,
organ dysfunction was higher in COVID-19 sepsis patients during admission to the ICU and
follow-up. While the pathogen causing sepsis can be brought under control with rapid diagnosis and
appropriate antimicrobial treatment, organ damage cannot be controlled with appropriate antiviral
treatment in COVID-19 sepsis. In COVID-19 sepsis, secondary organ damage may be more evident
as a result of damage and immunomicrothrombosis, which causes high mortality and morbidity, the
mechanism of which has not yet been fully elucidated.

Keywords: COVID-19 sepsis, SOFA score, pneumosepsis, organ damage
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0z Amag: Siddetli akut solunum yolu yetersizligi koronaviriis sendromu-2 etkenli viral sepsisi diger
patojenlere bagli gelisen pndmosepsis ile karsilastirarak; patojen-konak iliskisi, klinigi etkileyen
organ hasari, iki sepsis tlrintn benzer ve farkli 6zelliklerinin karsilastirimasi amagclandi.

Gereg ve Yontem: 2019 ve 2021 yillari arasinda kritik koronaviriis hastalig-2019 (COVID-19) tanisi
alan toplam 414 hasta ve 2016 ve 2019 yillar arasinda anesteziyoloji ve reanimasyon yogun bakim
tinitesine (YBU) basvuran ve sepsis-3 tani kriterlerini karsilayan 303 pndmopsis olgusu retrospektif
olarak tarandi. Hastalarin demografik verileri, mortalite oranlar, yogun bakimda kalis sureleri,
sekonder organ disfonksiyonu gelisimi, laboratuvar ve mekanik ventilasyon basvuru degerleri ve bir
haftalik takipteki degisimleri karsilastiridi.

Bulgular: Sirali organ yetmezligi degerlendirmesi skorlari COVID-19 sepsis grubunda basvuruda
(8,2+2,9'a karsl 7,2+3,7; p<0,0001) ve takipte (8,9+4,9'a karsi 7,8+3,7; p=0,002) anlamli olarak
yUksekti. Hastalarin ortalama yasi COVID-19 olmayan sepsis grubunda 65,4+17,2, COVID-19 sepsis
grubunda 57,9+17,1 idi (p<0,0001). Mekanik ventilatdrde gegirilen giin sayisi COVID-19 sepsis
grubunda anlamli olarak yUksekti (p=0,018). Toplam 299 hastada (%41,7) mortalite saptandi ve iki
grup arasinda anlamli fark gorilmedi (p=0,592).
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Sonug: Yas ortalamasi daha diistik ve komorbiditeleri daha az olan hasta popilasyonuna ragmen, COVID-19 sepsis hastalarinda YBU'ye yatis ve takiplerinde
organ disfonksiyonunun daha fazla oldugu gériildii. Hizli tani ve uygun antimikrobiyal tedavi ile sepsise neden olan patojen kontrol altina alinabilirken, COVID-
19 sepsisinde uygun antiviral tedavi ile organ hasari kontrol altina alinamamaktadir. COViD-19 sepsisinde mekanizmasi heniiz tam olarak aydinlatilamayan
yuksek mortalite ve morbiditeye neden olan hasar ve immunomikrotromboz sonucunda sekonder organ hasari daha belirgin olabilmektedir.

Anahtar Kelimeler: COVID-19 sepsis, SOFA skor, pnémosepsis, organ hasari

Introduction

Sepsis, one of the leading causes of infection-related
mortality, is defined as a life-threatening organ dysfunction
associated with an irregular host response due to infection
(1). Sepsis agents are heterogeneous and can often develop
due to bacterial, fungal, and viral pathogens (2). The most
common infections in the intensive care unit (ICU) are those
originating from the lungs (60%), abdomen (18%), and
bloodstream (15%) (2). However, it has also recently been
emphasized that respiratory viruses are often overlooked in
sepsis and septic shock.

The coronavirus disease-2019 (COVID-19), caused by
severe acute respiratory syndrome coronavirus-2 (SARS-
CoV-2) rapidly spread across the world, causing the death
of millions of people, with 490 million cases and 6 million
deaths being reported over two years (3,4). Many clinicians
consider severe COVID-19 as a viral sepsis caused by SARS-
CoV-2 and use bacterial sepsis as a prototype to better
understand its pathogenesis (5,6). Although many studies
have been conducted on sepsis, a heterogeneous syndrome,
there is only limited research comparing COVID-19 sepsis
and pneumosepsis due to other pathogens (non-COVID-19
sepsis) (7). In this study, we retrospectively investigated
clinical changes in the host caused by COVID-19-related
sepsis and other non-COVID-19 pneumosepsis agents with
a primary focus on infection in the lungs, evaluated the data
recorded during the intensive care follow-up, and compared
the similarities and differences between these two groups.

Materials and Methods

Study Design and Patient Population

After receiving approval from the Local Ethics
Committee (decision no: 2021-20-17, date: 18.10.2021),
the patients followed up in the ICU of University of Health
Sciences Turkey, Bakirkdy Dr. Sadi Konuk Training and
Research Hospital between April 2019 and May 2021 with
a COVID-19 and sepsis diagnosis and those that met the

diagnostic criteria for sepsis-3 between October 2016 and
January 2019 were retrospectively screened.

According to the diagnosis guidelines of the Turkish
Ministry of Health COVID-19 Scientific Committee, patients
who were found to be positive for COVID-19 in the real-time
polymerase chain react test and met the criteria of the World
Health Organization (WHO) were considered to have COVID-
19. The diagnosis of sepsis was using the sepsis-3 electronic
early warning system [an increase of 2 or more points in the
sequential organ failure assessment (SOFA) score] and the
presence of clinical suspicion of infection.

Patients with a diagnosis of non-COVID-19 pneumosepsis
followed up in ICU and met the diagnostic criteria for sepsis-3
and those admitted to ICU due to severe COVID-19 according
to the WHO guidelines were included in the study. Patients
who had an ICU follow-up of fewer than 24 hours, cases
in which acute physiology and chronic health evaluation-I|
(APACHE-Il) and SOFA scores were not calculated,
pregnant women, patients with missing data, those with
an autoimmune disease or history of immunomodulatory
treatment, those with secondary infections during the
follow-up, postoperative patients, and those younger than
18 years were excluded.

The patients’ demographic and laboratory parameters
were obtained at the time of admission to the ICU, and
the mean laboratory and hemodynamic parameters were
instantly recorded during the seven-day follow-up period.
The acceptance values of prognostic scores, such as
APACHE-II and SOFA, as well as changes in the seventh-
day SOFA scores, were evaluated. For the calculation of the
SOFA score, respiratory, hepatic, hematological, neurological,
renal, and cardiovascular system evaluations were made.
Each organ system score was evaluated separately, and
organ dysfunctions were separately compared between the
two sepsis groups. The SOFA parameters were obtained
using structured query language queries. In addition,
mortality rates, length of ICU stay, number of days without
mechanical ventilation, and continuous venovenous
hemodiafiltration requirement were compared between the
two groups. The follow-up period was determined as seven
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days in both groups. The data of the patients were recorded
using the electronic clinical decision support system
(ImdSoftMetavision/QlinICU).

Due to the pandemic condition, verbal informed consent
was obtained from the relatives of the patients included in
the study. This study was not financially supported.

Statistical Analysis

The Shapiro-Wilk test was used to evaluate the normality
of the distribution of numerical data. The Independent-
sample t-test was conducted to compare normally distributed
numerical data, and the Mann-Whitney U test was for
comparisons between two groups in terms of data that did
not have a normal distribution. The Pearson chi-square or
Fisher's Exact test was used to examining the difference
between categorical data. The descriptive statistics of the
data were expressed as mean + standard deviation for
normally distributed numerical variables, median (interquartile
range) for non-normally distributed numerical variables, and
frequency (percentage) for categorical variables. All statistical

analyses were performed and reported using IBM SPSS
Statistics v. 22.0 software at a=0.05 significance and 95%
confidence levels.

Results

After applying the inclusion and exclusion criteria, 717
patients were included in the study. There were 303 (42.3%)
patients in the non-COVID-19 sepsis group (group 1) and
414 (57.5%) patients in the COVID-19 sepsis group (group
2). The mean age was 65.4+17.2 years in group 1 and
57.9+17.1 years in group 2, indicating a significant difference
between the two groups (p<0.0001). Body mass index was
significantly lower in group 1 (p=0.005). The demographic
data of the groups are shown in Table 1. Comorbidities were
detected in 273 (90%) patients in group 1 and 301 (72.7%)
patients in group 2, and there was a significant difference
was detected between the two groups (p<0.0001). Table 2
presents the comorbidities of the groups.

Table 1. Demographic data

Parameters Total Non-COVID-19 sepsis COVID-19 sepsis

(mean  SD) n=717 n=303 (42.3%) n=414 (57.5%) p-value
Age (year) 61.1£17.5 65.4+£17.2 57.9+17.1 <0.0001
Gender, n (%)

Female 300 (41.8) 135 (44.6) 165 (39.4) 0221
Male 417 (58.2) 168 (55.4) 249 (60.1)

BMI (kg/m?) 27.5+6.2 26.7+6.9 28+5.6 0.005
SD: Standard deviation, COVID-19: coronavirus disease-2019, BMI: body mass index

Table 2. Comorbidities

Parameters Total Non-COVID-19 sepsis COVID-19 sepsis

n (%) n=717 n=303 (42.3%) n=414 (57.5%) p-value
Comorbidity 574 (80) 273 (90) 301 (72.7) <0.0001
Hypertension 319 (44.4) 138 (45.5) 181(43.7) 0.594
Diabetes mellitus 217 (30.2) 77 (25.4) 140 (33.8) 0.021
COPD 130 (18.1) 70 (23.1) 60 (14.4) 0.003
CRF 111 (15.4) 58(19.1) 53(12.8) 0.021
Hepatitis 26 (3.6) 9(2.9) 17 (4.1) 0.545
CAD 200 (27.8) 103 (33.9) 97 (23.4) 0.002
CVE 84 (11.7) 61(20.1) 23 (5.5) <0.0001
Dementia 38(5.2) 30(9.9) 8(1.9) <0.0001
Malignancy 118 (16.4) 68 (22.4) 50(12) <0.0001
Other 93(12.9) 45 (14.8) 48 (11.5) 0.215
COVID-19: Coronavirus disease-2019, COPD: chronic obstructive pulmonary disease, CRF: chronic renal failure, CAD: coronary artery disease, CVE: cerebrovascular event
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When the admission hemogram parameters were
examined, the white blood cell (WBC) count was significantly
higher in group 1 (p<0.0001), and the hemoglobin and
hematocrit levels were significantly higher in group 2
(p<0.0001 and p=0.001, respectively). There was also a
significant difference between the two groups in terms of
the neutrophil count (p<0.0001).

