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Evaluation of outcomes of obstetric patients with COVID-19 disease followed
up in the intensive care unit
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ABSTRACT

Objective: We aimed to evaluate the characteristics, prognosis, laboratory parameters, and mortality of severely ill obstetric patients due to
severe COVID-19 disease and determine the factors affecting mortality.

Methods: Medical records of obstetric patients with COVID-19 infection were reviewed. Patients were admitted to the intensive care unit (ICU)
and the outcomes of the newborns were evaluated furtherly.

Results: A total of 325 women were included. The ICU requirement was 8.6% (28/325). Among 28 women admitted to ICU maternal mortality
rate was 53.6% (15/28), and preterm delivery rate was 88% (24/28). The 27 newborns were evaluated furtherly. Six stillbirths occurred. 40.7%
(11/27) of the newborns had 1st minute APGAR scores lower than 7, while 33.3% (9/27) of them had 5th minute APGAR scores lower than 7.
Body mass index, CRP, D-dimer, LDH, and CRP/Alb ratio were found to be significantly higher in the mortality cohort than surviving women
requiring ICU. The CRP/AIb ratio was the most significant predictor of COVID-19-related maternal death in ICU.

Conclusion: The study revealed that COVID-19-related maternal mortality is considerably high in severely ill patients. The CRP/Alb ratio
is a significant predictor of mortality. The cesarean section and preterm delivery rates were significantly high in severely ill mothers with
COVID-19. Additionally, the severity of the mothers’ illness negatively influenced neonatal outcomes.

Keywords: COVID-19, intensive care unit, mortality, obstetric

6z
Amag: Siddetli COVID-19 hastaligi nedeniyle yogun bakimda yatan obstetrik hastalarin ézelliklerini, prognozunu, laboratuvar parametrelerini
ve mortalitesini degerlendirmeyi ve mortaliteyi etkileyen faktorleri belirlemeyi amagladik.

Gereg ve Yontem: COVID-19 enfeksiyonu olan obstetrik hastalarin tibbi kayitlari incelendi. Yogun bakima yatirilan hastalar ve yenidoganlarin
sonugclari ayrintili olarak degerlendirildi.

< Derya Karasu -+ drderyatopuz@gmail.com
Received / Gelis tarihi: 28.03.2025 Accepted / Kabul tarihi: 11.06.2025 Published / Yayin tarihi: 26.12.2025

Copyright © 2025 The Author(s). Published by Turkish Society of Intensive Care. This is an open access article distributed under the Creative Commons Attribution License (CC BY),
which permits unrestricted use, distribution, and reproduction in any medium or format, provided the original work is properly cited.
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Bulgular: Toplam 325 hasta calismaya dahil edildi. Yogun bakim gereksinimi %8.6 (28/325) idi. Yogun bakima yatirilan 28 hasta arasinda
maternal mortalite orani %53.6 (15/28) ve preterm dogum orani %88 (24/28) idi. 27 yenidogan ayrintili olarak degerlendirildi. Alti 614 dogum
gerceklesti. Yenidoganlarin %40.7’sinin (11/27) 1. dakika APGAR skorlari 7°den dusukken, %33.3'lnln (9/27) 5. dakika APGAR skorlari 7°den
diUsukta. Vucut kitle indeksi, CRP, D-dimer, LDH ve CRP/Alb oraninin, yogun bakima ihtiyac duyan hayatta kalan hastalara gére mortalite
kohortunda anlamli derecede daha ylksek oldugu bulundu. CRP/Alb orani, YB'da COVID-19 ile iliskili anne 6limUnin en énemli predictor
faktoru olarak bulundu.

Sonug: Calismamiz yogun bakim hastalarinda COVID-19 ile iligkili anne 6limunin énemli dlglide ylksek oldugunu ortaya koydu. CRP/Alb
oranini mortalite igin 6nemli bir prediktor olarak bulduk. Sezaryen ve erken dogum oranlar COVID-19’lu yogun bakim hastalarinda anlamli

derecede yUksekti. Ek olarak, annelerin hastaliginin ciddiyeti yenidogan sonuclarini olumsuz yénde etkiledi.

Anahtar kelimeler: COVID-19, obstetric, 6l1im orani, yogun bakim Unitesi

Introduction

The World Health Organization (WHO) declared the
new coronavirus disease (COVID-19) as an epidemic
on March 11, 2020, and the first case of COVID-19 was
detected in our country on the same date (1). By May
2022, WHO had announced more than 517.648.631
confirmed cumulative cases and approximately
6.261.708 cumulative deaths (2). On the same date,
Turkey, reported more than 15.050.207 confirmed
cumulative cases and about 98.878 cumulative deaths

.

While the course of COVID-19 disease can be
asymptomatic, it can also present a clinical
manifestation that can range from mild symptoms to
respiratory failure or multi-organ failure (1,3). Although
yielding data provide us a point of view regarding
the characteristics of COVID-19 infection in the
general population, there are very little data exist in
terms of risk factors concerning COVID-19 disease in
specific patient groups, such as obstetric patients (4).
Previous pandemics reports revealed that COVID-19
infection in pregnant women was associated with an
increased risk for complications (5). After then, Li et al.
(4) stated the COVID-19 disease usually presented
mild respiratory symptoms in pregnant women,
predominantly together with fever and pneumonia;
on the other hand, other severe respiratory symptoms

were reported to be less common. Furthermore,

Turk J Intensive Care 2025;23(4):257-267

Antoun et al. (6) suggested that COVID-19 disease
could lead to an increase in the prevalence of preterm
birth, preeclampsia, and cesarean section, without
increasing severe complications in newborns. Finally,
it was concluded in another report that, despite the
generally mild or asymptomatic course of COVID-19
disease in young patients, the risk of severe and
complicated illness was higher in the pregnant
population of the same age (7).

Although several studies are conducted in the
general population researching the clinical and
laboratory parameters predicting the progression to
severe disease in COVID-19, the data are very few in
obstetric patients. Therefore, we aimed to evaluate
the characteristics, prognosis, laboratory parameters,
and mortality of obstetric patients followed up in the
intensive care unit (ICU) due to severe COVID-19
disease and to determine the factors affecting
mortality.

Materials and Methods

The study was conducted in accordance with
the Helsinki Declaration and registered to www.
clinicaltrials.gov (NCT05264987). After the approval
of the local ethics committee (2011-KAEK-25 2021/06-
20), obstetric patients hospitalized in the ICU of
Bursa Yuksek |htisas Training and Research Hospital

between March 11, 2020 - September 15, 2021, were
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reviewed retrospectively. Patients admitted to the ICU
for COVID-19 during the pregnancy and postpartum
period, from the beginning of pregnancy and up to
42 days after delivery, were included in the study.
Patients with clinically suspected COVID-19 disease
and having negative PCR tests were excluded from
the study.

Demographic data, obstetric histories, comorbidities,
treatments received in the ICU, delivery types,
anesthesia types, and outcomes of newborns and
mothers were retrospectively evaluated from the
medical records. The need for the mechanical
ventilator, the length of stay in the ICU, and outcomes
of mothers were recorded. Laboratory findings
were noted on the first day of admission to the ICU,
including routine complete blood count, liver and
kidney function, coagulation parameters, C-reactive
protein (CRP), and albumin levels. Then neutrophil
to lymphocyte (N/L) ratio, platelet to lymphocyte
(P/L) ratio, and CRP to albumin (CRP/Alb) ratio were
calculated. Deceased patients were evaluated in
detail, and extreme cases were discussed.

The data were analyzed using SPSS Statistics for
Windows version 19.0, 2010 (Armonk, NY: IBM
Corp.). The Fisher's exact test was conducted to
analyze categorical variables. Non-parametric tests
were performed to analyze the small sample-sized
data (n<30). The continuous maternal variables
were compared using the Mann-Whitney-U test. The
maternal characteristics and laboratory tests were
presented as median (25-75 percentiles) and number
(%). Poor neonatal outcomes were determined as 1
and 5" minute APGAR scores lower than 7, and poor
maternal outcomes were identified as maternal death.
The relation of the contributing factors with poor
neonatal outcomes was analyzed using the Spearman
correlation test. The statistically significant parameters
in the maternal death were included in a further
logistic regression model. After the multicollinearity
analysis (tolerance >0.4), the Hosmer-Lemeshow
test was performed to check the model’s fitness.

The effect sizes were presented as odds ratios (OR)
and 95% confidence intervals (Cls). Additionally,
receiver operating characteristic (ROC) curve analysis
was conducted to find out optimal cut-off level and
sensitivity and specificity of the demonstrated cut-off
value of the independent parameters associated with
maternal mortality. All tests were performed as two-
tailed, and p<0.05 was considered significant.

Results

Ward patients

During the time process of this study, 516 patients
were admitted to the COVID-19 obstetrics ward, and
325 patients with positive SARS CoV-2 PCR tests were
included in the analysis. Of these, 271 (83.9%) were
hospitalized during pregnancy, and 54 (16.6%) in the
postpartum period. 296 (91.1%) of the hospitalized
patients were discharged well from the hospital, 28
(8.61%) patients required admission to the ICU, and
one died in the obstetrics ward. Of the 296 discharged
patients, 137 patients were discharged with an
ongoing pregnancy and 159 in the postpartum period.
Of the159 postpartum patients, five aborted, 106 were
delivered by cesarean section (general anesthesia
rate 6.6% and spinal anesthesia rate 93.4%), and 48
were delivered vaginally (Figure 1).

The rate of asymptomatic patients at the time of
admission to the hospital was 10.7%. Dyspnea
21.4%, cough 14.3%, anosmia and ageusia 3.6%, and
vomiting 3.6% were observed in patients. Only one
of our patients had received the COVID-19 vaccine.
She was hospitalized and discharged during her
pregnancy.

The Code Blue Case in the Obstetrics Ward

The case was a 35-years-old, 27 gestational weeks
pregnant woman with no comorbidity who was being
followed up in the obstetric ward. Due to respiratory
distress, the patient was intubated in the ward following

Turk J Intensive Care 2025;23(4):257-267
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Figure 1. Flowchart of the study

the Code Blue emergency call. Then a sudden cardiac
arrest was developed just before the transfer to the
ICU. Cardiopulmonary resuscitation was immediately
started, and a perimortem cesarean section was
performed. A living neonate was delivered, with the 1%
minute APGAR score of 0 and the 5" minute APGAR
score of 4. This newborn was excluded from the
neonatal outcomes analysis.

Difficult Airway in a Morbid Obese Patient

The case was a 25-years-old morbid obese patient
with a BMI of 49.2 kg/m?2. The patient was consulted
with the Anesthesiology and Reanimation team due
to severe respiratory distress on the third postpartum
day. The consultant team considered transferring the
patient to ICU; however, it was decided to secure the
airway first in the ward before the transfer because
of the severe dyspnea. Both mask ventilation and
intubation of this patient were difficult. Intubation
was possible in the third attempt with gum elastic
bougie. Seven healthcare personnel were infected
with SARS-CoV-2 from the patient despite wearing

Turk J Intensive Care 2025;23(4):257-267

Level-3 personal protective equipment. At that time,
vaccination had not yet started in our country.

ICU patients

A total of 28 women were admitted to the ICU. Of these
patients, 18 (64.29%) were postpartum patients, and
10 (35.71%) had ongoing pregnancies. The criteria for
admission to ICU were respiratory rate =30 breaths per
minute, oxygen saturation level <90%, and Horowitz
index =300 mmHg. The maternal characteristics
and the comparison of the data between mortality
and survival patients were presented in Table 1. The
comparison of the laboratory parameters at first
admission to the ICU was presented in Table 2.

While 16 of our cases were followed up with
high-flow nasal oxygen therapy, 22 patients were
intubated due to refractory hypoxemia and needed
invasive mechanical ventilation. The requirement for
mechanical ventilation was 82.14% (n=23) in all our
obstetric COVID-19 ICU patients. All the postpartum
patients were placed in the prone position. Also, the
other pregnant patients were placed in the prone
position after delivery. The median (25-75 percentiles)
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Table 1. Demographic data of the cases admitted to the ICU

Age, years
BMI, kg/m?
Gravidity, n
Parity, n

Gestational weeks, weeks

APACHE I1, points

Total (n=28)
32.5(27.0 - 35.8)
27.5(24.9 - 30.9)

2.5(2.0-3.0)

1.0(1.0 - 2.0)
32.0(28.0 - 35.0)
16.5 (15.0 - 23.5)

Comorbid diseases, yes 10 (35.7)
Pregnancy-induced hypertensive diseases 5(17.6)
Cardiac diseases 1(3.6)
Diabetes mellitus 3(10.7)
Substance abuse 1(3.6)

Trimester, n
18 trimester 0(0.0)
2" trimester 6 (21.4)
31 trimester 22 (78.6)

Birth, n
None 3(10.7)
Vaginal 3(10.7)
Cesarean section 22 (78.6)

Anesthesiat, n
General anesthesia 11 (50.0)
Regional anesthesia 11 (50.0)

Survival (n=13) Mortality (n=15) p
34.0 (27.5 - 37.0) 32.0(27.0 - 35.0) 0.501
25.0 (24.4 - 27.8) 29.4(27.5-31.2) 0.019*

3.0(2.0-3.0) 2.0(2.0-3.0) 0.932

2.0(1.0-2.0) 1.0 (1.0 - 2.0) 0.744
30.0 (25.0 - 34.5) 33.0(28.0 - 36.3) 0.212
16.0 (14.5 - 20.0) 19,00 (15.0 - 25.0) 0.164

6 (46.2) 4(26.7) 0.433
3(23.1) 2(13.3) 0.599
1(7.7) 0(0.0)
2(15.4) 1(6.7)
0(0.0) 1(6.7)

0.372
0(0.0) 0(0.0)
4(30.8) 2(13.3)
9 (69.2) 13 (86.7)

0.183
3(23.1) 0(0.0)
1(7.7) 2(13.3)
9(69.2) 13 (86.7)

0.665
4(44.4) 7 (53.8)
5(55.6) 6 (46.2)

Categorical variables are presented as n (%), continuous variables are presented as median (25-75 percentiles); APACHE II: Acute Physiology and Chronic Health
Evaluation-Il, BMI: Body mass index, ICU: Intensive care unit; *p<0.05; "Number of patients who delivered only by cesarean section.

length of stay in the ICU was 10.0 (4.0 — 15.0) days,
and the median (25-75 percentiles) number of days
spent on the mechanical ventilator was 4.0 (1.0 — 10.8)
days.

A massive pulmonary embolism developed in a
patient on the 6™ day in the ICU despite thrombolytic
therapy; then, she died in the ICU on the same day.

Outcomes of patients discharged from the ICU during
pregnancy

We were able to discharge three patients to the
obstetrics ward with an ongoing pregnancy. One of
these patients gave birth by cesarean section under
epidural anesthesia six weeks after discharge, and
the other delivered vaginally eight weeks later. The
records of the last patient could not be accessed
because she did not give birth in our hospital.

Maternal mortality

The mortality rate of obstetric patients admitted to the
ICU due to COVID-19 disease was found to be 53.57%
(15/28). The all-over mortality rate of the hospitalized
obstetric patients with COVID-19 disease was found to
be 4.92% (16/325).

Factors that influence maternal mortality

The body mass index (BMI) was significantly higher in
patients who died than survived patients (p=0.019).
Cesarean section was performed in 22 of our cases,
and general anesthesia was applied at a rate of 50%.
The reasons for preferring general anesthesia were
low platelets, cardiac causes, severe respiratory

distress, and one case previously intubated in the ICU.
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Table 2. Laboratory parameters at initial admission to the ICU

Hemoglobin, g/dL

White Blood Cell, mcl
Neutrophil count, x10%/mL
Lymphocyte count, x10%/mL
Platelet, mcl

Aspartate Aminotransferase, U/L
Alanine Aminotransferase, U/L
Blood Urea Nitrogen, mg/dL
Creatinine, mg/dL

C-Reactive Protein, mg/L
Fibrinogen, mg/dL

D-dimer, mg/mL

Ferritin, ng/mL

Lactate Dehydrogenase, U/L

Total (n=28)
10.8(9.4-11.8)
12.9(8.2-15.3)
11.4(7.3-13.8)

0.8(0.6-1.2)

288.0 (161.5- 328.0)
41.5(28.5- 55.5)
24.5(16.0 - 41.5)
7.0 (4.0-12.0)
0.5(0.5-0.6)
107.5(63.0 - 143.3)
515.5(399.0 - 661.0)
3.8(1.7-7.2)
240.9 (117.5-451.1)
486.5(362.5- 806.3)

Albumin, g/L 27.4(24.7-29.2)
N/L ratio 13.7(9.0-16.2)
P/L ratio 356.7 (215.7 - 458.4)
CRP/Alb ratio 3.9(2.5-5.5)

Survival (n=13) Mortality(n=15) p
10.5(9.25-12.1) 10.9(9.5-11.7) 0.955
14.6 (7.8 - 15.6) 12.2(9.2-13.7) 0.555
12.2(7.0-14.2) 11.2(8.1-12.5) 0.467
0.8(0.4-1.2) 0.8(0.7-1.2) 0.609
302.0 (151.5-343.0) 274.0 (161.0- 321.0) 0.856
41.0 (30.5-71.5) 42.0 (26.0 - 56.0) 0.901
25.0 (15.0- 43.0) 21.0(16.0 - 43.0) 0.593
6.9 (3.5-11.1) 9.0 (5.2-14.3) 0.187
0.5(0.5-0.6) 0.6 (0.5-0.7) 0.066
65.7 (25.1-92.9) 141.0(110.0 - 169.0) <0.001*
544.0 (386.5- 656.0) 514.0 (388.0 - 684.0) 0.937
2.2(0.7-4.8) 4.1(2.6-8.9) 0.013*
191.8 (102.9 - 411.5) 261.4 (160.8 - 458.0) 0.316
381.0 (282.5- 468.0) 702.0 (490.0 - 819.0) 0.006*
27.8(25.0-29.0) 27.0 (24.4-29.4) 0.726
13.8(8.4-18.9) 13.7(9.1-14.9) 0.683
379.3(204.0-729.9) 335.6 (220.5-442.4) 0.856
2.4(1.0-3.4) 5.3(4.1-6.9) <0.001*

The results are presented as median (25-75 percentiles). CRP/Alb: C-Reactive Protein/Albumin, ICU: Intensive care unit, N/L: Neutrophil/lymphocyte, P/L: Platelet/

lymphocyte.

Among these, CRP (p<0.001), D-dimer (p=0.013),
LDH (p=0.006), and CRP/AIb ratio (p<0.001) were
found to be significantly higher in the mortality cohort
than survival cohort. After then, BMI, D-dimer, LDH,
and CRP/AIb ratio were included in further logistic
regression analysis. The CRP was excluded from the
final analysis due to the CRP/Alb ratio co-linearity.
The model’s fithess was verified with the Hosmer-
Lemeshow test. The final model explained 79.8%
(Nagelkerke R?) of the variance in maternal death and
correctly classified 85.7% of the cases (sensitivity:
86.7%, specificity: 84.6%). Accordingly, CRP/Alb ratio
was found as the most significant predictor of COVID-19
maternal death in ICU (OR, [95% CI]: 6.924, [1.174 —
40.841]; p=0.033) (Table 3). Finally, the discriminative
power for COVID-19 maternal death in ICU of CRP/Alb
ratio was evaluated using ROC analysis (Figure 2). The
AUC [95% CI] for prediction of mortality for CRP/Alb
ratio was found to be 0.913 [0.811 — 1.000]; p<0.001.
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Table 3. Logistic regression analysis of risk factors in died patients

OR, [95% CI] Wald p
BMI 1.000,[0.718 - 1.393] 0.000 0.999
Lactate Dehydrogenase 1.003,[0.998 - 1.008] 1.301 0.254
D-dimer 1.762,[0.732 - 4.238] 1.598 0.206
CRP/ Alb ratio 6.924,[1.174 - 40.841] 4.567 0.033*
BMI: Body mass index, CRP/Alb: C-Reactive Protein/Albumin.

The cut-off value for predicting maternal mortality of
CRP/Alb ratio was calculated as 3.99 with a sensitivity
of 80.0% and specificity of 92.3%.

Neonatal outcomes

Two women gave birth to twins. Accordingly, a total
of 27 newborns born from 25 mothers were included
in the further analysis. The preterm delivery rate
(<37 gestational weeks) was 88.0%. Six stillbirths
occurred. The rate of the newborns having 1%t minute
APGAR scores lower than 7 was 40.7% (11/27), while
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Figure 2. ROC analysis of CRP/Albumin ratio

the rate of the newborns having 5" minute APGAR
scores lower than 7 was 33.3% (9/27). All newborns
tested negative for SARS-CoV-2 with nasopharyngeal
swabs. No congenital anomaly was observed in any
of the newborns. The mean weight of newborn babies
was 1985.96 = 1050.72 kg; additionally, 59.3% of the
newborns were girls, 40.7% were boys.

Factors that influence neonatal outcomes

Factors that influence neonatal outcomes were
evaluated with correlation analysis (Table 4).
Accordingly, low neonatal birth weight was moderately
correlated with 1%t minute APGAR scores lower than
7 (r=-0.643; p=0.000) and strongly correlated with
5" minute APGAR scores lower than 7 (r=-0.589;
p=0.002). Furthermore, being in the second trimester
and early gestational weeks were strongly correlated
with 18t and 5" minute APGAR scores lower than 7
(Table 4).

Discussion

This report presented the outcomes of obstetric
patients with confirmed COVID-19 disease admitted
to the hospital. Additionally, the 28 obstetric patients
requiring ICU follow-up and the newborns of these
patients were evaluated furtherly. We found the
mortality rate of obstetric patients due to COVID-19
disease in ICU as 53.57%. The cesarean section
rate in severely ill obstetric patients was 78.57%. The
BMI, CRP, D-dimer, LDH, and CRP/Alb ratio were
significantly high in the mortality cohort. Among these
parameters, the CRP/Alb ratio was found to be the
most significant predictor of maternal death related

Table 4. The correlation of 1¢tand 5" minute APGAR scores with neonatal and maternal factors.

APGAR 1st minute <7 APGAR 5th minute <7
rs p rs p

Neonatal factors

Weight, kg -0.643 0.000% -0.589 0.002*
Trimester, 3" -0.575 0.002* -0.674 0.000%*
Gestational weeks, weeks -0.612 0.001* -0.557 0.003*
Maternal factors

Age, years 0.088 0.664 0.015 0.940
BMI, kg/m? -0.111 0.580 -0.091 0.652
Gravidity, n -0.122 0.545 0.037 0.854
Parity, n -0.047 0.817 0.113 0.573
Comorbidity, yes 0.213 0.286 0.167 0.406
Perinatal complication, yes -0.053 0.792 0.167 0.406
APACHE-II, score -0.024 0.904 -0.167 0.405
Death, yes -0.080 0.693 -0.053 0.792

APACHE-II: Acute Physiology and Chronic Health Evaluation-Il, BMI: Body mass index.
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to COVID-19 disease in the ICU. The cut-off value for
predicting maternal mortality of CRP/Alb ratio was
calculated as 3.99 with a sensitivity of 80.0% and
specificity of 92.3%.

Although it is well documented that infectious
diseases can cause varying degrees of both maternal
and neonatal complications in the pregnant patient
group, it was a matter of curiosity to what extent and
how COVID-19 would affect pregnant women at the
onset of the pandemic. The presented data in the later
pandemic stages have shown that the mortality rate
due to infection varied in a wide range between 0.3-
12.7% in obstetric patients with positive SARS CoV-2
PCR test (8-15). However, the indications for admission
to the ICU and the inclusion criteria of the patients in
these reports varied widely, which could explain the
high variability in mortality rates. While the mortality
rate decreased with the inclusion of asymptomatic or
patients with mild symptoms in the analysis, this rate
increased when only the patients admitted to the ICU
were evaluated. Accordingly, the results of our study
indicated the mortality rate of test-positive pregnant
women ranged from 4.92% to 53.57%.

Andrikopoulou et al. (16) reported in their study
that one in five of the COVID-19 obstetric patients
developed moderate or severe symptoms, while
ten patients required respiratory support without
intubation. Additionally, they stated the only patient
was intubated for general anesthesia for cesarean
section (16). Also, a previous report suggested that
67.2% of patients undergoing cesarean section were
asymptomatic, and 14% had pneumonia (17). In our
study, the rate of asymptomatic patients at the time
of admission to the hospital was 10.7%, and severe
disease requiring ICU was 8.61%, while the remaining
had mild to moderate disease. All pregnant women
with moderate disease followed up in the COVID-19
Obstetrics ward received respiratory support with a
nasal cannula or nonrebreather mask. Patients who
needed high flow oxygen or mechanical ventilatory
respiratory support in addition to the previously
mentioned ICU-admission criteria were followed up
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in the ICU. 78.57% of our patients were intubated in
the ICU. Akinosoglou et al. (18) studied 60 pregnant
women who presented to the emergency department
with COVID-19 and reported that none of the patients
survived the pregnancy and 6.6% required invasive
mechanical ventilation.