The admission biochemistry sodium values were found
to be significantly higher in group 1 (p=0.008). Group 2 had
significantly higher glucose, lactate dehydrogenase, albumin,
triglyceride, and C-reactive protein (CRP) values (p<0.0001,
p=0.006, p=0.013, p=0.003, and p=0.001, respectively). In
group 1, significantly higher creatine kinase and procalcitonin
levels were detected (p=0.049 and p<0.0001, respectively).
The international normalized ratio (INR) was significantly
higher in group 1, and the fibrinogen value was significantly
higher in group 2 (p=0.002 and p<0.0001, respectively).
The admission values of the laboratory parameters and
comparisons between the two groups are shown in Table 3.

The admission data on the mechanical ventilation
parameters are given in Table 4.

According to the comparison of the first week averages
of the hemodynamic parameters, group 1 had a significantly
higher mean heart rate and significantly lower systolic,
diastolic, and mean blood pressure values. The amounts
of all vasopressor and inotropic agents, such as adrenaline,
noradrenaline, dopamine, and dobutamine used during
the first-week follow-up were found to be significantly
higher in group 1 (p<0.0001, p<0.0001, p<0.0001, and
p=0.047, respectively). No significant difference was
observed between the two groups in relation to the
APACHE-II admission and mortality values. Continuous renal
replacement therapy (CRRT) requirement was significantly
higher in group 2 (p<0.0001). There was no significant
difference between the two groups in terms of the length of
ICU stay. When the duration of mechanical ventilation was
compared, the median value was 6.6 (11.8) days in group
1 and 8.3 (10.3) days in group 2, with a significantly higher
value being observed in the latter (p=0.018). There was no
significant difference in the mortality rates of the two groups.
Mortality was detected in a total of 299 patients (41.7%)
(Table 5).

Table 3. Comparison of the ICU admission parameters between the groups

Parameters Total Non-COVID-19 sepsis COVID-19 sepsis

(mean  SD) n=717 n=303 (42.3%) n=414 (57.5%) p-value
Hemogram

WBC (10%/uL) 16.4+8.1 19.3+6.5 15.5+8.3 <0.0001
Hemoglobin (g/dL) 10.9+2.2 10.2+1.9 11.1+2.2 <0.0001"
Hematocrit (%) 34.1+6.9 32.2+6.2 34.8+7 0.001
Platelet* (103/uL) 226.5(137.7) 213.5(145) 228.5(141.6) 0.234
Lymphocyte* (103/uL) 0.8(0.7) 0.9(0.8) 0.8(0.7) 0.002
Neutrophil (103/uL) 14.5%7.5 16.9+6.1 13.717.8 <0.0001
Neutrophil/lymphocyte* 15.3(15) 16.8 (18) 14.7 (15) 0.397"
Biochemical

Glucose*(mg/dL) 175.5 (84.8) 159 (81) 186 (86.6) <0.0001"
Sodium (mmol/L) 139.446.8 140.746.5 138.9+6.9 0.008
LDH*(IU/L) 517 (382.5) 436.2 (401.7) 540 (373.2) 0.006"
Amylase* (IU/L) 81.7(104.2) 82 (87) 81.5(106.5) 0.877"
Lipase* (IU/L) 26.5(58.3) 23.7 (45.6) 27.5(58.2) 0.067"
Ferritin* (mg/dL) 752.3 (1156.7) 566.5 (1407.6) 752.3(1137.2) 0.522"
CK*(1U/L) 132 (258) 210.7 (265.7) 124 (247) 0.049"
Albumin (g/dL) 2.7+0.4 2.610.5 2.8+0.4 0.013
Procalcitonin* (ng/dL) 3.2(6.1) 5.4(14.2) 1.1 (4.4) <0.0001"
CRP*(mg/dL) 120 (152) 86.3(130.2) 132 (148) 0.001"
“Values presented as median (interquartile range) and comparisons made using the Mann-Whitney U test.

COVID-19: Coronavirus disease-2019, SD: standard deviation, ICU: intensive care unit, WBC: white blood cell, LDH: lactate dehydrogenase, CK: creatine kinase, CRP: C-reactive
protein
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Table 4. Comparison of the mechanical parameters at ICU admission

Parameters Total Non-COVID-19 sepsis COVID-19 sepsis
(mean  SD) n=717 n=303 (42.3%) n =414 (57.5%) p-value
Mechanical ventilation
ETCO, (mmHg) 50.7x16 47.2+15.6 52.3+16 0.033
Horowitz' (PaO,/FiO,) 174 (125) 168.5 (148.6) 175.6 (110.4) 0.543"
RR_, (min) 14.2+1.9 13.9+2.1 14.4+1.7 0.001
PEEP (cmH,0) 8.2+2 7.842 8.6+1.8 <0.0001
P_...(cmH,0) 14.3£3.1 13.543 1543 <0.0001
Tidal volume/ideal weight 6.9+1.4 73116 6.6+1.2 <0.0001
_PPEk (cmH,0) 24.1+4.7 22.8+4.8 25+4.4 <0.0001
P tens (CMH,0) 24.1£4.4 24.454.2 23945 0.700
WOB (j/L) 1.240.2 1.140.2 1.240.2 0.001
I/E 0.6+0.2 0.5+0.2 0.7+£0.2 <0.0001
DP (cm H,0) 15.2+3.6 14.843.5 15.543.6 0.018

FiO,: fraction of inspired oxygen, RR

'set”

airway pressure, WOB: work of breathing, I/E: inspiratory/expiratory ratio, DP: driving pressure

*Comparisons made using the Mann-Whitney U test. ICU: Intensive care unit, SD: standard deviation, PaO, partial arterial oxygen pressure, ETCO,: end-tidal carbon dioxide,

: set respiratory rate, PEEP: positive end-expiratory pressure, P___: mean airway pressure, Ppeak: peak airway pressure, P : plateau

mean®

plateau’

Table 5. Comparison of the first-week averages of the hemodynamic parameters

Parameters Total Non-COVID-19 sepsis COVID-19 sepsis

(mean £ SD) n=717 n=303 (42.3%) n=414 (57.5%) p-value
Peak heart rate (beat/min) 90.2+19.8 95+21.8 86.6+17.4 <0.0001
ABPsJé (mmHg) 118.6x17.5 116.2122.4 119.9+14 0.026
ABP, (mmHg) 59+10.9 56.7413.3 60.319.1 <0.0001
ABP__. (mmHg) 78.1+11.6 75.5+14.9 79.6%9.1 <0.0001
Adrenalin* 20(17.3) 30.5(37.6) 14.2 (9.4) <0.0001"
Noradrenalin* 45 (49.3) 78.9 (63.5) 35.2 (43.5) <0.0001"
Dopamine* 1394.6 (1194.4) 2000 (2147) 1128.4 (738.6) <0.0001"
Dobutamine* 675 (1266) 1150 (3057) 375 (250) 0.047*
Urine volume (cc/day) 1292.4(1228.2) 1440 (1373) 1254.6 (1077) 0.037"
APACHE-I, admission* 22 (10) 22 (11) 22 (10) 0.449°
APACHE-II, mortality* 42 (34) 42 (37) 42 (34) 0.448"
CRRT 199 (27.8) 40 (13.2) 159 (38.4) <0.0001
ICU stay* (day) 9.9 (13) 9.7 (15.3) 10(11.8) 0.823"
Number of days on MV* 7.5(11.1) 6.6 (11.8) 8.3(10.3) 0.018"
Number of days without Mv* 1.2 (3.6) 1.7 (4) 1.1(3.4) 0.001*
Mortality, n (%) 299 (41.7) 130 (42.9) 169 (40.8) 0.592"

P._:Diastolic arterial blood

mean®

care unit, MV: mechanical ventilation

“Comparisons made using the Mann-Whitney U test. Values presented as median (interquartile range). ABP_: Systolic arterial blood pressure, AB
pressure, ABP ___: Mean arterial blood pressure, APACHE-II: acute physiology and chroni

dias*

c health evaluation-Il, CRRT: continuous renal replacement therapy, ICU: intensive

In parallel to the admission parameters, the comparison
of the first-week averages of the hemogram parameters
also revealed that the WBC and neutrophil values were
significantly higher in group 1 (p<0.0001 for both), and the
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mean hemoglobin and hematocrit values were significantly
higher in group 2 (p<0.0001 and p=0.001, respectively). The
mean platelet level was significantly higher in group 2, and
the neutrophil/lymphocyte ratio was significantly higher in
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group 1 (p=0.002 and p=0.008, respectively), despite no
significant difference at the time of ICU admission. Similar
to the evaluation at admission, the mean lymphocyte count
was significantly higher in group 1 (p=0.008).

As in the evaluation of laboratory parameters at ICU
admission, the mean glucose value over the seven-day
follow-up was significantly higher in group 2 (p<0.0001).
When the averages of the electrolyte parameters were
examined, group 1 had significantly higher sodium and
chlorine values, and group 2 had a significantly higher calcium
value (p<0.0001, p=0.002, and p=0.006, respectively).
Comparing the first-week averages of bilirubin, aspartate
transaminase (AST), and alanine aminotransferase (ALT),
which did not differ significantly at the time of ICU admission,
significantly higher values were found in group 2 (p=0.002,
p=0.035, and p<0.0001, respectively). There was also a
significant difference between the two groups in terms of
the mean values of the lipase parameters, which did not
show a significant difference at ICU admission (p=0.009).
The comparison of the mean values of the lipid profile is
shown in Table 6. Similar to the ICU admission parameters,
the follow-up CRP was significantly higher in group 2 and
the procalcitonin valuewas significantly higher in group 1
(p<0.0001 for both).

When the averages of the coagulation parameters were
compared, the INR and D-dimer values were significantly
higher in group 1, and the fibrinogen value was significantly
higher in group 2 (p=0.002, 0.017, and 0.011, respectively).
These data are detailed in Table 6.