Although no vertical transmission of SARS CoV-2 has
been reported in any of the studies conducted until
April 2020, the possibility of a vertically-transmitted
illness started to be mentioned in the reports up to
August 2020 (19,20). Significantly; the third trimester
has been emphasized as the most unprotected
period for infection (19). Oncel et al. (12) stated that
COVID-19 was a risk for maternal death, vertical
transmission, and neonatal disease. Additionally, the
authors reported 3.3% (4/120) of newborns had tested
positive for SARS CoV-2 (12). However, none of the
newborns delivered from any of the COVID-19 positive
mothers had positive PCR results in our study. It was
postulated in a study that symptomatic parturients
with COVID-19 were at increased risk of preterm birth,
cesarean section, and peripartum ICU admission (21).
In this report, the preterm delivery rate of parturients
with severe disease was 88.0% (22 of the 25 patients),
and six were stillbirths. While 40.7% (11/27) newborns
had low 1%t minute APGAR scores, 33.3% (9/27) had
low 5" minute APGAR scores.

Takemoto et al. (13) indicated that 48.4% of fatal
cases had at least one comorbidity and suggested
postpartum  ARDS, obesity, diabetes, and
cardiovascular disease were the main risk factors
for COVID-19-related maternal deaths. Also, they
asserted that white ethnicity provided a protective
effect (13). Additionally, Hazari et al. (10) pointed out
that half of their pregnant COVID-19 ICU patients had
BMI higher than 30 kg/m2. Moreover, Chu et al. (22)
concluded in their meta-analysis that obesity was
strongly associated with poor outcomes of COVID-19,
including increased ICU admissions, mechanical
ventilation support, and disease progression. Similarly,
the BMI was significantly higher in dead patients than
the survived patients in our study.
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Many clinical parameters and laboratory tests have
been evaluated in the general population to predict
the progression to severe COVID-19 disease. Ganesan
et al. (23) showed Charlson comorbidity index,
sequential organ failure assessment score, D-dimer,
LDH, and N/L ratio were independently associated with
mortality in COVID-19 patients admitted to the ICU.
Ozer et al. (24) reported hypertension, malignancy
(solid and hematological), neurological disease, age,
APACHE-II and SOFA scores, and N/L ratio as factors
affecting mortality in patients with COVID-19 in ICU.
Subsequently, Li Y et al. (25) reported a higher N/L
ratio, P/L ratio, CRP/Alb ratio, and systemic immune-
inflammation index in those with progressive disease
than those with stable disease. Moreover, they
demonstrated a CRP/Alb ratio greater than 1.843
was closely associated with higher hospital mortality
rates, ICU admission, invasive mechanical ventilation,
and longer hospital stays. In our study, the CRP/Alb
ratio was found as the most significant predictor of
COVID-19 maternal death in the ICU. The cut-off value
of the CRP/Alb ratio was calculated as 3.99 with a
sensitivity of 80.0% and specificity of 92.3%.

Pregnant patients tend to have difficult airways due to
increased oropharyngeal edema; thus, preparations
should be made accordingly. We observed difficult
mask ventilation in a case with a BMI of 49.2 kg/m?
and both difficult mask ventilation and intubation in the
ward. Mask ventilation of those patients was possible
with two practitioners. The case was intubated with
gum elastic bougie in the third attempt. Even though
all the team members helping the management of
the intubation case wore Level-3 personal protective
equipment, the disease was transmitted to seven of
the nine staff.

During the worldwide spread of the COVID-19, regional
anesthesia techniques are encouraged over aerosol-
generating procedures (26). Moreover, the benefits of
regional anesthesia in the cesarean section are well-
known. However, the risk and benefit balance should
be tailored for the patients individually. In a previous

study on COVID-19 positive patients delivering by
cesarean section, the general anesthesiarate was 4.9%
(17). Nevertheless, in this report handling the obstetric
COVID-19 ICU patients, the general anesthesia rate
in patients undergoing cesarean section was found
to be 50%, while the overall general anesthesia
rate for cesarean section in COVID-19 patients was
14.06%. The choice of anesthesia technique may
vary depending on viral contamination, the clinical
condition of the patient, and the clinical experience
and expertise of the anesthesiologist.

Dashraath et al. (27) suggested that pregnant
women with COVID-19 infection are at a higher risk of
thromboembolic disorders during the third trimester.
After then, Goudarzi et al. (28) published a case
report of maternal death due to pulmonary embolism
during COVID-19 infection. In one case of our report,
despite receiving antithrombotic therapy, a massive
pulmonary embolism developed on the 6" day of her
admission to the ICU; then, she died on the same day.

Vaccination rates among pregnant women vary by
region. The vaccination rate among pregnant women
was low in our country when vaccination was first
started. But, the vaccination rate in pregnant women
began to increase as the pandemic spread. Only one
of our patients presented in this report had received the
COVID-19 vaccine. After two days of high flow oxygen
treatment, this vaccinated patient was discharged
from the ICU. Pecks et al. (29) reported that vaccinated
pregnant women required less hospitalization for
COVID-19 than unvaccinated women.

The strength of this study was the relatively large
sample size enough to comment on the overall
COVID-19-related maternal morbidity and mortality.
Additionally, the presented extreme cases set up
examples of the challenging situations that may be
encountered in pregnant women with COVID-19.
On the other hand, its retrospective nature was a
weakness of the study. The small sample size of the
ICU patients included in the further evaluation might
fail to demonstrate modest differences.
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In conclusion, this study found the overall COVID-19-
related maternal mortality rate as 4.92%, but this rate
rose to 53.57% among patients requiring ICU care.
The BMI, CRP, D-dimer, LDH, and CRP/Alb ratio were
the independent predictors of mortality; besides, the
CRP/Alb ratio was the strongest predictor of mortality
in severely ill obstetric patients with COVID-19.
The cesarean section and preterm delivery rates
were significantly high in severely ill mothers with
COVID-19. Additionally, the severity of the mothers’
illness negatively influenced neonatal outcomes.
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The impact of window on delirium, sedation, and sleep quality of intensive

care patients: a prospective study

Pencerenin yogun bakim hastalarinin deliryumu, sedasyonu ve uyku kalitesi

tizerindeki etkisi: prospektif bir calisma

Azime Bulut'®, Emel Bahadir Yilmaz?

"Department of Anesthesiology and Reanimation, Medipol University Bahcelievier Hospital, Istanbul, Ttirkiye
2Department of Psychiatric Nursing, Faculty of Health Sciences, Giresun University, Giresun, Tirkiye

ABSTRACT

Objective: The aim of this study was to assess the impact of window
on delirium, sedation, and sleep quality of intensive care patients.

Materials and Methods: This prospective study was conducted
with 140 patients admitted to anesthesia intensive care units from
April to September 2023. The data collection tools included the
patient information form, the Visual Analog Scale for Pain, the
Delirium Screening Scale, the RAMSAY Sedation Scale, and the
Richards-Campbell Sleep Questionnaire. Multiple linear regression
analysis was used.

Results: In the 72nd hour evaluation of the patients, the most
important predictors of nighttime delirium were determined to be
agitation (3=0.40), non-compliance with treatment (3=0.26), and
antipsychotic use (3=0.14) (p<.05). The predictors of daytime
deliium were agitation ($=0.41) and non-compliance with
treatment (3=0.26, p<.05). In the 7th day evaluation, the predictors
of nighttime delirium were determined to be non-compliance with
treatment (3=0.28), age (3=-0.26), gender (3=-0.22), and sedative
use ($=0.18) (p<.05). Predictors of daytime delirium were age (B=-
0.25) and gender (=-0.19, p<.05).

Conclusion: Having a window in the room is not a significant
predictor of deliium and sedation, but it is important for sleep
quality. Sleep quality and sedation are significant predictors of
each other. Intensive care healthcare professionals should plan and
implement psychosocial interventions to reduce the frequency of
delirium, sleep problems, and sedation use in patients.

Keywords: delirium, sleep, anesthesia, intensive care, prospective
studies

< Azime Bulut cimemazime@yahoo.com.tr

0z
Amag: Bu calismanin amaci, pencerenin yogun bakim hastalarinin

deliryumu, sedasyonu ve uyku Kkalitesi Uzerindeki etkisini
degerlendirmektir.

Gereg ve Yontem: Bu prospektif calisma, Nisan-Eylul 2023 tarihleri
arasinda anestezi yogun bakim Unitelerine yatirilan 140 hasta ile
yurutilmustar. Veri toplama araclari arasinda hasta bilgi formu,
Agn icin Gérsel Analog Skala, Deliryum Tarama Skalasi, RAMSAY
Sedasyon Skalas! ve Richards-Campbell Uyku Anketi yer almistir.
Coklu dogrusal regresyon analizi kullaniimistir.

Bulgular: Hastalarin 72. saatte yapilan degerlendirmesinde,
gece ortaya cikan deliryumun en 6nemli yordayicilar ajitasyon
(B=0,40), tedaviye uyumsuzluk (=0,26) ve antipsikotik kullanimi
(B= 0,14) olarak belirlenmistir (p<,05). Gundiiz gérulen deliryumun
yordayicilari ise ajitasyon (3=0,41) ve tedaviye uyumsuzluktur
(B=0,26, p<,05). Yedinci gun yapilan degerlendirmede, gece
deliryumunun yordayicilan tedaviye uyumsuzluk ($=0,28), yas
(B= -0,26), cinsiyet (3=-0,22) ve sedatif kullanimi (3=0,18) olarak
saptanmistir (p<,05). Gundiz goérulen deliryumunun yordayicilari
ise yas (3=-0,25) ve cinsiyettir (3=-0,19, p<,05).

Sonug: Odada pencere olmasi deliryum ve sedasyonun énemli bir
yordayicisi degildir, ancak uyku kalitesi icin dnemlidir. Uyku kalitesi
ve sedasyon birbirlerinin nemli yordayicilaridir. Yogun bakim saglik
profesyonelleri, hastalarda deliryum, uyku sorunlari ve sedasyon
kullaniminin  sikh@ini - azaltmak icin psikososyal mudahaleler
planlamali ve uygulamalidir.

Anahtar kelimeler: deliryum, uyku, anestezi, yogun bakim,
prospektif calismalar
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Introduction

Delirium is one of the most common clinical conditions
in intensive care units and can impair brain function
(1). The pathogenesis of delirium is associated with
neuro inflammation, abnormal stress responses,
neurotransmitter imbalances, and changes in neural
networks. Delirium in the intensive care unit is also
linked to cognitive problems, such as memory loss,
difficulty in concentration, and reduced awareness (2).
The prevalence of delirium in coronary and internal
medicine intensive care patients is 15%, but it can rise
to 50% in internal medicine intensive care units (3). In
one study, the incidence of delirium was 32%, with the
frequency of the hypoactive subtype reaching 42% (4).
Similarly, in another study, delirium was reported in
31% of patients, with the frequency of the hypoactive
subtype reaching 56% (5). Another study reported a
delirium incidence of 32%, with disease severity being
the most significant predictor (6).

It has also been reported that delirium increases
mortality and morbidity rates in intensive care patients
and prolongs hospital stays (1,6). Furthermore, it has
been noted that the frequency of occurrence varies
based on personal characteristics, such as age
and gender, but the use of physical restraints is the
strongest predictor (7). In another study, variables
such as age and gender did not predict delirium,
but mechanical ventilation, benzodiazepine use, and
certain physiological variables significantly predicted
delirium (5). Long stays in the intensive care unit,
frequent use of physical restraints, increased use
of fentanyl, and poor sleep quality are described as
important risk factors (8,9).

Delirium is often accompanied by pain and agitation
in intensive care patients. It has been suggested
that the drugs used to treat these symptoms, such
as steroids, sedatives, anticholinergics, and opioids,
are precipitating factors for delirium (10). Sleep
disturbances are also among the risk factors. They
are associated with delirium, but factors such as pain,
discomfort, anxiety/fear, noise, and light are said to
contribute to sleep problems (11). Sleep disturbances

may be associated with emotional stress and cognitive
problems, such as delirium, or with mechanical
ventilation (12).

To reduce agitation resulting from delirium and
mechanical ventilation in intensive care, minimal
sedation is recommended. The goal of minimal
sedation is to keep patients easily arousable,
comfortable, and experiencing low levels of pain when
deep sedation is not necessary (13). However, some
studies suggest that the use of sedation increases
delirium rates and can even be an accelerating factor
(1,14). Medications such as midazolam, propofol,
dexmedetomidine, and fentanyl are used for sedation.
Benzodiazepines, such as midazolam and fentanyl, are
more strongly associated with delirium (15). Therefore,
reducing sedative use, organizing the intensive care
environment, and implementing psychosocial nursing
interventions are essential.