Among the mean blood gas parameters, the lactate value
was significantly higher in group 2 (p=0.028). In addition,
significant differences were observed in the set respiratory
rate (RR_ ), positive end-expiratory pressure (PEEP), P___,
minute ventilation, respiratory index, Ppeak, work of breathing,
inspiratory/expiratory ratio (I/E), and driving pressure (DP)
values. When the first-week averages of the RR_ parameters
were compared, significantly higher values were detected
in group 2 (p=0.015). The PEEP value was determined as
7.8+2 mm H,O in group 1 and 8.3+1.6 mm H,O in group 2,
showing a significantly higher result for group 2 (p<0.0001).
The P__ value was 13.5+2.9 mm H,O in group 1 and
14.9+2.8 mm H,O in group 2, indicating a significantly higher
value in the latter (p<0.0001). When the first-week averages
of the I/E values were compared, the result was significantly
higher in group 2 (p<0.0001). The DP values of groups 1 and
2 were found to be 15+3.3 and 15.6+3.4 mm H,O in group

2, respectively, and the difference between the group was
statistically significant (p=0.018) (Table 7).

The mean SOFA score at the time of ICU admission
was 8.2+2.9 in group 2 and 7.2+3.7 in group 1, indicating
a significant difference (p<0.0001). The hematological and
cardiovascular parameters were significantly higher in group
1, and the Glasgow coma scale (GCS) score was significantly
higher in group 2 (p<0.0001, p<0.0001, and p=0.001,
respectively).

When the follow-up SOFA scores were compared, there
was a significant increase in group 2 (p=0.002). Group 2 also
had significantly higher seven-week averages of hepatic
system scores (p=0.024) and neurological, renal, and
cardiovascular scores (p=0.005, p=0.014, and p<0.0001,
respectively) (Table 8).

Discussion

COVID-19 disease, caused by SARS-CoV-2, is a
multisystemic syndrome that emerged in December 2019
and has, since then, had serious consequences on a global
scale related to the development of acute respiratory distress
syndrome (ARDS) and multiorgan failure, especially the lungs
(3). In addition to meeting the criteria for sepsis-3 and being
associated with high mortality rates, clinical findings specific
to COVID-19 sepsis suggest that this disease may be a
different phenotype of sepsis (8).

In our study, when the hemodynamic parameters were
compared between the two groups, it was determined that
vasoplegia was more pronounced at ICU admission, and
the need for inotropic and vasopressor agents was higher
during the follow-up in the non-COVID-19 sepsis group,
which is consistent with the literature (7-9). The vasopressor
requirement in COVID-19 patients may be associated with
stronger sedation, high airway pressures, right ventricular
dysfunction, and secondary infections rather than cytokine
storm and sepsis-induced vasodilation (10).

The neutrophil and procalcitonin levels being significantly
higher in the non-COVID-19 sepsis group of our study is
consistent with the characteristics of bacterial infections.
Although lymphocytes, which are cellular immunity
elements, were found to be at a low level in both sepsis
groups, lymphopenia was significantly more pronounced
in the COVID-19 sepsis group during admission and
follow-up, which is similar to the studies in the literature
comparing bacterial and COVID-19 sepsis cases (11,12).
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Table 6. Comparison of the First-week averages of the laboratory parameters

Parameters Total Non-COVID-19 sepsis COVID-19 sepsis

(mean £ SD) n=717 n=303 (42.3%) n=414 (57.5%) p-value
Hemogram

WBC (10%/uL) 16.1£7.9 19.5+7.4 15+7.7 <0.0001"
Hemoglobin (g/dL) 10.5+2 9.9+1.9 10.742 <0.0001
Hematocrit (%) 3246.3 31.4+6.2 33.5+6.3 0.001
Platelet* (103/uL) 226.7 (154.3) 200 (155.6) 231.3(162.8) 0.002"
Lymphocyte* (103/uL) 0.9(0.7) 0.9(0.8) 0.8(0.7) 0.008"
Lymphocyte percentage* 6.9 (5.8) 5.9 (5.6) 7.3(5.9) 0.004"
Neutrophil (10%/uL) 14.9+7.1 17+6.8 12.946.9 <0.0001
Neutrophil/lymphocyte* 13.3(13.4) 16.6 (15.6) 12.3(12.4) <0.0001"
Biochemical

Glucose* (mg/dL) 164 (58) 148.8 (59.6) 169.7 (58.3) <0.0001"
Calcium (mg/dL) 8.1+0.6 8+0.7 8.2+0.5 0.006
Sodium (mmol/L) 138.9+5.7 140.7+6.4 138.2+5.2 <0.0001
Potassium (mmol/L) 4.310.6 4.310.7 4.310.5 0.504
Chloride (mmol/L) 101.1£5.5 102.6+6.5 100.6+5 0.002
Creatinine*(mg/dL) 1.1(1.3) 1.3(1.2) 1(1.3) 0.171*
Bilirubin*(mg/dL) 0.7 (1) 0.7 (0.8) 0.8(1.1) 0.002"
AST*(IU/L) 50.4 (75.1) 44 (86.6) 55.8(71.7) 0.035"
ALT*(IU/L) 37.2(73.2) 25.4(56.7) 45.7 (77.8) <0.0001"
LDH*(IU/L) 466.8 (375) 439 (440) 474.8 (364.1) 0.083"
Amylase* (IU/L) 82.5(104.9) 73(91) 87 (112.7) 0.173"
Lipase* (IU/L) 32(68.8) 25.5(62.6) 36.5(68.8) 0.009"
Ferritin*(g/L) 740 (1304.2) 823.4 (1646) 696.6 (1301) 0.896"
CK*(Iu/L) 192 (437) 181 (414) 196.5 (438.2) 0.408"
Albumin (g/dL) 2.6:£0.4 2.5+0.5 2.610.3 0.077
Triglyceride* (mg/dL) 164.5 (141.2) 131(115.3) 190 (152.1) 0.002"
LDL*(mg/dL) 77 (64.7) 79.1(87) 74(61.7) 0.988"
HDL*(mg/dL) 26 (17.4) 25(29) 27 (14) 0.757"
Cholesterol*(mg/dL) 140.5 (63) 125 (55) 144.2 (55.9) 0.028"
CRP*(mg/dL) 105.4 (122.2) 79.5(119) 120.7 (113.1) <0.0001"
Procalcitonin* (ng/mL) 3(6.4) 5.4 (14.7) 1.3(4.7) <0.0001"
Coagulation

aPTT*(sec) 40.2 (16.5) 40.8 (18.4) 39.9 (15.3) 0.943"
PT*(sec) 1.2(0.3) 1.2(0.3) 1.2(0.2) 0.163"
INR* 1.2(0.3) 1.3(0.4) 1.2(0.2) 0.002"
Fibrinogen*(mg/dL) 455 (267.2) 392 (343.7) 491.3 (260.3) 0.011*
“Comparisons made using the Mann-Whitney U test. Values presented as median (interquartile range). SD: Standard deviation, WBC: white blood cell, AST: aspartate
aminotransferase, ALT: alanine aminotransferase, LDH: lactate dehydrogenase, CK: creatine kinase, LDL: low-density lipoprotein, HDL: high-density lipoprotein, CRP: C-reactive
protein, aPTT: active partial thromboplastin time, PT: prothrombin time, INR: international normalized ratio, sec: second
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Table 7. Comparison of the First-week averages of blood gas and mechanical ventilation parameters

Parameters Total Non-COVID-19 sepsis COVID-19 sepsis
(mean £ SD) n=717 n=303 (42.3%) n=414 (57.5%) p-value
Blood gas
Lactate* (mmol/L) 1.6 (1) 1.5(1.1) 1.7 (0.9) 0.028"
Pao,* 92.1 (31.7) 90.3 (49.3) 92.2 (24.5) 0.170"
SO, 94.4+4.6 94.4+5.5 94.4+3.9 0.931
Mechanical ventilation
ETCO, (mmHg) 49.9+13.4 49+15.3 50.2+12.7 0.480
FiO, (%) 53.3%12.9 52.6+13 53.8+12.8 0.229
Horowitz* (PaO,/FiO,) 187.2 (113.2) 183.7 (148.9) 187.6 (101.9) 0.338"
RR_, (min) 14.3£1.9 141422 14.5£1.6 0.015
PEEP (mm H,0) 8.1+1.8 7.8%2 8.3x1.6 <0.0001
P_...(MMH,0) 14.3£2.9 13.5£2.9 14.92.8 <0.0001
MVE (L) 7.2+1.6 7.442 741.2 0.001
Tidal volume/ideal weight 7£1.3 7.4+1.5 6.711.1 <0.0001
RI* 9.6 (4.6) 13.2(10) 9.2(2.9) <0.0001"
_Pmk (mm H,0) 24.1+4.5 23.2+4.7 24.8+4.3 <0.0001
P tens (MM H,0) 23.9¢4.1 23.6£3.7 24+4.2 0.711
WOB (j/L) 1.240.2 1.1£0.2 1.240.2 <0.0001
Flow 0.40.1 0.41£0.1 0.410.1 0.158
I/E 0.6+0.2 0.6+0.2 0.7+0.2 <0.0001
DP (mm HZO) 15.313.4 15433 15.6+3.4 0.018

*Comparisons made using the Mann-Whitney U test. Values presented as median (interquartile range). SD: Standard deviation, PaO, partial arterial oxygen pressure, SO,:
oxygen saturation, ETCO,: end-tidal carbon dioxide, FiO,: fraction of inspired oxygen, RR__: set respiratory rate, PEEP: positive end-expiratory pressure, P__: mean airway

pressure, MVE: minute ventilation, RI: respiratory index, P

DP: driving pressure

peal

set”

plateau®

mean*

. peak airway pressure, P__ - plateau airway pressure, WOB: work of breathing, I/E: inspiratory/expiratory ratio,

Table 8. SOFA and SOFA component scores evaluated at ICU admission and on the seventh day

Parameters Total Non-COVID-19 sepsis COVID-19 sepsis

(mean * SD) n=717 n=303 (42.3%) n=414 (57.5%) p-value

SOFA, admission 7.8+3.3 7.2+£3.7 8.2+2.9 <0.0001
Respiratory (Horowitz) 2.7+0.9 2.7+0.9 2.7+1 0.995
Hepatic (bilirubin*) 0(0) 0(0) 0(0) 0.509"
Hematologic (platelet?) 0(0) 0(1) 0(0) <0.0001"
Neurologic (GCSY) 2.6£1.5 22114 2.8£1.5 <0.0001"
Renal 2(3) 3(3) 2(3) 0.296
Cardiovascular* 0(0) 0(0) 0(0) <0.001*

SOFA, day 7 8.4+4.5 7.8+3.7 8.9+4.9 0.002
Respiratory (Horowitz) 2.5+1.1 2.5+1.1 2.5+1.1 0.525
Hepatic (bilirubin*) 0(1) 0(1) 0(1) 0.024"
Hematologic (platelet*) 0(1) 0(1) 0(1) 0.549"
Neurologic (GCS) 2.4£1.6 22114 2.6£1.6 0.005
Renal* 1(4) 1(3) 1(4) 0.014°
Cardiovascular* 0(0) 0(0) 0(2) <0.0001"

*Comparisons made using the Mann-Whitney U test. Values presented as median (interquartile range). GCS: Glasgow coma scale, SOFA: sequential organ failure assessment,
SD: standard deviation, COVID-19: coronavirus disease-2019, ICU: intensive care unit
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When compared to other sepsis agents, SARS-CoV-2 sepsis
presents with milder hyperinflammation, T-lymphocyte
suppression and insufficient adaptive immune response,
extensive macrophage infiltration in the lungs, and early
fibrosis, indicating the presence of different phenotypic
sepsis specific to this infection. Inappropriate and high-
dose immunosuppressive treatments impair the immune
response in these patients, and thus increase the risk of
secondary infections, further complicating treatment with
a clinical picture including more than one sepsis (sepsis?,
sepsis?, etc.).

In a retrospective study of patients that died due to
bacterial sepsis and severe COVID-19, Yu et al. (12) reported
that the activated partial thromboplastin time, prothrombin
time, and INR values were lower and the fibrinogen and
D-dimer levels were higher in the COVID-19 group (12). In
another study, Leisman et al. (13) showed that many acute
phase reactants, including D-dimer, CRR and ferritin, were
similar or higher in patients with COVID-19 compared to those
with sepsis or ARDS. As a result of the activation of different
inflammatory cascades in COVID-19 sepsis, endothelial
damage, hypofibrinolysis, immunomicrothrombus, and
hypercoagulopathy are seen more frequently than non-
COVID-19 sepsis cases. In addition, patients with COVID-
19 sepsis require anticoagulant treatment at a higher rate
and may present with microcirculation disorder, organ
damage, and different clinical symptoms. In our study, the
ICU admission and mean follow-up values of CRE which
is an acute phase reactant that plays a key role in the
complement system and opsonization, were found to be
significantly higher in the COVID-19 sepsis group. In addition,
this group had significantly higher fibrinogen associated with
inflammation and coagulopathy and significantly lower INR
compared to the non-COVID-19 sepsis group. Considering
that it is related to steroid treatment and the high incidence
of diabetes in COVID-19 patients, the admission and mean
glucose levels of our COVID-19 group were determined to
be significantly higher.

When the parameters evaluating hepatic and
gastrointestinal function were compared between the
two groups, it was determined that the AST, ALT, bilirubin,
and lipase values, which initially did not significantly differ,
showed a significant increase in the COVID-19 sepsis group
during the follow-up period. AST and ALT play an important
role in the prognosis of COVID-19 (14). Cai et al. (15) reported
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that 76.3% of 417 patients with COVID-19 had impaired
liver function test results, and 21.5% had liver damage at
the time of hospitalization, while the ALT, AST, total bilirubin,
and gamma-glutamyl! transferase levels increased more
than three times than the normal ranges. In a prospective
observational study, Rasch et al. (16) found increased lipase
levels in 31% of patients with COVID-19-associated ARDS
without evidence of pancreatitis. Similarly, during the one-
week follow-up, we detected significantly elevated lipase
values in the COVID-19 sepsis group. Lipasemia seen
after SARS-CoV-2 infection can be explained by the direct
damage of the virus to pancreatic cells and decreased organ
perfusion due to microcirculation and endothelial damage
(16). The significant increase in bilirubin levels in the COVID-
19 sepsis group during the follow-up period also indicates
effects on bile duct epithelial cells (cholangiocytes) with a
higher angiotensin-converting enzyme (ACE)-2 expression
than hepatocytes (17). Unlike inflammatory damage in
sepsis, involvement and direct organ damage due to SARS-
CoV-2 are more prominent in all cells and organs where
ACE-2 receptors are common.

When the mechanical ventilation parameters were
compared between the two groups, the number of days on
mechanical ventilation was found to be significantly higher in
the COVID-19 sepsis group. The higher PEEP and FiO, levels
and the lower tidal volume detected in our COVID-19 cases
are consistent with the results of the study and FiO, levels
and are consistent with the review of 20 studies by Tsonas
et al. (18) in which they compared the mechanical ventilator
parameters of non-COVID-19 and COVID-19 ARDS groups
in 2021. In the current study, hypercarbia, an indicator of a
ventilation/perfusion mismatch, was found to be significantly
higher in the COVID-19 sepsis group, although the minute
respiratory frequency was adjusted higher. While primary
pulmonary sepsis mostly causes ARDS as a result of alveolar
epithelial damage, pulmonary endothelial and alveolar
epithelial damage is seen together in ARDS associated with
CQOVID-19. It has been argued that rather than using the term
typical ARDS, it would be more appropriate to refer to COVID-
19 lung involvement as acute vascular distress syndrome
(AVDS), which is characterized by an intrapulmonary right-to-
left shunt, increased pulmonary blood flow, and ventilation/
perfusion mismatch (19,20). The invasion of endothelial
cells by SARS-CoV-2 via ACE-2 receptors and endotheliitis
suggest a specific pulmonary vascular disorder induced by
this virus, indicating AVDS rather than typical ARDS (21).



Eksi et al. SARS-CoV-2 and Non-COVID-19 Sepsis: Are They the Same Syndrome? 141

In our study, organ dysfunction in both sepsis groups
with the primary focus of infection being the lungs were
evaluated with ICU admission and seven-day follow-up SOFA
scores, and these scores were found to be significantly
higher in the COVID-19 sepsis group. In studies comparing
SARS-CoV-2-related and non-COVID-19 organ damage in the
literature, it was found that the SOFA scores were higher
in the non-COVID-19 sepsis at the time of ICU admission,
and organ dysfunction was also more prominent in this
group (9,11,12). However, in contrast to our study, previous
research did not re-evaluate patients for organ dysfunction
during the follow-up period. In a prospective cohort study
by Remy et al. (22) evaluating patients with COVID-19
and sepsis, the mean SOFA scores were reported to be
similar between the two groups. In another prospective
observational study conducted by Grigorescu et al. (23) to
compare bacterial sepsis and COVID-19 sepsis cases, organ
dysfunction was evaluated over a five-day follow-up period,
and although the SOFA scores were similar between the
two groups at baseline, they significantly increased in the
COVID-19 sepsis group after five days of follow-up compared
to the bacterial sepsis group. The reason for the multi-
organ failure seen in SARS-CoV-2 sepsis may be systemic
endotheliitis, endovasculitis, and direct viral cytotoxic effect,
as well as vascular dysfunction, which has a more chronic
course of irregular inflammatory response compared to
other sepsis agents through a mechanism that has not yet
been elucidated (24).

In our study, organ dysfunction in the patients with sepsis
was evaluated with ICU admission and seven-day follow-up
SOFA scores. By evaluating each component of this scoring
system, the effects of sepsis due to different pathogens
on each organ system and their changes over time were
determined. In the neurological evaluation using the GCS
score as a component of SOFA, COVID-19 sepsis was found
to have a significantly higher score. This can be explained
by the requirement for stronger sedation and longer prone
positioning times in COVID-19 cases.

The admission SOFA score, used to evaluate
hematological and cardiac dysfunction, was found to be
significantly higher in the non-COVID-19 sepsis group.
However, in the COVID-19 sepsis group, hepatic, renal, and
cardiac dysfunction was more pronounced according to the
SOFA scores evaluated during the follow-up. Although the
rate of chronic renal failure was higher in the non-COVID-19
group, CRRT requirement and renal dysfunction significantly

increased in the COVID-19 sepsis group during the follow-up
period. It remains unclear whether SARS-CoV-2 contributes
to this damage by directly targeting organs with a high
expression of alternative cell receptors, especially ACE-2
and L-SIGN, or through the expression of genes on the
coagulation system and endothelial immunomicrothrombosis
mechanisms (25-28).

The mortality rates reported by Karakike et al. (8) in
patients with COVID-19 requiring mechanical ventilation
are similarly high when compared to the sepsis-related
mortality data published before 2019 (29). In our study,
the mortality rates were statistically similar between the
two sepsis groups. In our study, we found that although
the patients with COVID-19 sepsis were younger and had
fewer comorbidities, this group had a similar mortality rate
to the non-COVID pneumosepsis group. This finding reveals
the destruction caused by COVID-19 viral sepsis with
multisystemic involvement in healthy adults.

Our study has certain limitations. First, it had a single-
center and retrospective design despite the large sample
size of 717 patients. Second, although the causes of
pneumosepsis in the non-COVID-19 group were similar
to the literature, these factors were not differentiated.
Third, admission and one-week follow-up values were
evaluated to minimize hospital-acquired infections, but it
was not possible to exclude cases complicated with culture-
negative secondary infections. However, since pulmonary
involvement mainly determines clinical presentation in
patients with COVID-19 cases, the inclusion of primary
pulmonary sepsis cases in the non-COVID-19 sepsis group
and the examination of their effects on the organ system
separately based on the idea that they can better define
each other can be regarded as the strong aspects of our
study. Another strength of the study is that data were
obtained from the electronic recording system verified by
the researchers.

Conclusion

Despite the patient population with lower mean
age and less comorbidities, it was observed that organ
dysfunction was higher in COVID-19 sepsis patients during
admission to the ICU and follow-up. Mortality rates were
similar in the two sepsis groups. Although the definition of
sepsis-3 is not pathogen-specific, SARS CoV-2-associated
sepsis cases occur with different phenotypic features.