In intensive care environments, environmental
conditions affecting vision, hearing, and perception
are crucial, and poor environmental conditions that
disrupt these functions are known to accelerate
delirium (14). Windows that provide daylight and views
of the outside have been shown to positively impact
individuals’ well-being (16). Ensuring that people can
see objects and activities is the primary purpose
of daylight and also facilitates the performance of
daily life activities. Moreover, it contributes to well-
being through physiological relaxation, enhances
attention, improves mood, and increases satisfaction
(17). Sleeping in a room with windows also increases
patient satisfaction and shortens hospital stays (18).
Cumulative delirium incidence in intensive care
patients with windows in their rooms is lower than in
those without windows (19).

The potential effect of windows on delirium and sleep
quality could also be related to the circadian rhythm.
The circadian rhythm is an internal biological clock that
regulates various physiological processes, including
the secretion of melatonin and cortisol, hormones
essential for sleep regulation and stress response.
Disturbances in this rhythm, such as altered melatonin
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and cortisol secretion patterns, have been associated
with the development of delirium, especially in
ICU patients (20). Sleep deprivation and circadian
disruption can impair immune function, cognition,
and increase mortality risk, all of which contribute to
delirium onset (21). Exposure to natural light through
windows plays a significant role in synchronizing the
circadian rhythm by influencing melatonin secretion
and promoting a normal sleep-wake cycle. Patients
in rooms with windows receive more direct sunlight,
which can help regulate their circadian rhythm and
potentially reduce delirium risk by improving sleep
quality and cognitive function (22).

The aim of this study was to assess the impact of
window on delirium, sedation, and sleep quality of
intensive care patients.

The main research questions are as follows:

1. Is there a difference in the average scores of the
nighttime and daytime delirium screening scales
between patients in rooms with windows and those
without windows?

2. Is there a difference in the average scores of the
RAMSAY sedation scale between patients in rooms
with windows and those without windows?

3. Is there a difference in the average scores of the
Richards—Campbell sleep questionnaire between
patients in rooms with windows and those without
windows?

4. What are the predictors of delirium, sedation, and
sleep quality?

Materials and Methods

Study design

This research is a prospective study. This study
was reported according to The Strengthening the
Reporting of Observational Studies in Epidemiology
(STROBE) Statement: guidelines for reporting
observational studies.

Turk J Intensive Care 2025;23(4):268-282

Setting and sample

This study was conducted with patients hospitalized
in Anesthesia Intensive Care | and Il units at Giresun
University Training and Research Hospital from April to
September 2023. There are 12 beds in the Anesthesia
Intensive Care | unit and 12 beds in the Anesthesia
Intensive Care Il unit. Fifteen of these beds are in
rooms with windows and nine are in rooms without
windows. A total of 42 certified intensive care nurses
and 8 anesthesia and reanimation doctors work in
both intensive care units.

The number of samples calculated with anticipated
effect size (f2): 0.15, desired statistical power level:
0.8, number of predictors: 12, and probability level:
0.05 is 127 patients (https:/www.danielsoper.com/
statcalc/calculator.aspx?id=1). One hundred forty
patients who met the inclusion criteria between the
specified dates were included in the sample. In the
post hoc analysis conducted with G*Power 3.1.9.7,
taking into account the RSS averages, the effect size
was determined as 0.9793 with power (1 - 3)=81.0%
margin of error. In Post-hoc Statistical Power Calculator
for Multiple Regression, observed statistical power
calculated with number of predictors: 12, Observed
R2: 0.25, probability level: 0.05 and sample size: 140
is 0.9984 (https://www.danielsoper.com/statcalc/
calculator.aspx?id=9). Patients were divided into two
groups: those who hospitalized in rooms with and
without windows.

The inclusion criteria for the study were agreeing to
participate in the study, length of stay in intensive care
unit =24 hours, and being =18 years old. Exclusion
criteria from the study included patients who were
diagnosed with delirium upon admission,
unconscious, had a mental and cognitive problem,
and had serious hearing and vision problems.

were

Ethical consideration

This study was approved by the Institutional Review
Board of a state university (Approval Date: 21.03.2023,
Approval Number: KAEK-40/7). The principles of the
Declaration of Helsinki were taken into consideration
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in conducting the research. After the purpose of the
research was explained, verbal and written consents
were obtained from all the patients.

Instruments

The data collection tools
information form, the Visual Analog Scale for Pain
(VAS), the Delirium Screening Scale (DSS), the
RAMSAY Sedation Scale (RSS), and the Richards—
Campbell Sleep Questionnaire (RCSQ).

included the patient

The Patient Information Form was prepared by
the researchers. It consists of questions such as
whether there is a window in the patient’s room,
the day of admission, age, gender, education level,
marital status, pulse, blood pressure, respiration and
oxygen saturation, whether there is agitation and
pain, the severity of the pain, whether sedative and
antipsychotic medication is given.

The VAS is a unidimensional scale used to record
patients’ pain progression or assess pain severity. It is
scored from 0 (no pain) to 10 (very severe pain) (23).

The DSS was developed by Gaudreau et al. (24).
The validity and reliability of the scale in Turkish was
conducted by Karatas and Baglama (25). The DSS
is a five-item instrument consisting of disorientation,
inappropriate behavior, inappropriate communication,
illusions/hallucinations, and psychomotor retardation.
Cronbach’s a internal consistency coefficient was
calculated as 0.74. In this study, the 72nd Hour was
calculated as night DSS .67 and daytime DSS .64,
and the 7th Day was calculated as night DSS .75 and
daytime DSS .75.

The RSS was developed by Ramsay (26). Turkish
reliability and validity were evaluated by Esen et al.
made by (27). The scale includes a total of six items,
the first three items indicating the level of alertness
and the three items indicating the level of sleep.
Answers are scored from 1 to 6. An increase in the
score obtained from the scale indicates an increase in
the level of sedation.

The RCSQ was developed by Richards et al. (28).
Turkish reliability and validity were conducted by Ozl
and Ozer (29). A minimum of 0 and a maximum of 100
points can be obtained from the scale. An increase
in the score obtained from the scale indicates that
sleep quality increases. The Cronbach’s a internal
consistency number of the scale is .91. In this study,
it was found to be .97 at the 72nd hour and .97 at the
7th day.

Procedure

The data were collected face to face in the intensive
care unit by the primary investigator, who is an
anesthesia and reanimation physician from April to
September 2023. Evaluations were made at the 72nd
hour and on the 7th day, which is the time period
when delirium is most common according to sources.
Patients were evaluated twice, between 08:00-10:00 in
the morning and 20:00-22:00 at night. Physiological
findings were evaluated between 08:00 and 10:00 in
the morning. Additionally, the 28-day mortality status
of the patients was evaluated. The forms were filled
in approximately 20 minutes by observation. Both
daytime and nighttime assessment for delirium was
performed.

Data analysis

The data were analyzed using the SPSS (Statistical
Package for Social Sciences) for Windows 25.0
program. Number, percentage, mean and standard
deviation values are given in the presentation of
demographic data, physiological findings and scale
score averages. In comparing the demographic data,
physiological findings and scale averages of patients
who were and were not hospitalized in a windowed
room, Chi-square analysis was used for categorical
variables and independent sample t-test was used
for numerical and continuous variables. According to
Skewness and Curtosis values, it was determined that
the data showed normal distribution. With Multiple
Linear Regression analysis, early and late term
predictors of day and night delirium, sedation and
sleep levels were tried to be determined in patients
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sleeping and not sleeping in a windowed room.
The evaluation for the early period was made at the
72nd hour, and the evaluation for the late period
was made on the 7th day. In each model, Adjusted
R? values were examined to determine how much of
the variance the independent variables explained. The
28-day mortality status of all patients included in the
study was examined. Independent samples t test was
used to compare physiological findings and scale
score averages according to 28-day mortality status.
Statistical significance level was accepted as p<.05.

Table 1. Comparison of patients’ demographics
Patients treated in a room with

Variable window (n=87)

Age (M1SD) 64418.03
n (%)

Sex

Female 27 (31.0)

Male 60 (69.0)

Marital status

Single 17 (19.5)

Married 70 (80.5)

Smoking

Yes 35(40.2)

No 52 (59.8)

Alcohol

Yes 14 (16.1)

No 73 (83.9)

Hypertension

Yes 32 (36.8)

No 55(63.2)

Diabetes mellitus

Yes 12 (13.8)

No 75 (86.2)

COPD

Yes 17 (19.5)

No 70 (80.5)

Cardiac disease

Yes 18(20.7)

No 69 (79.3)
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Results

The demographic characteristics of intensive care
patients who stayed in rooms with windows and
of those who stayed in rooms without windows are
compared and presented in Table 1. There were no
significant differences in demographic features—
age, gender, marital status, smoking, alcohol use,
hypertension, diabetes mellitus, chronic obstructive
pulmonary disease (COPD), and heart disease—
between the two groups (p>.05).

Patients treated in a room without

window (n=52) Test value p value
65.40¢17.73 0.44 656
n (%)
21 (40.4) 195 262
31(59.6
9(17.3) 0.10 44
43 (82.7)
23 (44.2) 0.21 643
29 (55.8)
9(17.3) 0.03 852
43(82.7)
24 (46.2) 1.18 276
28(53.8
8 (15.4) 0.06 796
44 (84.6)
16 (30.8) 226 132
36 (69.2
11(21.2) 0.00 .948
41(78.8)
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Table 2. Comparison of patients’ clinical findings (72" hour)
Clinical Properties Patient treated in a room with  Patient treated in a room without Testvalue p value
window (n=87) window (n=52)
M1SD M+SD
Pulse 89.32118.58 84.88115.88 1.43 .153
Systolic blood pressure 130.69119.34 126.40119.48 1.26 210
Diastolic blood pressure 72.13411.36 70.44111.70 0.83 405
Respiratory rate 22.39+6.04 21.94+5.06 0.44 .654
0Oxygen saturation (Sp02) 95.6112.41 95.38+2.91 0.49 .625
Visual Analoq Scale 21.57+23.31 14.02+20.53 1.93 .056
Ramsay Sedation Scale 1.8610.57 1.8110.44 0.58 .559
Delirium Screening Scale (nighttime) 7.2611.11 7.6310.74 2.12 .035
Delirium Screening Scale (daytime) 7.3141.05 7.6310.74 1.93 .055
Richards-Campbell Sleep Questionnaire 235.224107.59 221.344108.46 0.73 464
n (%) n (%)
Ventilatory support
No 7(8.0) 5(9.6) 5.05 .282
Mask 51 (58.6) 38(73.1)
NIMV 27 (31.0) 8 (15.4)
HFNC 1(1.1) 1(1.9)
Tracheostomized patient with easy- 1(1.1) 0(0.0)
breathe
Agitation
Yes 23 (26.4) 11(21.2) 0.49 483
No 64 (73.6) 41 (78.8)
Non-compliance with treatment
Yes 23 (26.4) 9(17.3) 1.53 216
No 64 (73.6) 43 (82.7)
Pain
Yes 45 (52.3) 19 (36.5) 3.24 072
No 41 (47.7) 33 (63.5)
Sedative
Yes 13 (14.9) 4(7.7) 1.84 398
No 74 (85.1) 48 (92.3)
Antipsychotic
Yes 12 (13.8) 2(3.8) 3.55 .081
No 75 (86.2) 50 (96.2)

The initial assessment of intensive care patients who
stayed in rooms with windows versus those who stayed
in rooms without windows was conducted at 72h
(Table 2). There were no significant differences in the
average values of pulse rate, systolic blood pressure
(SBP), diastolic blood pressure (DBP), respiratory
rate, oxygen saturation (SPO,), and VAS, RSS, and

RCSQ scores between the two groups (p>.05). While
there were no statistically significant differences in the
average scores of the daytime delirium observation
scale (DSS) (p>.05), a significant difference was
observed in the average scores of nighttime DSS
(p=.035). There were no statistically significant
differences between patients staying in rooms with

Turk J Intensive Care 2025;23(4):268-282
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Table 3. Comparison of clinical findings in patients based on 28-day mortality rates

72" Hour (n=140)

Values Excitus
M%SD
Pulse 92.19£22.45
Systolic Blood Pressure 120.86421.53
Diastolic Blood Pressure 66.62111.33
Respiratory rate 24.81+6.45
Oxygen saturation 94.67+3.56
Visual Analog Scale 17.24126.04
Ramsay Sedation Scale 2.10£0.76
Delirium Screening Scale (nighttime) 7.2340.99
Delirium Screening Scale (daytime) 7.28+0.90

Richards-Campbell Sleep Questionnaire 249.76+119.26
windows and those without windows in terms of
respiratory support, agitation, non-compliance with
treatment, pain status, and the use of sedatives and
antipsychotics (p>.05).