Turk J Intensive Care 2024;22:132-43
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While the pathogen causing sepsis can be controlled with
rapid diagnosis and appropriate antimicrobial treatment,
these patients become more susceptible to secondary
infections due to the lack of appropriate antiviral treatment
in COVID-19 sepsis, immunomicrothrombosis, secondary
organ damage, and widespread immunosuppression.
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COViD-19 Hastalarinda Yogun Bakim Unitesi
Kabuliindeki Antitrombin Seviyelerinin Prognostik
Onemi

The Prognostic Value of Antithrombin Levels in COVID-
19 Patients on Intensive Care Unit Admission

6z Amac: Asin enflamasyona bagl hiperkoagtilopati, koronaviriis hastaligi-2019 (COVID-19)
hastalarinda mortalite ve organ yetmezliginden sorumlu olabilir. Anormal pihtilasma profilleri, kétl
sonlanimlarla iliskilendiriimistir. Bu calismada, yogun bakim nitesine (YBU) kabul edilen kritik
COVID-19 hastalarinda antitrombin (AT) diizeylerinin prognostik degerini degerlendirmeyi amagladik.
Gereg ve Yontem: Dort yiz on kritik COVID-19 hastasi retrospektif olarak analiz edildi. YBU'ye
yatista enflamatuvar ve konvansiyonel pihtilasma parametreleri ile AT aktivite seviyeleri kaydedildi.
Hastalarin klinik sonuglari degerlendirildi.

Bulgular: YBU kabuliindeki AT seviyeleri 6lenlerde yasayanlara gére anlamli olarak daha diisiikti
(%77,9 vs. %82,5; p=0,027). D-dimer degerleri ise Olenlerde yasayanlara anlamli olarak daha
yuksekti (2775 vs. 1495 ug/L; p<0,001). AT ve D-dimer icin kesme degerleri sirasiyla %70,5 ve 1585
ug/L olarak bulundu. AT ve D-dimer birlikte analiz edildiginde, mortalite tahmini sadece D-dimer veya
AT'den daha iyi olarak bulundu.

Sonug: Diisiik AT seviyeleri, COVID-19 hastalarinda yiiksek D-dimer seviyeleri ile birlikte ciddi
hastalik ve mortalitenin géstergesi olabili. COVID-19 hastalarinda AT eksikligini teshis etmek ve
yonetmek hayatta kalmak igin faydali olabili. Bu nedenle, AT seviyesi dlctimleri rutin laboratuvar
arastirmasi paneline dahil edilmelidir.

Anahtar Kelimeler: Antitrombin, COVID-19, D-dimer, hiperkoag(ilopati, mortalite

ABSTRACT Objective: Hypercoagulopathy related to hyperinflammation may be responsible for
mortality and organ failure in coronavirus disease-2019 (COVID-19) patients. Abnormal coagulation
profiles were associated with poor outcomes. In this study, we aimed to evaluate the prognostic
value of antithrombin (AT) levels in critically ill COVID-19 patients on the intensive care unit (ICU)
admission.

Materials and Methods: Four hundred ten critically ill COVID-19 patients were retrospectively
analyzed. Inflammatory and conventional coagulation parameters as well as AT activity levels were
recorded on the ICU admission. The clinical outcomes of patients were analyzed.

Results: AT levels on the ICU admission were significantly lower in non-survivors than survivors
(77.9% vs. 82.5%; p=0.027). Besides AT, D-dimer values of non-survivors were significantly higher
than survivors (2775 vs. 1495 pg/L; p<0.001). The cut-off levels for AT and D-dimer were 70.5%
and 1585 ug/L, respectively. When AT and D-dimer were analyzed together, mortality estimation
was better than only D-dimer or AT.

Conclusion: Low AT levels may be indicative of severe disease and mortality together with high
D-dimer levels in COVID-19 patients. Diagnosing and managing AT deficiency in COVID-19 patients
could be beneficial for survival. So AT level measurements should be included in the routine panel
of laboratory investigation.

Keywords: Antithrombin, COVID-19, D-dimer, hypercoagulopathy, mortality
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Giris

Haziran 2023 itibariyle, Diinya Saghk Orgiti'ne
bildirilen 6 milyondan fazla 6lim dahil olmak lzere 767
milyon dogrulanmis koronaviriis hastaligi-2019 (COVID-19)
olgusu olmustur (1). COVID-19'a bagh asiri enflamasyon
durumu, hastalarda endotel hiicre aktivasyonuna ve
hiperkoagtlopatiye katkida bulunmaktadir (2). COVID-19'un
neden oldugu hiperkoagtilopati de organ yetmezliklerine ve
olime yol acabilmektedir. Bu nedenle klinisyenlerin etkin
bir antikoagllan tedavi stratejisi uygulamalari ve tedavi
yeterliligini monitorize etmeleri sagkalim agisindan énemlidir.
Bu konuda yapilan calismalarda 6zellikle D-dimer ve fibrinojen
dlzeylerinin COVID-19 hastalarinda prognostik éneme sahip
oldugu bulunmustur (3). Ancak antitrombin (AT) dlzeylerinin
sonuca etkisine iliskin veriler azdrr.

AT, dogal antikoagllan olup trombin ve faktér Xa'nin ana
inhibitortdur. Trombozun dnlenmesi ve kanin akiskanhg icin
gereklidir. Bunun yani sira AT'nin anti-enflamatuvar ézelliklere
sahip oldugu ve disUk AT dlzeylerinin sepsis hastalarinda
kdtl prognozla iliskili oldugu bildirilmistir (4,5). COVID-19
hastalarinda yapilan calismalarda da azalmis AT seviyeleri
kaydedilmistir (6,7). Yiiz dort COVID-19 hastaslyla yaptigimiz
onceki calismamiz, disik AT dizeylerinin mortalite ve
tromboembolik olaylarla iliskili oldugunu gostermistir (8).

Biz bu retrospektif calismada, COVID-19 hastalarinin
yogun bakim Unitesine (YBU) kabulli sirasindaki AT
seviyelerinin, hastalik prognozuyla iliskisini incelemeyi
amagcladik.

Gerec ve Yontem

Istanbul Universitesi, Istanbul Tip Fakiltesi'nde Mart
2020 ile Haziran 2021 tarihleri arasinda YBU'de takip
edilmis olan ve laboratuvar ile onaylanmis 18 yas ve Uzeri
COVID-19 hastasinin verileri retrospektif olarak incelendi.
Verilerine ulasilamayan, tekrarlanan yatisi olan ve 18 yas alt
hastalar calisma disi birakildi. COVID-19 tanisi, hastalarin
nazofarengeal striintl érnegdinin revers transkriptaz-polimeraz
zincir reaksiyonu ile degerlendirmesiile konuldu. Diinya Saglik
Orgitli'ne gore siddetli akut solunum sendromu koronaviriis-2
pnomonisi teshisi konuldu (9). Veriler mevcut elektronik tibbi
kayitlardan ve hasta dosyalarindan arastirmacilar tarafindan
toplandi. Istanbul Universitesi, Istanbul Tip Fakiiltesi Klinik
Arastirmalar Etik Kurulu calismayi onayladi (karar no: 12,
tarih: 29.05.2020). Retrospektif calisma olmasi nedeniyle
hastalardan yazil bilgilendirilmis onam alinmadi.

Hastalar YBU'de kalis siiresince klinik sonlanimlarina
goére yasayanlar ve o6lenler olmak UGzere 2 gruba ayrildi.
Hastalarin YBU kabulii sirasindaki demografik, klinik ve
laboratuvar verileri kaydedildi. Hastalara ait yas, cinsiyet,
vicut kitle indeksi, basvuru sirasindaki hastalik siddeti [akut
fizyoloji ve kronik saglk degerlendirmesi-Il (APACHE-II)
ve giriste sirali organ yetmezligi degerlendirmesi (SOFA)
skorlari], komorbiditeleri (kronik kalp hastaligi, hipertansiyon,
kronik pulmoner hastalik, diabetes mellitus, kronik bdbrek
yetmezligi, maligniteler, kronik serebrovaskuler hastalik) ve
laboratuvar degerleri [trombosit sayisI, protrombin zamani
(PZ), aktive parsiyel tromboplastin zamani, ferritin, D-dimer,
AT aktivitesi, fibrinojen, C-reaktif protein (CRP), I0kosit,
lenfosit], PaO,/FiO, oranlari, klinik sonlanim, YBU vyatis
sireleri (gln), renal replasman tedavisi, mekanik ventilator
tedavisi ihtiyaclari ile vazopressor tedavi ihtiyaclar kaydedildi
ve gruplar arasinda karsilastirildi.

Laboratuvarimizda AT aktivitesinin normal aralhgr %75-
125 olmasi nedeniyle <%75 olan AT seviyeleri taze donmus
plazma (TDP) (10 mL/kg) ile tedavi edildi. Turkiye Cumhuriyeti
Saglik Bakanligi'nin énerilerine gére YBU'ye kabul edilen
tim hastalara kontrendikasyon yoksa trombofilaksi amaciyla
glinde iki kez 40 mg dusuk molektler agirhkli heparin
(enoksaparin), asetilsalisilik asit ve dipiridamol verildi.

Calismamizda, birincil sonlanim noktasi COVID-19
hastalarinin YBU'ye kabulli sirasindaki AT seviyeleri ile
sagkalim arasindaki iliski, ikincil sonlanim noktasi ise diger
hematolojik ve enflamatuvar belirteclerin COVID-19'un
prognozu Uzerine etkisidir.

istatistiksel Analiz

Tanimlayici analizler uygulandi ve Kolmogorov-Smirnov
testi ile normallik kontrol edildi. Strekli degiskenler ortalama
+ standart sapma, kategorik degiskenler frekans (ylzde; %)
olarak verildi. Grup karsilastirmalari ki-kare analizi kullanilarak
yapildi. Normal dagihm gosteren slrekli degiskenlerin analizi
icin Student t-testi kullanildi. Normal dagilim gdstermeyen
surekli degiskenler icin Mann-Whitney U testi kullanildi
ve degiskenler medyan olarak sunuldu. Korelasyonlar,
Spearman korelasyon katsayisi kullanilarak yapildi. Kesme
degerlerini belirlemek icin bir alici isletim karakteristigi
(ROC) egrisi analizi kullanildi. Hastalarin sagkalim analizleri
Kaplan-Meier egrisi kullanilarak yapildi. Istatistiksel analiz
SPSS 25.0 istatistik paketi (Chicago, lllinois, ABD) ile yapildi
ve p-degerinin <0,05 olmasi istatistiksel olarak anlamli kabul
edildi.
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Bulgular

Dort ylz yirmi bir COVID-19 hastasinin verileri incelendi.
Alti hastanin tekrarlayan yatisi olmasi ve 5 hastanin da AT
seviyeleri bakilmamasi nedeniyle 11 hasta calisma disi
birakildi (Sekil 1). Calismaya dahil edilme kriterlerini karsilayan
410 kritik COVID-19 hastasinin demografik verileri Tablo 1'de
Ozetlenmistir. YUz yetmis hasta YBU'den servise taburcu
edilirken 240 hasta YBU yatisi esnasinda kaybedilmistir (%41
vs. %59). Olen hastalarin yas ortalamasi, YBU kabuliindeki
SOFA ve APACHE-II skorlari yasayanlara goére daha ylksekti
(p=0,005, p<0,001, p<0,001, sirasiyla).