When patients’ findings were compared according
to their 28-day mortality status (Table 3), at the 72-h
assessment, patients who subsequently expired
had lower measurements of SBP (120.86+21.53)
and DBP (66.62+11.33) compared to the surviving
patients (130.56+18.68 and 72.44+11.31) (p<.05). The
respiratory rate (24.81+£6.45) and RSS score averages
(2.10=0.76) of patients who later expired were
higher than those of surviving patients (21.82+5.45
and 1.80=0.46) (p<.05). At the day-7 assessment
(Table 3), surviving patients had higher values of SBP
(130.26+=18.03) and DBP (72.49+9.57) compared to
those who expired (118.59+25.52 and 65.23+14.39)
(p<.05). The nighttime delirium observation scale
(DSS) (7.39+1.09) and daytime DSS (7.41+1.08)
averages of surviving patients were higher than those
of patients who ultimately expired (6.30+1.37 and
6.38+1.32) (p<.05).

Early predictors were evaluated at 72 h (Table 4), and
the most significant variables were included in the
model. The most important predictors of nighttime
delirium were agitation (8=0.40), non-compliance with

Turk J Intensive Care 2025;23(4):268-282

225.75¢105.60  .348

7" Day (n=104)

Survived p Excitus Survived p
M+SD M%SD M+SD
86.95116.65 21 90.58124.61 83.58114.42 154
130.56+18.68  .034  118.59+25.52 130.26+18.03  .043
72.44111.31 .032 65.23114.39 72.4919.57 .019
21.8245.45 .026 24.0846.76 21.3844.37 .057
95.65$2.39 113 94.0042.48 95.42+3.90 207
18.92121.90 .753 9.62118.08 14.35¢17.48 .365
1.8040.46 .017 2.00£0.71 1.8110.47 213
7.4311.00 404 6.30£1.37 7.3911.09 .002
7.4610.97 440 6.3811.32 7.4111.08 .002

231.15¢108.30  227.33+110.12  .907
treatment (3=0.26), and antipsychotic use (3=0.14,
p<.05). This model explained 50.1% of the variance
in nighttime delirium (p<.001). The most important
predictors of daytime delirium were agitation (3=0.41)
and non-compliance with treatment (3=0.26, p<.05).
This model explained 45.5% of the variance in daytime
delirium (p<.001). The most important predictors of
sleep quality were daytime DSS (3=0.76), the presence
of pain (3=0.38), and agitation (3=0.35, p<.05). For
RCSQ, the model explained 22.7% of the variance
(p<.001). The most important predictors of sedation
level were agitation (3=0.56), non-compliance with
treatment (3=0.19), age (8=0.14), and antipsychotic
use (B=-0.16, p<.05). This model explained 55.9% of
the variance for RSS (p<.001).

The evaluation of late predictors was performed on
day 7 (Table 5). The most important predictors of
nighttime delirium on day 7 were non-compliance
with treatment (3=0.28), age (B=-0.26), gender (B=-
0.22), and sedative use (3=0.18, p<.05). This model
explained 35.0% of the variance in nighttime delirium
on day 7 (p<.001). The most important predictors
of daytime delirium were age (=-0.25) and gender
(3=-0.19, p<.05). This model explained 28.3% of the
variance in daytime delirium on day 7 (p<.001). The
most important predictors of sleep quality on day 7
were RSS (3=0.38), pain (3=0.30), and staying in a
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Table 4. Early predictors of delirium, sleep, and sedation levels (n=140)

Variable B S.E.
Nighttime Delirium Screening Scale (R?=0.545, Adjusted R?=0.501, F=12.46, p<.001)
Window 0.233 0.131
Sex -0.037 0.137
Age -0.003 0.004
Agitation 0.961 0.265
Non-compliance with treatment 0.620 0.219
Pain 0.102 0.220
Visual Analog Scale 0.005 0.005
Sedative 0.047 0.204
Antipsychotic 0.488 0.225
Ramsay Sedation Scale 0.051 0.182
Richards-Campbell Sleep Questionnaire 0.000 0.001
Daytime Delirium Screening Scale (R?=0.502, Adjusted R?=0.455, F=10.51, p<.001)
Window 0.214 0.131
Sex -0.019 0.138
Age -0.002 0.004
Agitation 0.934 0.266
Non-compliance with treatment 0.601 0.219
Pain 0.021 0.221
Visual Analog Scale 0.005 0.005
Sedative -0.020 0.204
Antipsychotic 0.402 0.225
Ramsay Sedation Scale -0.024 0.182
Richards—-Campbell Sleep Questionnaire 0.001 0.001
Richards-Campbell Sleep Questionnaire (R?=0.300, Adjusted R?=0.227, F=4.09, p<.001)
Window -22.327 17.572
Sex -17.377 18.269
Age -0.688 0.532
Agitation 89.185 36.338
Non-compliance with treatment -17.328 30.065
Pain 83.817 28.617
Visual Analog Scale 0.640 0.630
Sedative -24.377 27.258
Antipsychotic 26.336 30.612
Ramsay Sedation Scale 30.438 24.309
Nighttime Delirium Screening Scale -78.967 42.381
Daytime Delirium Screening Scale 85.667 42.196
Ramsay Sedation Scale (R?=0.601, Adjusted R?=0.559, F=14.35, p<.001)

Window -0.073 0.065
Sex 0.007 0.067
Age 0.004 0.002
Agitation 0.689 0.122
Non-compliance with treatment 0.246 0.108
Pain 0.009 0.109
Visual Analog Scale 0.003 0.002
Sedative -0.028 0.100
Antipsychotic -0.285 0.110
Nighttime Delirium Screening Scale 0.228 0.156
Daytime Delirium Screening Scale -0.224 0.156
Richards-Campbell Sleep Questionnaire 0.000 0.000

0.112

-0.018
-0.053

0.408
0.260
0.050
0.121
0.017
0.147
0.027
0.021

0.108

-0.009
-0.042

0.414
0.263
0.011
0.111

-0.007

0.126

-0.013

0.063

-0.100
-0.077
-0.114

0.353

-0.068

0.388
0.131

-0.081

0.074
0.148

-0.737

0.766

-0.067

0.006
0.140
0.562
0.198
0.009
0.140

-0.019
-0.165

0.437

-0.412

0.084

1.78

-0.27
-0.74

3.62
2.83
0.46
1.16
0.22
2.17
0.28
0.29

1.63

-0.13
-0.55

3.51
2.74
0.09
1.02

-0.09

1.78

-0.13

0.85

-1.27
-0.95
-1.29

2.45

-0.57

2.92
1.01

-0.89

0.86
1.25

-1.86

2.03

-1.12

0.10
2.12
5.66
2.27
0.08
1.43

-0.27
-2.59

1.45

-1.43

1.25

.077
.786
460
<.001
.005
.645
245
.820
.032
.780
.766

105
.890
.577
.001
.007
.925
.308
.922
.077
.896
.396

.206
.343
.198
.016
.565
.004
311
373
.391
213
.065
.044

.262
.920
.036
<.001
.025
.932
153
781
.010
.148
154
213

Turk J Intensive Care 2025;23(4):268-282



276 Bulut A and Bahadir Yilmaz E. Windows, delirium, sedation, and sleep quality

Table 5. Late predictors of delirium, sleep, and sedation levels (n=104)

Variable B S.E. B t p
Nighttime Delirium Screening Scale (R?=0.426, Adjusted R?=0.350, F=5.57, p<.001)

Window 0.176 0.218 0.071 0.80 421
Sex -0.547 0.225 -0.224 -2.43 .017
Age -0.017 0.006 -0.266 -2.65 .009
Agitation 0.324 0.376 0.122 0.86 .391
Non-compliance with treatment 0.892 0.410 0.280 2.17 .032
Pain 0.373 0.338 0.157 1.10 272
Visual Analog Scale 0.007 0.009 0.100 0.71 478
Sedative 0.619 0.294 0.187 2.10 .038
Antipsychotic 0.304 0.255 0.118 1.19 237
Ramsay Sedation Scale -0.125 0.288 -0.053 -0.43 .665
Richards—-Campbell Sleep Questionnaire 0.000 0.001 -0.022 -0.22 .822
Daytime Delirium Screening Scale (R?=0.367, Adjusted R?=0.283, F=4.35, p<.001)

Window 0.139 0.225 0.057 0.61 .538
Sex -0.478 0.233 -0.199 -2.05 .043
Age -0.016 0.007 -0.257 -2.44 .017
Agitation 0.273 0.389 0.105 0.70 .485
Non-compliance with treatment 0.749 0.423 0.240 1.77 .080
Pain 0.367 0.349 0.156 1.05 .296
Visual Analog Scale 0.007 0.010 0.109 0.74 461
Sedative 0.443 0.303 0.136 1.46 148
Antipsychotic 0.366 0.263 0.145 1.38 .168
Ramsay Sedation Scale -0.043 0.297 -0.019 -0.14 .885
Richards-Campbell Sleep Questionnaire 0.000 0.001 -0.041 -0.39 .695
Richards-Campbell Sleep Questionnaire (R?=0.349, Adjusted R?=0.254, F=3.66, p<.001)

Window -46.410 20.920 -0.205 -2.21 .029
Sex -11.274 22.995 -0.050 -0.49 .625
Age 0.279 0.651 0.048 0.42 .669
Agitation 19.077 37.022 0.079 0.51 .608
Non-compliance with treatment -17.751 41.731 -0.061 -0.42 .672
Pain 67.170 32.559 0.308 2.06 .042
Visual Analog Scale 1.287 0.919 0.209 1.40 165
Sedative -55.418 30.147 -0.183 -1.83 .069
Antipsychotic 31.480 25.104 0.134 1.25 213
Ramsay Sedation Scale 82.436 27.097 0.385 3.04 .003
Nighttime Delirium Screening Scale 37.094 49.162 0.406 0.75 453
Daytime Delirium Screening Scale -38.997 47.555 -0.420 -0.82 414
Ramsay Sedation Scale (R?=0.587, Adjusted R?=0.527, F=9.73, p<.001)

Window 0.086 0.079 0.081 1.07 .284
Sex -0.037 0.086 -0.035 -0.43 .668
Age -0.001 0.002 -0.052 -0.58 .561
Agitation 0.514 0.127 0.453 4.05 <.001
Non-compliance with treatment 0.357 0.151 0.263 2.36 .020
Pain -0.061 0.124 -0.060 -0.49 .622
Visual Analog Scale 0.005 0.003 0.164 1.38 170
Sedative 0.024 0.114 0.017 0.21 .831
Antipsychotic 0.078 0.094 0.071 0.82 410
Nighttime Delirium Screening Scale -0.252 0.182 -0.589 -1.38 169
Daytime Delirium Screening Scale 0.233 0.176 0.536 1.32 189
Richards-Campbell Sleep Questionnaire 0.001 0.000 0.244 3.04 .003
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room with a window (3=-0.20, p<.05). This model
explained 25.4% ofthe variance in RCSQ (p<.001). The
most important predictors of patients’ sedation levels
on day 7 were agitation (3=0.45), non-compliance
with treatment (3=0.26), and RCSQ (3=0.24, p<.05).
This model explained 52.7% of the variance in RSS on
day 7 (p<.001).

Discussion

This comparison of patients in intensive care units
with and without windows revealed interesting
findings. While no statistically significant differences
were observed in physiological parameters, pain
assessments, sedation, sleep quality, agitation,
treatment compliance, or the use of sedatives and
antipsychotics at the 72-h assessment, a significant
discrepancy was identified in delirium levels,
particularly in the average night delirium rating
scale (DSS) scores. Patients in windowless rooms
had higher average night DSS scores compared
to those in windowed rooms. This result aligns with
prior research indicating that patients benefit from
natural daylight in intensive care units, experiencing a
lower incidence of delirium (19). A prospective study
highlighted that patients exposed to daylight through
windows experienced less agitation and hallucinations
compared to those in dark rooms, who were thus
likelier to use antipsychotics (30). Additionally, some
studies have suggested that nighttime light levels may
be a more powerful predictor of delirium than daytime
light levels (31,32). In another study, no difference was
found in terms of delirium development between in
patients with and without a window (21). It should be
noted that conflicting findings exist in the literature,
necessitating further research in future studies,
including measuring the intensity of daylight through
the windows.

Regarding 28-day mortality, the study found that
surviving patients had higher systolic and diastolic
blood pressure (SBP and DBP) values compared to
those of patients who ultimately expired. At the 72-h
assessment, patients who eventually died had higher

respiratory rates and sedation score averages than
survivors. On day 7, survivors also had higher night
and day DSS score averages than patients who
ultimately expired. Nevertheless, no direct relationship
was observed between 28-day mortality rates and
the presence of windows in the intensive care unit.
Similarly, no significant difference in 28-day mortality
rates was noted between patients in windowed
versus windowless intensive care unit rooms (19).
However, some physiological parameters were linked
to mortality. Specifically, in one study, there was a
significant association between high mortality rates
and low SBP and DBP values in intensive care unit
patients (33). Another study found that deceased
patients in the intensive care unit had previously
had higher respiratory rates compared to surviving
patients. Additionally, this study had reported higher
pulse rates and lower SpO, levels previously among
patients who died (34). These findings suggest that
28-day mortality rates are not directly influenced
by the presence of windows, and further research
is warranted to better understand the intricate
relationship between patient outcomes and windowed
environments.

In this study, the assessment conducted at 72 h
revealed that the most significant predictors of
nighttime delirium were agitation, non-compliance with
treatment, and the use of antipsychotic medication. On
day 7, the important predictors were non-compliance
with treatment, age, gender, and sedative use. For
daytime delirium, the crucial predictors were agitation
at 72 h and non-compliance with treatment on day 7,
along with age and gender. These findings align with
recent advances in delirium prediction emphasizing
multifactorial risk models that incorporate clinical,
demographic, and treatment-related variables (35,36).
Machine learning models have further demonstrated
the value of integrating physiological and clinical data
for early delirium detection, supporting the importance
of continuous monitoring of agitation and medication
effects (35). The identification of non-compliance as
a consistent predictor suggests that interventions to
improve patient engagement and adherence could be
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pivotal in delirium prevention strategies. Overall, this
study reinforces the need for dynamic, time-sensitive
assessment protocols in the ICU that address
modifiable factors such as agitation and medication
use while considering patient-specific characteristics
to reduce delirium incidence and improve outcomes.

Regarding the use of antipsychotic medication, this
study showed that as the average delirium score
increased at 72 h, antipsychotic use also increased.
This increase paralleled the rise in agitation and non-
compliance with treatment. In one study, approximately
half of the patients who developed delirium were
administered antipsychotic drugs, which were found
to be effective in managing delirium (37). However,
one study suggested that psychoactive drugs, such as
antipsychotics and anticonvulsants, pose a moderate
risk factor for delirium (38). In contrast, a review of
randomized controlled trials found no significant
difference in delirium frequency, duration, length of
hospital stay, or mortality rates between haloperidol
use and a placebo. Additionally, there was insufficient
evidence to support the efficacy of haloperidol
regarding delirium severity, cognitive function, and
sedation (39). In one study, approximately 45% of
delirious patients were administered antipsychotics,
and it was found that haloperidol and olanzapine
increased the likelihood of delirium persistence and
mortality; only quetiapine reduced mortality rates (40).
While antipsychotics play a significant role in delirium
treatment, further studies are needed to evaluate their
long-term effects, including mortality rates.

In this study, the day-7 evaluation indicated that
delirium was less common in older individuals, but
females had a higher incidence compared to males.
These findings differ from those of other studies, which
have reported different risk factors. One study reported
that advanced age is a risk factor for delirium without
gender differences (38). Another study found that older
individuals were more prone to persistent delirium,
alongside factors such as the use of physical restraint,
severe illness, prolonged mechanical ventilation,
hospitalization, and repeated admissions (7). Some
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studies found that while the incidence of delirium in
intensive care unit patients did not differ by age and
gender, it was associated with prolonged mechanical
ventilation, hypoxia, extended intensive care unit stays,
severe pain, increased agitation, and sedation (9,41).
Different results were obtained in the studies. In this
study, the risk of delirium decreased with increasing
age. In one study, patients younger than 55 years of
age in intensive care were more affected by biological
and environmental factors (42). These varying results
emphasize the need for further research, particularly
to clarify the relationships between age and gender in
different group comparisons.

In this study, the assessment conducted at 72 h
indicated that the most critical predictors of sleep
quality were daytime intensive care unit (ICU) stay,
the presence of pain, and agitation. On day 7, the
most important predictors of sleep quality were
(RSS),
the presence of pain, and staying in a room with
windows. The relationship between sleep deprivation
and delirium has been observed, especially in older
patients (43). In one study evaluating risk factors for

the Richmond Agitation-Sedation Scale

delirium in elderly patients, poor sleep quality was
found in delirious patients (9). In older patients who
underwent surgical procedures for femur fractures,
experiencing sleep disturbances was identified as a
predictive factor for delirium (44). Changes in sleep
quality and quantity have been recognized as one
of the factors accelerating delirium in ICU patients
(45). Hence, it is crucial to continually assess sleep
and delirium in patients, implement psychosocial
interventions for those experiencing sleep problems
or delirium symptoms, and make environmental
adjustments.

In this study, in addition to delirium, pain and agitation
were also significant predictors of sleep quality. In ICU
patients, agitation can result from factors such as pain
and delirium (46). Factors like pain have been reported
to disturb a patient’s sleep in the ICU and increase
anxiety, leading to agitation (10). In a systematic
review, the severity of the disease, age, pain, delirium,
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comorbidities, gender, and pre-hospitalization sleep
problems were identified as individual factors affecting
sleep disorders (47). ICU patients have reported that
factors such as pain, discomfort, anxiety/fear, noise,
light, and ICU care-related activities contribute to sleep
disturbances (11). Identifying and supporting pain and
agitation early with psychosocial nursing interventions
can help effectively manage symptoms and address
the problems they cause, such as sleep disorders.

This study found that patients who stayed in rooms
with windows had better sleep quality. Some sources
have reported that factors such as light and noise
are significant factors that reduce sleep quality,
particularly continuous exposure to strong light
(11,12,48,49). In a cohort study, environmental factors,
such as noise and artificial lighting, were found to
have a more substantial impact on sleep quality in
ICU patients compared to biological factors (42). In
ICU patients, circadian rhythm is considered crucial,
with the circadian rhythm most affected by light.
Environmental factors, such as strong lighting, have
been reported to disrupt circadian rhythm, leading to
problems with sleep duration and quality (50). Most
studies seem to focus on the relationship between
light intensity and sleep quality. Therefore, conducting
studies comparing patients who stayed in rooms with
windows to those who did not is recommended to
further explore this issue.

In this study, the predictors of sedation level at 72 h
included agitation, non-compliance with treatment,
age, and antipsychotic medication use. On day 7,
the most important predictors of patients’ sedation
levels were agitation, non-compliance with treatment,
and sleep quality. In ICU patients, agitation can
arise from various factors, including pain, delirium,
and medication. Agitation can lead to unintended
removal of tubes and catheters, prolonged ICU stays,
and various secondary complications (46). To calm
patients, facilitate procedures such as mechanical
ventilation and tracheal intubation, and promote their
adaptationto daily care and nursing practices, sedation
is often administered (51). While it is recommended to

use sedatives at very low doses, interventions such
as improving the patient’s environment, reducing
nighttime noise and light, and enhancing sleep quality
are also advised (10). It is possible to prevent or
minimize factors predicting sedation through nursing
interventions. Before resorting to medication, proper
interventions should be planned and implemented,
and making the necessary assessments and
adjustments in the ICU.

Strengths and limitations

Oneofthestrengths ofthis studyisthatitisaprospective
study. Prospective studies allow researchers to collect
future data which helps to better assess cause-
and-effect relationships. Additionally, conducting
two separate assessments on the same patients
contributed to a better understanding of predictors for
both early and late dependent variables, enhancing
the internal validity of the research. Another strength
is the validation and reliability of the assessments,
which used standardized tools. This ensures that the
data collected are accurate and reliable.

Nevertheless, a significant limitation of the study is
that it was conducted in a single center. Therefore,
the results obtained may only be applicable to the
sampled population in that specific center, and
different results may be obtained in other hospitals.
Multicenter studies are recommended to increase the
likelihood of obtaining generalizable results.

Conclusion

This study examined predictors associated with
delirium, sedation, and sleep quality in anesthesia
intensive care unit patients. In general, the most
important predictors for delirium, sedation, and sleep
quality include factors such as pain, agitation, non-
compliance with treatment, and sleep quality. Notably,
sleeping in a room with a window did not emerge as a
significant predictor for delirium or sedation, but was
found to be a significant predictor for sleep quality.
In light of these findings, further research on the
subject is recommended. The findings of the study
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provide guidance for managing important factors
related to delirium, sedation, and sleep quality in
the ICU. In daily practice, pain and agitation should
be regularly assessed and effectively controlled,
while individualized sedation plans should be
implemented to prevent over-sedation. To improve
treatment compliance, patient and family education
should be provided, treatment regimens simplified
where possible, and adherence supported through
multidisciplinary teamwork. To enhance sleep quality,
rooms with windows should be preferred when
feasible, noise and light disturbances minimized
during nighttime, and non-pharmacological sleep-
promoting methods utilized. Additionally,
screening for delirium should be conducted for early
detection, modifiable risk factors actively managed,
and the environment maintained calm, well-lit, and
orienting. Finally, raising healthcare staff awareness
on these issues and encouraging interprofessional
collaboration play a critical role in improving patient
outcomes.
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ABSTRACT

Objective: This study examines the training and utilization of Point-
of-Care Ultrasound (POCUS) among intensive care physicians
in Turkiye, assessing its clinical use, training and barriers to
implementation.

Materials and Methods: A prospective, observational, cross-
sectional survey was conducted between November 10-25, 2024,
among adult tertiary intensive care unit (ICU) physicians in Turkiye.
The structured online questionnaire collected demographic data,
POCUS training experiences, and clinical applications.

Results: A total of 152 ICU physicians participated. Lung ultrasound
(78.3%) and cardiac ultrasound (71.0%) were the most frequently
used POCUS applications, while cranial ultrasound (20.4%)
was the least. Over half (52.6%) had no POCUS training during
residency, and 53.3% had never attended a certified course; among
attendees, 64.8% found the training duration insufficient. Online
digital platforms were the primary self-learning resource (75.0%),
and 92.1% expressed interest in further education.

Conclusion: The study highlights the need for structured POCUS
training during residency and post-specialization. The absence of
a standardized curriculum and experienced instructors were key
barriers. Expanding post-specialization courses and improving
access to high-quality digital resources may enhance POCUS
competency.

Keywords: intensive care unit, POCUS, point of care ultrasound,
bedside ultrasound, training

< Mustafa Aydemir + drmustafaaydemir02@gmail.com

0z
Giris: Bu calisma, Turkiye'deki yogun bakim hekimleri arasinda
Yatak Basi Ultrason (POCUS) egitimi ve kullanimini inceleyerek,

klinik uygulamalarini, egitim olanaklarini ve uygulamadaki engelleri
degerlendirmektedir.

Gere¢ ve Yontem: Tirkiye'deki Uclncil erigkin yogun bakim
unitelerinde (YBU) calisan hekimler arasinda 10-25 Kasim 2024
tarihleri arasinda prospektif, gézlemsel ve kesitsel bir anket
calismasi yurataldu. Yapilandirimig gevrimici anket, katilimcilarin
demografik verilerini, POCUS egitimi ile ilgili deneyimlerini ve klinik

Bulgular: Calismaya toplam 152 YBU hekimi katidi. En sik
kullanilan POCUS uygulamalari akciger ultrasonu (%78,3) ve
kardiyak ultrason (%71,0) iken, en az kullanilan uygulama kraniyal
ultrason (%20,4) oldu. Katilimcilarin %52,6’si uzmanlik egitimi
sirasinda POCUS egitimi almadigini, %53,3'U ise sertifikall bir kursa
katilmadigini belirtti. Kurslara katilanlarin %64,8'’i ise egitim siresini
yetersiz buldu. Katiimcilarin %75,0’i gevrimici dijital platformlan
kendi kendine 6grenme kaynagi olarak kullanirken, %92,1’i ileri
diizeyde POCUS egitimi almakla ilgilendigini ifade etti.

Sonug: Galisma, POCUS egitiminin hem uzmanlik egitimi hem de
uzmanlik sonrasi dénemde yapilandirimis bir sekilde artiriimasi
gerektigini ortaya koymaktadir. Standart bir egitim mufredatinin
olmamasi ve deneyimli egitmen eksikligi énemli engeller olarak
belirlenmistir. Uzmanlik sonrasi POCUS kurslarinin genisletiimesi
ve yuUksek kaliteli dijital egitim materyallerine erisimin artiriimasi,
POCUS kullanim yeterliligini gelistirebilir.

Anahtar kelimeler: yodun bakim unitesi, POCUS, yatak basi
ultrasonografi, yatak basi ultrason, egitim
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Introduction

Ultrasonography (USG) is a rapidly expanding
imaging modality in clinical practice due to its
advantages, including the absence of radiation risk,
low cost, and bedside applicability (1). Point-of-Care
Ultrasonography (POCUS), is a practical and easily
performed technique widely utilized by clinicians in
intensive care units (ICUs) and operating rooms for
the rapid assessment of targeted pathologies in the
brain, airway, thorax, abdomen, and extremities as
well as for guiding interventional procedures (2-5).