Hastalarin klinik 6zellikleri incelendiginde ¢len hastalarda
yasayanlara gére mekanik ventilasyon, renal replasman
tedavisi ve vazopressor tedavi gereksiniminin anlamli olarak
daha fazla oldugu goérildi (p<0,001) (Tablo 2). Uygulanan

antikoagllan tedaviler acisindan ise her iki grup arasinda
anlamli farklilik gortlmedi.

COVID-19 yogun bakim iinitesine yatan
hasta sayis1: 421

Calisma dis1 birakilan hasta sayisi: 11

e Tekrarlayan yatis1 olan: 6
o Verilerine ulagilamayan: 5

410 hasta verisi analizi

N

| Yasayan hasta: 170 ‘ ‘ Olen hasta sayist: 240

Sekil 1. Calisma akis semasi
COVID-19: Koronaviriis hastali§i-2019

Tablo 1. Hastalarin demografik ve klinik 6zellikleri

Parametreler Yasayanlar (n=170) Olenler (n=240) p-dederi
Cinsiyet (erkek) (n, %) 113 (%66) 149 (%62) 0,36
Yas (yil) 63,5 (54-73) 68 (58-77) 0,005
Vicut kitle indeksi (kg/m?) 26 (25-26,3) 26 (25-28) 0,034
APACHE-II 15,5 (10,8-21) 19 (14-26) <0,001
YBU kabuliindeki SOFA 4 (3-6) 6 (4-8) <0,001
Komorbiditeler

Hipertansiyon (n, %) 89 (%52) 122 (%50) 0,76
Diabetes mellitus (n, %) 58 (%34) 84 (%35) 0,85
Kronik kardiyak hastalik (n, %) 56 (%32) 95 (%39) 0,17
Kronik pulmoner hastalik (n, %) 33 (%19) 42 (%17) 0,62
Kronik serebrovaskiiler hastalik (n, %) 14 (%8) 36 (%15) 0,04
Kronik renal hastalik (n, %) 20 (%11) 37 (%15) 0,30
Malignite (n, %) 26 (%14) 59 (%24) 0,02
YBU: Yogun bakim {initesi, APACHE-II: Akut fizyolojik ve kronik saglik degerlendirmesi-Il, SOFA: sirali organ yetmezligi degerlendirmesi

Tablo 2. Hastalarin klinik 6zellikleri ve uygulanan antikoagiilan tedaviler

Parametreler Yasayan (n=170) Olen (n=240) p-degeri
Mekanik ventilasyon ihtiyaci (n, %) 78 (%45) 220 (%91) <0,001
Vazopressor tedavi ihtiyaci (n, %) 80 (%47) 213 (%89) <0,001
Renal replasman tedavi ihtiyaci (n, %) 24 (%14) 76 (%31) <0,001
YBU kalis (giin) 8 (5-14) 7,5 (3-13) 0,038
Asetilsalisilik asit (n, %) 162 (%95) 232 (%97) 0,48
Distik molekdler agirlikli heparin (n, %) 170 (%100) 239 (%99,6) 0,39
Dipiridamol (n, %) 164 (%96,5) 232 (%97) 0,91
YBU: Yogun bakim {initesi
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Hastalarin laboratuvar Tablo 3'te
gosterilmistir. Olen hastalarda yasayanlara gore istatistiksel
olarak anlamli daha dustk AT seviyeleri kaydedildi (%77,9 vs.
%82,5; p=0,027). D-dimer ve ferritin degerleri ise dlenlerde
yasayanlara gore anlamli derecede daha yUksekti (2275 vs.
1495 pg/L, p<0,001; 1060 vs.741 ng/mL, p=0,001, sirasiyla).

YBU kabuliindeki AT aktivitesi ve D-dimer seviyeleri,
APACHE-II skoru (r=-0,274, p<0,001; r=0,163; p=0,001,
sirasiyla) ve SOFA skoru (r=-0,33, p<0,001; r=0,212,
p<0,001, sirasiyla) ile negatif korelasyon gosterdi. Ayrica
AT, D-dimer ve CRP ile anlamli olarak negatif korele bulundu
(r=-0,109, p=0,028; r=-0,182, p<0,001, sirasiyla).

Mortalite tahmini icin AT ve D-dimer seviyelerine gore
ROC egrileri tasarlandi (Sekil 2). AT aktivitesi i¢in kesme
deger %70,5 idi (duyarlhk: %78, 6zgullik: %34). D-dimer
icin ise kesme deger 1585 pg/L bulundu (duyarlik: %69 ve
6zgullik: %52).

parametreleri

D-dimer Antitrombin

=1
ES
z
a

Duyarlilik

" AUC 0.555 (0.499- 0.610)

1-Ozgiillik

AUC 0,608 (0,553- 0.663)

1-Ozgiillik

Sekil 2. D-dimer ve antitrombin seviyelerine gére mortalite tahmini icin
ROC edrileri
ROC: Alici isletim karakteristigi, AUC: egri altindaki alan

Sekil 3'te AT ve D-dimer icin Kaplan-Meier sagkalim
analizi yapilmistir. Es zamanli AT seviyesi <%70,5 ve D-dimer
seviyeleri 21585 pg/L olan hastalarda kimdlatif sagkalim
daha dusuktl (log-rank ki-kare degeri =10,44; p=0,001).

Tartisma

Bu retrospektif calismanin ana bulgusu, COVID-19
hastalarinda YBU kabuliinde diger koagtilasyon parametreleri
ile birlikte dlstk AT dizeylerinin mortalite ile iliskili olmasidir.
Calismamizda inceledigimiz 410 COVID-19 hastasinda,
Olenlerde yasayanlara gore anlamli derecede daha dusik AT
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Sekil 3. COVID-19 hastalarinda Kaplan-Meier sagkalim analizi. Antitrombin
(AT) seviyesi <%70,5 ve D-dimer 21585 pg/L (n=87) olan hastalar yesil
cizgiyle, olmayanlar (n=323) ise mavi izgiyle gosterilmis olup AT aktivitesi
<%70,5 ve D-dimer 21585 pg/L olan hastalarda daha kisa yasam suresi
gozlenmekte (p=0,001)

COVID-19: Koronaviris hastaligi-2019, YBU: yogun bakim Gnitesi

Tablo 3. Hastalarin yogun bakim iinitesi kabuliindeki laboratuvar parametreleri

Degiskenler Yasayanlar Olenler p-degeri
Antitrombin aktivitesi (%) 82,5+19 77,9211 0,027
PaO,/FiO, 126,5(89,8-213,3) 98,5 (70-162,3) <0,001
CRP (mg/L) 98 (39,3-180,7) 119,8 (49-184,5) 0,196
Lokosit (108/pL) 9,6 (59-13,7) 10,1 (7,2-13,5) 0,302
Ferritin (hg/mL) 741,5 (316,3-1475,8) 1060,5 (482,3-2195) 0,001
D-dimer (ug/L) 1495 (877,5-3280) 2275 (1250-4630) <0,001
Lenfosit (108/uL) 0,6 (0,4-1,0) 0,59 (0,3-0,97) 0,169
Trombosit (108/pL) 247 (159,8-344,5) 218,5 (160-316,5) 0,231
Fibrinojen (mg/dL) 594,5 (473,8-693,1) 555 (425,1-684,9) 0,218
PZ (sn) 14,1 (13,2-16) 14,3 (13,1-16,4) 0,639
aPTZ (sn) 30(26,5-35,4) 30,5 (26,2-36,6) 0,502
PaO,: Parsiyel oksijen basinci, FiO,: inspire edilen oksijen fraksiyonu, CRP: C-reaktif protein, PZ: protrombin zamani, aPTZ: aktive protrombin zamani
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ve daha ylUksek D-dimer seviyeleri bulunmustur. Ayrica AT ile
D-dimerin birlikte incelenmesiyle sagkalim tahmininin daha
iyi olabilecegi gosterilmistir.

Sepsis hastalarinda yapilan cesitli calismalarda dustk
AT seviyelerinin mortaliteyle iliskili oldugu belirtiimesine
ragmen COVID-19 hastalarindaki calismalar sinirlidir. Bazi
calismalarda diisiik AT degerleri, COVID-19 hastalarinda
tromboembolik olaylar ve mortalite igin bir risk faktorl olarak
degerlendirilmistir (6,8). Onceki bir calismada, AT seviyeleri
dlenlerde yasayanlara gore daha dustk olmasina ragmen
bu fark istatistiksel olarak anlamli bulunmamistir (%84 vs.
%91) (10). Yine baska bir calismaya gore, fark istatistiksel
olarak anlamli olmasa da terminal donemdeki hastalarda AT
seviyeleri daha disUktd (11). Chen-Goodspeed ve ark.'nin
(12) yaptigl prospektif calismada AT seviyesinin 100'Gn
altinda olmasi mortalitede 8 kat artisla iliskilendirilmistir.
Ancak orneklem sayisinin kiclk olmasi ve kisa izlem
sliresi bu calismanin sonuglarina sinirhlik getirmistir. Bizim
calismamizda da literatlire benzer sekilde dlen hastalarda AT
seviyelerinin daha distk oldugu gozlendi. Ancak calismamizin
blytk 6rneklem buyUkligu, uzun zaman cercevesi ve hasta
cesitliliginden kaynakli AT seviyelerindeki farklilik istatistiksel
olarak anlamli bulunmustur.

COVID-19 hastalarinin prognozunu degerlendirmek
icin cesitli biyobelirteclerin kullanimi dnceki calismalarda
belirtilmistir. Uluslararasi Tromboz ve Hemostaz Dernedgi,
COVID-19 hastalarinda pihtilasma parametrelerinden,
D-dimer, PZ ve fibrinojenin izlenmesini 6énermistir (13).
Ozellikle son arastirmalar, yitksek D-dimer diizeylerinin
yuksek mortalite riski tasiyan hastalari tanimlayabilecegini
ve boylelikle kritik bakim, erken yonetim ihtiyaci hakkinda
bilgilendirici olabilecegini bildirmistir (2,10). Retrospektif bir
calismada YBU kabuliindeki D-dimer seviyesi icin kesme
degeri 2140 pg/L bulunmus ve %88,2 duyarlilik, %71,3
Ozglllik ile hastane mortalitesini tahmin edebilecegi
gOsterilmistir (14). Literatlire benzer sekilde bizim
calismamizda da olenlerde D-dimer dlzeyleri anlamli olarak
daha yUksekti ancak D-dimer icin kesme degeri daha disuk
bulunmustur.