However,everyUSGtechniquerequirescomprehensive
theoretical and practical training. Insufficient training
can limit the accuracy of clinical assessments and
lead to misleading results (6). Therefore, to ensure
standardization in certain applications of POCUS,
skill levels and corresponding minimum training
requirements have been established (7).

The increasing global utilization of POCUS has
necessitated its integration into training programs
across various medical specialties. However, POCUS
training varies not only between countries but also
among different centers within the same country (3,6).
The lack of standardization limits the reliability of
POCUS applications and impacts the quality of patient
care (8). Furthermore, gaps in knowledge regarding
the adequacy of training programs, the effectiveness
of teaching methods, and the availability of specialized
assessment tools hinder the advancement of POCUS
education (8).

The aim of this study is to investigate the current
frequency of POCUS use among intensive care
physicians in Turkiye, assess available training
opportunities, and identify barriers to its utilization.

Materials and Methods

This study was designed as a prospective,
observational, and cross-sectional research. Prior
to the initiation of the study, ethical approval was
obtained from the Necmettin Erbakan University Ethics
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Committee for Non-Pharmaceutical and Non-Medical
Device Research (Approval No: 2024/5318). Data were
collected between November 10 and November 25,
2024, through an web based survey administered via
“Google Forms” to physicians working in adult tertiary
ICUs across Turkiye. Structured questionnaire,
consisting of multiple-choice, Likert-scale, and forced-
choice questions (yes, no, or undecided), was used
as the data collection tool (see Appendix A for the
full questionnaire). The survey included participants’
demographic  characteristics, POCUS training,
experience and use in practice, institutional resources
for education and equipment, and potential barriers to
POCUS implementation.

Statistical analysis

Statistical analyses were performed using SPSS 27.0
software (IBM Inc., Chicago, IL, USA). Categorical
(qualitative) variables were expressed as frequency
(n) and percentage (%), while quantitative variables
were presented as the interquartile range and median
(min-max).

Results

This study was announced through the social media
platforms of relevant associations and researchers,
making it impossible to determine the exact number
of ICU physicians who received the invitation. A
total of 152 intensive care physicians completed
the survey. The demographic and professional
characteristics of the participants are summarized
in Table 1. The diagnostic areas in which POCUS is
utilized in intensive care units are detailed in Table 2.

Table 1. Demographic characteristics of the participants

Question Answer Frequency Percent (%)
Age 25-45 123 80,92%
>45 29 19,08%
Gender Male 78 51,32%
Female 74 48,68%
Work experience in > 10 year 39 25,66%
the ICU <10 year 113 74,34%
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Table 2. POCUS applications in diagnostic procedures

Application Area Frequency (N) Percent (%)
Lung 119 78,3%
Cardiac 108 71,0%
Abdomen 92 60,5%
Airway 78 51,3%
Ocular 65 42,7%
Cranial 31 20,4%

Table 3. Participants' POCUS training
Question
Have you attended a certified POCUS course?

If your answer to the previous question is 'No, what are
the primary reasons preventing you from attending POCUS
courses and training programs? *

What was the total duration of the POCUS courses you
attended?

Was the duration of the POCUS courses you attended
sufficient?

What was the duration of the workshop training in the
POCUS courses you attended?*

Was the duration of the workshop training in the POCUS
courses you attended sufficient?

How many trainees were assigned per instructor during the
workshop sessions in the POCUS courses you attended?

* Multiple response options were allowed for this question, and percentages were calculated based on the total frequencies of the selected responses.

Table 4. POCUS training and competency during residency

Comprehensive information regarding the POCUS
training received by participants, including courses
attended and their related perspectives, is provided in
Table 3. Physicians’ evaluations of POCUS training and
competency during their intensive care specialization

are presented

in Table 4. Data on equipment

availability, frequency of clinical use, preferences, and
individual learning approaches are outlined in Table 5.

Answer
Yes
No
High course fees
The distant locations of the courses
Insufficient number of courses
Not feeling the need for a course
1 day only
2 days only
Yes
No
A few hours
Half a day
1 day
Yes
No
>10
5-10
<5

Question Answer
Did you receive POCUS training at your hospital during your residency? Yes
No

If your answer to the previous question is "Yes," who mentored you during your

POCUS training throughout your residency?

Faculty Members

Senior Research Fellows

Was the POCUS training provided during your residency sufficient? Yes
No
Would you have found a radiology rotation beneficial during your training Yes
No

Frequency (N)
VAl
81
21
24
23
13
49
22
25
46
27
34
10
26
45
10
49
12

Frequency (N)

72
80
66
11

49
103
23

129

Percent (%)
46,7%
53,3%
25,9%
29,6%
28,4%
16,1%

69%
31%
35,2%
64,8%
38%
47,9%
14,1%
36,6%
63,4%
14,1%
69%
16,9%

Percent (%)
47,4%
52,6%
%85,71
14.3%
32,2%
67,7%
15,1%
84,8%
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Table 5. Equipment, frequency of clinical use, and individual learning preferences of POCUS

Question Answer Frequency (N) Percent (%)
Is the number of ultrasound devices in your clinic sufficient? Yes 78 51,3%
No 74 48,7%
What is your frequency of POCUS usage? Never 30 19,7%
Daily 19 12,5%
Several times a week 103 67,8%
Do you use POCUS in intensive care for purposes other than vascular Yes 115 75,7%
interventional procedures? No 37 24.3%
Would you like to receive further training in POCUS? Yes 140 92,1%
No 12 7,9%
Which additional learning methods do you use for ultrasound training? Online trainings 71 46,7%
Youtube 114 75,0%
Textbook 49 32,2%
Articles 51 33,5%
Course 61 40,1%
If you detect a lung point and barcode sign during POCUS in a patient with Yes 54 35,5%
suspected pneumothorax, would you proceed with an interventional procedure No 63 41,4%
without additional imaging? Undecided 35 23,0%

Discussion

This study represents the first national-level research
evaluating the knowledge, training status, and
perceived barriers to POCUS utilization among
physicians working in adult intensive care units (ICUs)
in our country. A total of 68% of participants reported
that the current POCUS training was insufficient. More
than half of the participants reported not receiving
POCUS training during their residency, and over half
had never attended a certified POCUS course. Among
those who had participated in a POCUS course, 64.8%
considered the training duration inadequate. Notably,
the vast majority of participants (92.1%) expressed a
strong desire for additional POCUS training.

Consistent with the findings of this study, research
conducted in Canada, one of the most developed
countries, has also highlighted variability in POCUS
training within intensive care residency programs and
identified significant educational gaps (9). A Canadian
study reported that while 64% of intensive care
programs provided PUS training in accordance with
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national recommendations, challenges such as a lack
of qualified instructors and limited hands-on training
opportunities remained prevalent.

Similar studies have also identified the most
frequently cited barriers to POCUS education as the
shortage of trained faculty members and the absence
of a standardized curriculum (10). The adequacy of
teaching faculty plays a crucial role in improving the
quality of training. Both in our study and previous
research, one of the most prominent shortcomings
is the lack of a widely accepted, structured, and
standardized POCUS curriculum, along with an
insufficient number of competent instructors.

According to the results of this study, the most
frequently used POCUS applications for diagnostic
purposes were lung ultrasound (78.3%) and cardiac
ultrasound (71.0%), while cranial ultrasound (20.4%)
was the least utilized. Although the lower frequency of
cranial ultrasound use compared to lung ultrasound
is expected, the lack of adequate training in this area
may also contribute to this finding.
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Only 12.5% of participants reported using POCUS
daily, while 19.7% stated that they never used it,
and 67.8% reported using it several times a week.
Regarding POCUS use in interventional procedures,
24.3% of participants indicated that they used it
exclusively for vascular access. A national survey
conducted in Brazil found that POCUS was primarily
used for central venous catheterization (49.4%) and
bedside echocardiographic evaluation (33.9%) (11).

Both national and international societies organize
numerous postgraduate training courses on POCUS.
In this study, half of the participants reported not
attending such courses, citing high course fees,
limited course availability, and the distant locations
of these courses as the primary barriers. The findings
of this study indicate that residents prefer digital
platforms (e.g., YouTube) over traditional textbook-
based learning methods. This trend highlights the
increasing demand for digital resources in medical
education. Therefore, it is recommended that
educational materials be enriched and adapted for
digital platforms to enhance accessibility. Additionally,
ensuring the accuracy and reliability of content on
these platforms through supervision by academic
institutions and experts would be beneficial.

Lung USG is frequently utilized in the ICU due to
its ease of bedside application, its ability to provide
reliable diagnostic information, its advantage of
avoiding radiation exposure compared to chest
radiography, and its cost-effectiveness (12). In this
study, lung USG was identified as the most frequently
used ultrasound technique in intensive care units, with
78% of participants reporting regular use.

However, when asked, ’If you detect a lung point
and barcode sign during POCUS in a patient with
suspected pneumothorax, would you proceed with an
interventional procedure without additional imaging?’,
only 35% of physicians responded affirmatively. This
finding suggests that the majority of physicians prefer

to integrate ultrasound findings with other diagnostic
parameters rather than relying solely on USG, even
when the findings are highly suggestive.

Additionally, nearly half of the participants reported
that their clinical settings lacked a sufficient number
of ultrasound devices. This indicates that equipment
shortages may be one of the limiting factors in the
widespread utilization of POCUS.

This study highlights the need for a more standardized
POCUS training program, particularly for intensive
care physicians. The guidelines provided by the
European Society of Intensive Care Medicine (ESICM)
define the essential ultrasound skills that intensive
care physicians should acquire for the assessment of
critically ill patients (13). Such guidelines can serve as
a fundamental framework for intensive care training
programs and help address existing educational
deficiencies

Conclusion

This study evaluates the training level, attitudes,
preferences, frequency of use, and perspectives
of intensive care physicians in Turkiye regarding
POCUS, highlighting both the current state and
existing gaps in education that require improvement.
The primary barriers to POCUS utilization include the
lack of technical equipment, an insufficient number
of experienced instructors for resident training, and
the absence of a standardized national curriculum.
Our findings underscore the need to increase the
frequency and duration of postgraduate POCUS
courses, as well as to enhance the availability and
quality of digital educational materials under the
supervision of academic institutions and experts.
We believe that these steps are essential for the
widespread adoption and improved effectiveness of
POCUS in clinical practice.
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Appendix A. Survey questions

1) What is your age?

2) What is your gender?

3) What is your medical specialty?

4) How long have you been working in intensive care units?
5) What is your academic title at your current institution?
6) What is your current workplace?

7)
8) Do you think the POCUS courses conducted in our country are beneficial?

9) What was the duration of the POCUS courses you attended?

10) Do you think the duration of the POCUS courses you attended was sufficient?

11) Were hands-on workshop sessions on mannequins included in the POCUS courses you attended?

12) What was the duration of the hands-on workshop sessions on mannequins in the POCUS courses you attended?

Have you attended any certified course on Point-of-Care Ultrasonography (POCUS)?

13) Do you think the duration of the hands-on workshop sessions on mannequins was sufficient?

14) How many trainees were assigned per instructor during the hands-on workshop sessions in the POCUS courses you
attended?

15) What is the primary reason preventing you from attending POCUS courses and training programs?

16) Did you receive POCUS training at your hospital during your residency?

17) If your answer to question 16 is “Yes,” who mentored you during your POCUS training?

18) Did you receive POCUS training outside of your hospital during your residency?

19) Did you receive POCUS training after completing your residency?

20) How many ultrasound procedures did you perform during your residency?

21) Do you think the use of POCUS was sufficient during your residency?

22) Do you think the POCUS training provided during your residency was adequate?

23) Which ultrasound applications have you received theoretical training on during courses or at your hospital? (Please select
all that apply.)

24) Would you like to receive further training in POCUS?

25) Do you use additional learning methods for ultrasound training?

26) Should a radiology rotation be included in the intensive care fellowship training program?

27) Is the number of ultrasound devices in your clinic sufficient?

28)

29)
30) Do you use POCUS while performing interventional procedures in intensive care?

31) Do you feel competent enough to make independent clinical decisions using POCUS?
32)

33)
34) In a scenario where you detect a lung point and barcode sign during POCUS in a patient with suspected pneumothorax,

How frequently do you use POCUS?
Do you use POCUS for diagnostic and therapeutic purposes (excluding interventional procedures) in intensive care?

How important do you consider POCUS skills in your professional career?
In which clinical situations do you use lung ultrasound?

would you proceed with an interventional procedure without requesting any additional imaging?
35) In which clinical situations do you use cardiac ultrasound?