CQOVID-19 hastalarinda D-dimerin diger parametrelerle
iliskisi degerlendirilmistir. D-dimer ve CRP'nin birlikte
degerlendirilmesinin tromboemboli gelisimi agisindan yliksek
pozitif dngorlye sahip oldugu belirtiimistir. Bu sonuclar,
D-dimer >9000 upg/L ve CRP >280 mg/mL oldugunda
tromboemboli olasiliginin %92 oldugunu gdstermektedir.
(15). Baska bir calismada, D-dimer ve CRP degerleri birlikte
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analiz edildiginde bu kombinasyon, COVID-19 ciddiyetinin
tahmininde, yalnizca CRP veya D-dimere gore daha iyi
bulunmustur (16). Calismamizda AT ve D-dimer birlikte analiz
edilmistir. Sadece D-dimer veya sadece AT degeri degil
bu iki parametrenin birlikte degerlendiriimesiyle mortalite
tahmininin daha iyi yapilabilecegi gosterilmistir.

AT degerleri ile diger belirtegler arasindaki iliski heniiz
netlik kazanmamistir. Son yillarda yapilan bir calismada AT ile
D-dimer ile arasinda anlamli negatif korelasyon gézlenmesine
ragmen faktor Xa, uluslararasi normalizasyon orani ya da
fibrinojen ile AT arasinda bir korelasyon gosterilememistir
(12). Ayni calismada CRP ile AT arasinda negatif korelasyon
gbdzlenmesine ragmen bu durum istatistiksel olarak anlamli
degildir. Yaptigimiz calismada AT, D-dimer ve CRP ile anlamli
olarak negatif korelasyon géstermis olup asiri enflamasyonla
ilgili bize yol gdstermesi agisindan AT'nin dnemli olabilecegini
gostermektedir.

AT, anti-enflamatuvar 6zellikleri de olan bir antikoaguilandir.
COVID-19'da asiri enflamasyon ve koagllopatiye bagli olarak
dlzeyinin azalmasiyla organ yetersizliklerinin artabilecegi
belirtiimistir (17). Yakin zamandaki bir calismada COVID-
19 hastalarindaki dtsik AT seviyesinin artmis mekanik
ventilasyon ve ekstrakorporeal membran oksijenasyon
destegi ile iliskili oldugu bildirilmistir (18). Ancak dustk AT
dUzeyleri ile bobrek hasari ya da diger organ yetersizlikleri
arasindaki iliskiyi inceleyen calisma sayisi sinirlidir.
Calismamizda yasayan ve dlen hastalar arasinda organ
yetersizlikleri karsilastirilmis olup AT degerine gore
degerlendirme yapan calismalara ihtiyac vardir.

AT eksikligi, etkin antikoagulan tedavi icin AT konsantreleri
veya TDP ile tedavi edilebilir. DUsUk doz AT tedavisinin (3
gln boyunca 1.500 I1U/gln) sepsis kaynakli dissemine
intravaskuler koagtlasyon (DIK) olan hastalarda sonuglari
iyilestirdigi bildirilmistir (19). Japonya'da, AT seviyeleri
<%70 olan sepsise bagh DIK hastalarinda AT takviyesi
kullaniimistir (20). Protokolimize gore AT seviyeleri <%75
olan hastalara lGlkemizde AT konsantresi bulunmadigi igin
TDP uygulanmistir. Clnkd laboratuvarimizin AT icin normal
referans araligi %75-125 arasindaydi. Ancak calismamizda
AT'nin mortalite agisindan kesme degeri %70,5 olarak
bulunmustur. AT tedavisi icin net bir kesme deger olmayip
daha fazla galisma yapilmasina ihtiyag bulunmaktadir.

Bu calismanin belirli sinirliliklart vardir. ilk olarak, calisma
retrospektif olarak gozlemsel bir sekilde tasarlanmistir.
Ikincisi, ikincil enfeksiyon verileri bu calismaya dahil
edilmemistir. Sepsis kaynakll koagulopatiler, bu hastalarda
pihtilasma profili Gzerinde ek bir etkiye sahip olabilir.
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Sonug

Hasta Onami: Retrospektif calisma olmasi nedeniyle
hastalardan yazil bilgilendiriimis onam alinmadi.

COVID-19 hastalarinda D-dimer seviyesinin klinik
sonlanimla iliskisi ¢ok sayida calismada gosterilmistir.
Ancak AT duzeylerinin sonuca etkisine iliskin veriler azdir.
Calismamiz, yiksek D-dimer ile birlikte distk AT seviyelerinin
COVID-19 hastalarinda koti sonlanimla ile iliskili oldugunu
géstermektedir. COVID-19 hastalarinda AT eksikligini teshis
etmek ve yonetmek sagkalim igin faydali olabilir. Bu nedenle,
AT seviyesi Olctimlerinin rutin laboratuvar arastirmasi paneline
dahil edilmesi gerektigi sonucu varmis bulunmaktayiz.

Etik

Etik Kurul Onayr: Calisma icin Istanbul Universitesi, Istanbul

bildirilmemistir.

bildirilmistir.

Tip Fakdltesi Klinik Arastirmalar Etik Kurulu tarafindan onay
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OLGU SUNUMU / CASE REPORT

@ Seyma Yiiksel, Fournier Gangrenili Hastada Somatik Oksimetri Takibi
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& Alnct ivol Somatic Oximetry Monitoring in a Patient with Fournier

Gangrene

6z Fournier gangreni, perine ve genital bolgede, fasyal planlar arasinda hizli yayilan ve yumusak
doku nekrozu ile seyreden mortal bir cerrahi acil durumdur. Nekrotik dokularin erken debridmani ile
dokularin oksijenizasyonunu artirmak tedavinin amacidir. Bu olgunun tedavisinde svilar, antibiyotikler
ve yapilan debridmanlarin etkinligini daha yakin degerlendirebilmek icin hemodinamik takip yaninda
non-invaziv bir yontem olan somatik oksimetri monitérizasyonu uygulandi. Tedavinin etkinliginde,
rSO, degerleri ile diger laboratuvar ve takip parametrelerinin korele olarak ylkseldigi gézlemlendi.
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ABSTRACT Fournier’'s gangrene is a mortal surgical emergency characterized by rapidly spreading
soft tissue necrosis between fascial planes in the perineum and genital area. The goal of treatment
is early debridement of necrotic tissues to improve tissue oxygenation. In the treatment of this
case, somatic oximetry monitoring, which is a non-invasive method, was applied in addition to
hemodynamic monitoring to evaluate the effectiveness of fluids, antibiotics and debridements
more closely. In the efficacy of the treatment, it was observed that rSO, values correlated with
other laboratory and follow-up parameters.
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teknikle periferal oksijenasyon ve sistemik hemodinamik
takip olcutleri gibi degiskenlerin dngéremedigi verileri elde
etmek mUmkdindar.

Olgumuzda, Fournier gangreninde nekrotik dokularin
en yakin yerine uygulanan somatik oksimetriyle hastanin
hemodinamik takibinin ve yara iyilesmesinin, doku
oksijenizasyonu ile olan korelasyonunu vurgulamayi
amagcladik.

Giris

Fournier gangreni, perine ve genital bélgede, fasyal planlar
arasinda hizli yayilan ve yumusak doku nekrozu ile seyreden
onemli cerrahi acillerdendir. Mortalitesi gintmdzde teshis ve
tedavi yontemlerindeki gelismelere ragmen % 16-40 arasinda
degismektedir (1). Tedavideki amag nekrotik dokularin erken
debridmaniyla dokularin oksijenizasyonunu artirmaktir.
Standart monitorizasyonda kullanilan kalp hizi (Nb), periferik
oksijen saturasyonu (SpO,), hemoglobin ve hematokrit
(Htc) dizeyi, laktat, pH, baz acigi gibi parametreler doku

Olgu Sunumu

oksijenasyonunu gostermede her zaman yeterli olmayabilir.
Bu nedenle doku oksijenasyonunun (rejyonel oksijen
saturasyonu, rSQ,), non-invaziv degerlendiriimesi igin near-
infrared spektroskopi (NIRS) teknigi kullaniimaktadir.

NIRS teknigi ile degerlendirilen somatik/serebral
oksimetre, bolgesel oksijen doygunlugunu izlemede gergek
zamanl bilgi vermekte ve sensor altinda kalan dokudaki
perflizyonun yeterliligi hakkinda klinik veri sunmaktadir. Ayrica
bolgesel oksijen dagitimi ve oksijen tlketimi arasindaki kritik
dengede olusan degisimin de hizli gostergesidir (2). Bu
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Olgumuz ates, halsizlik, terleme, ishal, sirt agrisi,
skrotumda agri ve renk degisikligi sebebiyle ambulansla
acil servise getirildi. Kirk alti yasindaki erkek hastanin
dzgecmisinde, sadece diabetes mellitus vardi. Iki giin énce
ishal, sirt agrisi nedeniyle baska bir merkeze basvuran
hastaya adini bilmedigi intramuskdiler tedavi uygulanmis,
ertesi guin uyluk i¢c yizinde agri ve hassasiyeti olmustu.

Hastanin genel durumu kotd, takipneik, tasikardik,
konflize, toksik gorinimde, ates: 38,1 °C, kan basinc:
90/60 mmHg, Nb: 105/dk, solunum sayisi: 32/dk,
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SpO,: %97 dlglldu. Fizik muayenesinde, skrotumda yaygin
o6dem, hiperemik nekrotize alanlar, perianal bolgeye uzanan
gangrendz alanlar izlendi (Sekil 1). Her iki testis hassast!.

Laboratuvar sonuclarina goére [glukoz: 420, kan Ure
nitrojeni: 40, kreatinin: 1,43, glomerdl filtrasyon hizi: 57, Na:
121, K: 3,3, C-reaktif protein (CRP): 350, prokalsitonin: 78,
platelet: 71.000, arter kan gazi; pH: 7,4, HCO,:16, laktat:
5,8, uluslararasi normallestirilmis oran: 1,3] sepsis tablosu
mevcuttu (Tablo 1,2). Hasta septisemi, metabolik asidoz,
pansitopeni nedeniyle genel cerrahi, Uroloji, nefroloji,
enfeksiyon hastaliklari ve hematoloji klinikleri ile konsllte
edildi (Tablo 1,2). Fournier gangreni tanisi dogrulanan hastaya
elektrolit ve HCO, replasmani yapildiktan sonra acilen
ameliyata alindi. Genel cerrahi ve Uroloji klinikleri tarafindan
bes saat sliren operasyonda, perine ve skrotuma agresif
debritman ve fasyotomi yapilan hasta postoperatif yogun
bakim Unitesine (YBU) yatirildi.

Intravendz sivi yilklemesi, kristalize instilin ve bikarbonat
inflzyonu, metranidazol 3x1 g, imipenem 4x500 mg,
vankomisin 2x1 g ve flukonazol 1x400 mg tedavileri baslandi.
Eritrosit slspansiyonu, taze donmus plazma replasmani
yapildi ve hasta parenteral beslenmeye basland.

Hastanin sirt bélgesinde yara alaninin sinirina en yakin
yere [bilateral T8 seviyesinde, scapula inferiorunda, posterior
axiller hat, (Sekil 2,3)] NIRS problari yapistirilarak somatik
monitorizasyon (rSO,) ile doku oksijenizasyon takibi yapildi.
Baslangicta bilateral rSO, degerleri sag/sol: 64/50 olarak
Olculdu fakat yaklasik alti saat sonra bu degerin sag/sol: 50/33
olarak geriledigi goruldu (Sekil 4, Tablo 1). Yara kiltUrlerinde
Escherichia coli ve Streptococcus mitis, kan kiltirinde
koagtilaz negatif stafilokok Uredi.

Sekil 1. Fournier gangreni gelisen alanlarin (scrotum, perine) gorlintileme
bulgular

Uctincti glinde prokalsitonin ve CRP geriledi. rSO, sag/
sol: 60/40 olcildl (Tablo 1). Hastaya yatisinin besinci glintinde
kolostomi acildi. Ginlik yara yeri pansumani ve glnasiri
olarak ameliyathanede sedasyon altinda yara debridmani
yapildi. Bu uygulamalardan sonra rSO, degerlerinde sag/
sol: 60/44, 64/63 ve 69/71 olarak ylkselmeler gozlemlendi.
On besinci glinde intraoperatif alinan yara yeri kiltdrinde
E. coli ve Acinetobacter baumannii Uredi. Eritrosit ve
trombosit slspansiyonu ve albumin replasmanina devam
edildi. Tedaviye kolistin 2x150 mg eklendi. Hastanin YBU'de
on sekiz glnlik yatisi slresince vazopressor ajan ihtiyaci
olmadi. CRP ve prokalsitonin degerleri geriledi, sepsis
tablosu dlzeldi. Perine ve skrotumdaki yaralari da dnemli
6lclde duzelen hasta, rSO, degerleri sag/sol: 71/72 olarak
genel cerrahi servisine devredildi (Tablo 1).

Serviste aralikli olarak pansuman yapilmaya devam
edildi, kolostomisi kapatildi. Flukonozal ve vankomisin 29
gln, kolistin 53 glin, imipenem 67 gun verildi. Plastik cerrahi
tarafindan iki kez deri grefti konulan ve flep yapilan hasta iki
aylik yatistan sonra sifa ile taburcu edildi. Bu olgu sunumu
icin hastadan bilgilendirilmis onam alinmistir.

Tartisma

Fournier gangreninde, perianal ve genital bolgedeki
fasyal planlar boyunca agresif seyirli doku nekrozu sepsise
ilerleyerek ylksek mortaliteye sahip klinik bir tablo olusabilir.
Gangren6z dokuya en yakin ve uygun alandan somatik
oksimetri monitorizasyonu uygulanmasi hastanin tedavi
sUrecinin yakin takibinde faydali olmustur.

Yogun bakimda sik karsilasilan durumlarda doku
oksijenasyonunun yakin takibi gerekli olup ve NIRS doku
oksijenasyon parametreleri arasinda gUclU bir yere sahiptir.
Serebral ve doku oksimetresi, bolgesel oksijenasyonu
6lemenin basit yoludur. NIRS'nin gosterdigi doku O, degeri
%55-85 arasinda degisir. NIRS teknigi ile beyin, bobrek,
mezenter gibi dokularda oksijenasyonun yeterliligi ve
dokularda tiketilen oksijen miktari degerlendirilebilir (2,3).
Hastanin hemodinamik parametrelerinin yaninda takip
ederken enfeksiyon ve gangrendz hasar nedeniyle yikima
ugramis dokunun beslenmesini de takip ederek iyilesme
stireci yonetilmeye calisiimistir. Ozellikle ilk giin somatik
oksimetri monitdrizasyonunda sol tarafta olusan dustk
rSO, degerlerinin, yara debridmani, pansumanlar ve yapilan
tedaviler sonucunda besinci glinden sonra ylkselmeye
baslayarak bazal 6lcim degerlerine ve Uzerine ciktig
gorulmustar.
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Tablo 1.rSO, degerleri ile diger kan parametrelerinin giinliik takip degerleri

Giinler 1 2 3 5 9 12 15 18
rSO, (sag/sol 50/33 | 58/42 60/40 | 60/44 | 64/63 | 69/71 66/60 /72
Bazal deger (64/50)

Hb (gr/dL) 14,8 10,5 10,1 7,7 8 74 79 72
WBC (x103/uL) 3 1,6 1,8 58 - - - -

Htc 40,7 28,2 21,3 22,5 - - - -

Plt (x10%/uL) Al 54 40 64 146 256 276 304
CRP (mg/dL) >350 308 345 297 196 172 158 115
Prokalsitonin - 89 86 25 2 2 1 0,68
Kreatinin (mg/dL) 1,43 1,35 0,91 0,8 0,52 0,54 0,59 0,54
BUN (mg/dL) 40 35 37 34 12 9 7 12
GFR 57 62 100 106 127 125 120 125
ALT (IU/L) 23 23 60 52 15 14 14 12
AST (IU/L) 42 77 163 68 25 15 21 13
Potasyum (mmol/L) 33 3,6 2.6 2,7 2,7 4,1 38 3,5
INR 1,36 1,49 1,36 1,46 1,46 1,84 1,63 -
Laktat (mmol/L) 58 57 4,1 2,2 1,7 1,4 14 1,3
CRP: C-reaktif protein, Hb: hemoglobin, WBC: beyaz kan hiicresi, Htc: hematokrit, Plt: platelet, BUN: kan Gre nitrojeni, GFR: glomer(l filtrasyon hizi, ALT: alanin aminotransferaz,
AST: aspartat aminotransferaz, INR: uluslararasi normallestirilmis oran

Tablo 2. Kan gazi takip degerleri
ilk gelis | 1.giin | 2.giin | 3.giin

pH 7,41 7,28 7,48 7,54

PO, 124 86,1 93,8 97,6
PCO, (mmHg) 17,8 28 28 34

HCO, (mmol/L) 16 14,6 | 208 29,4

Baz fazlaligi (BE) -13 -13,3 |5 39
Laktat (mmol/L) 5,8 4,9 3,4 2,1

NIRS'nin sadece serebral degil farkli dokularin

(iskemik ekstremite, bdbrek vb.) monitorizasyonunda da
kullanilabilecegine dair yayinlar mevcuttur (4,5). Bu konudaki
calismalar, hastanin hemodinamik verilerinin her zaman
yeterli olmadigl doku oksijenasyonunu tespit etmede
NIRS'nin vyararli oldugunu gostermistir (6,7). Olgumuzda
hemodinamik ve yara iyilesmesini takip ederken, gangren6z
dokunun beslenmesi, sepsise neden olan odagin kontrol
edilmesi ve doku oksijenasyonu gibi sorunlari da daha yakin
gozlemlemek icin somatik oksimetri monitdrizasyonunu
kullanmayi uygun gorduk.

Olgumuz, non-spesifik sikayetlerinden dolayl Fournier
gangreni tanisi koymak ve tedaviye baslanmasi acisindan
hastaneye gec miracaat eden bir olguydu. Sepsis nedeniyle
bir siire YBU'de takip edilen olgumuz, sivi resusitasyonu,
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Sekil 2. Sol somatik oksimetri probunun yerlesimi

uzun sureli genis spektrumlu antibiyoterapi, kan sekeri
regulasyonu, nutrisyonel destek, sistemik hastaliklarin
tedavisi, glnlik yapilan genis debridman ve pansumanlar ile
2,5 ay sonunda iyileserek taburcu edildi. Tedavisi esnasinda
NIRS ile yapilan somatik oksimetri monitdrizasyonundaki
degerler hastanin hemodinamisi, hemoglobin, laktat,
trombosit dlzeyi, akut faz reaktanlari, karaciger fonksiyon
testleri, bébrek fonksiyon testleri ile korele oldugu géraldu.
Bu gelismelerin sonucu olarak NIRS glinimizde kan ve
vicut sivilarinin analizi igin iyi bir ara¢ olmakla birlikte aktif ve
sUrekli gelisen bir arastirma alani olmaya devam etmektedir.
NIRS, hemoglobine 6zgunltgt ve duyarliligl, invaziv olmayan
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Sekil 3. Sag somatik oksimetri probunun yerlesimi

tani amacli firsatlar olusturmaktadir (8). Fournier gangreni,
mortal seyreden bir hastalik olmasi nedeniyle sadece
hastanin hemodinamik verileri ve yara iyilesmesinin takibiyle
yetinmenin yetersiz kalacagini distnduk. Tedavide verilen
sivilar, antibiyotikler, yapilan debridmanlar ve pansumanlarin
etkinligini daha yakin degerlendirebilmek i¢cin non-invaziv bir
yoéntem olan rSO, monitérizasyonu da uygulamayi dustnduk.
Tedavinin etkinliginde, rSO, degerleri ile diger laboratuvar ve
takip parametrelerinin korele olarak ytkseldigini gdzlemledik.

Somatik oksimetri uyguladigimiz Fournier gangreni
olgusundaki gibi yogun bakim hastalarinda uygun
endikasyonlarin varliginda somatik oksimetri ile yapilacak
takiplerin hastanin klinigi ve tedavi sdreci icin yararl olacagi
kanaatindeyiz.

Sekil 4. Sag/sol somatik oksimetri monitorizasyonunda bazal degerler

Etik
Hasta Onami: Bu olgu sunumu icin hastadan bilgilendirilmis
onam alinmistir.
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