36) In which clinical situations do you use abdominal ultrasound?

37) In which clinical situations do you use cranial ultrasound?

38) In which clinical situations do you use airway ultrasound?

39) In which clinical situations do you use ocular ultrasound?
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Sepsis outcomes and predictive factors of mortality in ICU: A single center
experience for four years

Yogun bakim iinitesinde sepsis sonuglari ve mortaliteyi etkileyen faktorler:
Dort yillik tek merkez deneyimi

Orhun Demir'®, Omer Ziht( Yondem'®, Baris Ecevit Yuksel'

'Department of Anesthesiology and Reanimation, Faculty of Medicine, Lokman Hekim University, Ankara, Tirkiye

ABSTRACT

Introduction: Sepsis, defined by Sepsis-3 as a life-threatening organ dysfunction due to infection, has high mortality rates worldwide. Early
diagnosis and treatment are challenging due to its heterogeneous nature. Identifying predictive factors is crucial for improving outcomes.
This study aims to analyze sepsis patients in the intensive care units (ICU) of Lokman Hekim University Ankara Hospital.

Methods: A retrospective analysis of 400 patients diagnosed with sepsis (Sepsis-3 criteria) between April 2020 and April 2024 was conducted.
Data included demographics, clinical parameters, laboratory results, comorbidities, treatments and outcomes.

Results: The median age was 81 years (range: 21-101), with 214 patients (53.5%) aged 80 years and above. Hypertension (56.5%), diabetes
mellitus (38.3%), and coronary artery disease (26.5%) were common comorbidities. Lactate levels were significantly higher in non-survivors
(2.7 vs. 1.7 mmol/L, p=0.006). Non-survivors had higher Acute Physiology and Chronic Health Evaluation Il (APACHE Il) and Sequential
Organ Failure Assessment (SOFA) scores, while Glasgow Coma Score (GCS) scores were higher in survivors. Invasive mechanical ventilation
was required in 98.6% of non-survivors. Overall ICU mortality was 86.5%. The total culture positivity rate was 65.5%, with blood cultures
positive in 32.8% of cases. Staphylococcus epidermidis, Acinetobacter baumannii, and Klebsiella pneumoniae were common blood isolates.
In respiratory cultures, K. pneumoniae and A. baumannii predominated, while E. coli and Candida species were frequent in urine cultures.
However, culture positivity in blood, urine, or respiratory samples did not significantly impact mortality. Logistic regression identified age,
APACHE Il score, serum procalcitonin level, and Mean arterial pressure (MAP) as independent mortality risk factors.

Conclusion: Key predictors of mortality in sepsis include age, APACHE Il score, procalcitonin, and MAP. Therefore, early identification and
tailored interventions may improve outcomes in sepsis management. Further research is needed to refine prognostic models.

Keywords: sepsis, prognosis, mortality, critical care

0z

Girig: Sepsis, Sepsis-3 tanimina goére enfeksiyona bagdl yasami tehdit eden organ disfonksiyonu olarak tanimlanmakta olup, dlnya
genelinde ylUksek mortalite oranlarina sahiptir. Heterojen yapisi nedeniyle erken tani ve tedavisi zorludur. Sonuglar iyilestirmek amaciyla
prediktif faktérlerin belilenmesi énemlidir. Bu calisma, Lokman Hekim Universitesi Ankara Hastanesi yogun bakim (nitelerinde yatan sepsis
hastalarinin analizini amaclamaktadir.
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Yéntem: Nisan 2020 ile Nisan 2024 tarihleri arasinda Sepsis-3 kriterlerine gére sepsis tanisi alan 400 hastanin retrospektif analizi yapiimistir.
Demografik veriler, klinik parametreler, laboratuvar sonuclari, eslik eden hastaliklar, uygulanan tedaviler ve sonuglar kaydedilmistir.

Bulgular: Medyan yas 81 yil (aralik: 21-101) olup, hastalarin 214t (%53,5) 80 yas ve Uzerindeydi. En sik gértlen komorbiditeler hipertansiyon
(%56,5), diabetes mellitus (%38,3) ve koroner arter hastaligi (%26,5) idi. Laktat seviyeleri sag kalanlara kiyasla sag kalmayanlarda anlamli
olarak yuksekti (2,7 vs. 1,7 mmol/L, p=0,006). Sag kalmayan hastalarda APACHE Il ve SOFA skorlari daha ylksekken, Glasgow Koma Skoru
(GKS) sag kalanlarda yliksekti. invaziv mekanik ventilasyon ihtiyaci sag kalmayanlarin %98,6’sinda gériildi. Yogun bakim Gnitesi mortalitesi
genel olarak %86,5 olarak saptandi. Toplam kultur pozitiflik orani %65,5 olup, kan kultlrleri %32,8 oraninda pozitifti. Kan kultlrlerinde
Staphylococcus epidermidis, Acinetobacter baumannii ve Klebsiella pneumoniae yaygin olarak izole edildi. Solunum yolu kultirlerinde K.
pneumoniae ve A. baumannii, idrar kulttrlerinde ise E. coli ve Candida turleri sik géruldi. Ancak kan, idrar veya solunum yolu kulturlerindeki
pozitiflik mortalite Uzerinde anlamli etki gostermedi. Lojistik regresyon analizinde yas, APACHE Il skoru, serum prokalsitonin duzeyi ve
ortalama arter basinci (OAB) bagimsiz mortalite risk faktorleri olarak belirlendi.

Sonug: Sepsis hastalarinda mortalitenin baslica belirleyicileri yas, APACHE |l skoru, prokalsitonin ve ortalama arter basincidir. Erken tani ve
kisisellestiriimis midahaleler, sepsis yénetiminde sonuglarin iyilestiriimesi icin kritik Gneme sahiptir. Prognostik modellerin gelistiriimesi ve
antimikrobiyal diren¢ sorunlarinin ¢6zumd igin ileri arastirmalara ihtiyac vardir.

Anahtar kelimeler: sepsis, prognoz, mortalite, yogun bakim

Introduction

According to the Sepsis-3 definition, sepsis is a life-
threatening condition caused by an abnormal host
response to infection, leading to organ dysfunction
(1). Mortality from sepsis shows significant regional
variation; in Europe, the rate is approximately 41%,
whereas in the United States, it is around 28.3% (2).

An epidemiological study examining sepsis across
intensive care units in Turkey revealed that 15.8% of
patients had infections without Systemic Inflammatory
10.8% had
infections accompanied by SIRS. Additionally, the
study showed 17.3% of patients had severe sepsis
without shock, whereas 13.5% had septic shock.
When the researchers regrouped according the
Sepsis-3 criteria, they found that 6.9% of patients were
in septic shock and this subgroup had a high mortality
rate (75.9%) (3). In another study carried out in Turkey,
when culture results were categorized, Gram-negative
bacteria were identified in 48% of cases, Gram-
positive bacteria in 15%, and fungi in 8%, and 29%
of patients had negative cultures. The reported in-
hospital mortality rate was 51% (4). The heterogeneous
nature of sepsis revealed in these studies is the key
factor that complicates early diagnosis and treatment
planning (5).

Response Syndrome (SIRS), while

Due to its heterogeneous nature, identifying predictive
factors in sepsis can help clinicians intervene early,

improve patient outcomes, and reduce mortality rates.
(6). Although studies on predictive biomarkersin sepsis
have increased in recent years, identifying effective
predictive factors for sepsis management remains
challenging due to the limitations of these studies. In a
study investigating the predictive value of the Lactate/
Albumin ratio, it was found to be more predictive of
28-day mortality in critically ill sepsis patients than a
single lactate measurement, and was recommended
as a strong prognostic marker independent of the
initial lactate level (7). While systematic reviews and
meta-analyses highlight the effectiveness of machine
learning models in predicting the onset of sepsis, the
variability across studies complicates the evaluation
of results; nevertheless, these models provide
alternatives to traditional scoring systems. Therefore,
there remains a need for systematic reporting and
clinical research to further investigate this area (8).

The aim of the study was to review the demographic,
characteristics and comorbidities effect on outcomes.

Methods

This study was designed retrospectively and carried
out at the intensive care units (ICUs) at Lokman Hekim
University Ankara Hospital between 01.04.2020 and
01.04.2024. Ethical approval was obtained from the
Lokman Hekim University Scientific Research Ethics
Committee (approval date: 01/03/2024, number:
2024/75).
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The patient’s data were obtained from the hospital’s
database system and intensive care follow-up form.
When searching hospital International
Classification of Diseases 10th Revision (ICD 10) codes
(A40.0-A41.9), the key words “sepsis and septicemia”
were used. For the patient’s selection, 2016 Sepsis-3
diagnostic criteria were used for the definitions of

system,

sepsis, septic shock and patient selection (1). The
patients having clinical and laboratory findings
compatible with sepsis according to the sepsis-3
criteria and aged over 18 years old were included in
the study. Exclusion criteria were defined as being
under 18 years old and pregnant. The selection criteria
of the patients are shown in the flow chart in Figure 1.

550 patients were screened retrospectively using ICD-10 codes
(840.0—441.9) and the keywords “sepsis” and “septicemia”
from the hospital database. Between April 2020 and April 2024

l

Data Collection

Among these, 150 patients were
excluded due to age under 18 (n=83)_

or not meeting the Sepsis-3 diagnostic
criteria (n=63).

Patients excluded
(n=150)

1

Patients enrolled

MNon survivor group
{n=346)

{n=400)

&0

e

B

- |

2

]

Survivor group
(n=54)

. Clinical, demographic, and laboratory parameters
S

o evaluated

=

s

Culture Analyses

Mechanical ventilation and mortality impact

Figure 1. Flow diagram of patient selection
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The demographic information of the cohort, such as
age and gender, Glasgow Coma Score (GCS) and
Acute Physiology and Chronic Health Evaluation
Il (APACHE Il) score, the Sequential Organ Failure
Assessment (SOFA) Score at admission, serum levels
of lactate, procalcitonin (PCT), C-reactive protein
(CRP), leukocyte, lymphocyte, platelet, albumin,
D-dimer, comorbidities, identified infection sources,
documented pathogens and antimicrobial resistance
results, need formechanical ventilation andits duration,
mortality were recorded. Clinical and laboratory
parameters impact on mortality were analyzed. For
analysis, patients were grouped retrospectively based
on ICU survival status as survivors and non-survivors.
The primary outcome of the study was ICU mortality.
Secondary outcomes included the evaluation of
demographic, clinical, and laboratory parameters as
potential predictors of mortality.

Statistical analysis

The statistical analysis of the study data was performed
using IBM SPSS (IBM Corp., Armonk, NY, USA)
version 27.0. The normality of continuous variables
was assessed using the Shapiro-Wilk test, histograms,
and skewness-kurtosis coefficients. Continuous
variables were presented as median (minimum-
maximum) due to non-normal distribution, while

Table 1. The total number of patients with sepsis patients included
chronic conditions.

Characteristic Total
Male (No, %) 193 (48.3%)
Age (median, min, max) 81(21-101)
Comorbidities

Hypertension 226 (56,5%)
Diabetes Mellitus 153 (38,3%)
Coronary Artery Disease 106 (26,5%)
Heart Failure 82 (20,5%)
Chronic Obstructive Pulmonary Disease 65 (16,3%)
Stroke 60 (15,0%)
Chronic Kidney Disease 64 (16,0%)

categorical variables were expressed as frequencies
and percentages. For the comparison of continuous
variables between two groups, the Mann-Whitney U
test was used. Categorical variables were compared
using the Chi-square test. Binary logistic regression
analysis was performed to identify independent risk
factors for mortality. A p-value <0.05 was considered
statistically significant.

Results

A total of 400 patients diagnosed with sepsis and
septic shock were included in this study. Of the
patients, 48.3% were male. The median age was 81
years (range: 21-101) and 214 cases were aged 80
years and over. Table 1 summarizes the demographic
characteristics of patients. The most common
comorbidities were hypertension (56.5%), diabetes
mellitus (38.3%), and coronary artery disease (26.5%).
However, no significant relationship was found
between the presence of comorbid diseases and
mortality (p>0.05).

Initially, 550 patients were screened retrospectively
using ICD-10 codes (A40.0-A41.9) and the keywords
“sepsis” and “septicemia” from the hospital database.
Among these, 150 patients were excluded due to
age under 18 (n=85), or not meeting the Sepsis-3

in the study, along with their sociodemographic profiles and associated

Survivors Non-survivors p-value
25 (46,3%) 168 (48,6%) 0.950
76 (32-98) 81(21-101) 0.056
29 (53,7%) 197 (56,9%) 0.656
21 (38,9%) 132 (38,2%) 0.917
17 (31,5%) 89 (25,7%) 0.372
13 (24,1%) 69 (19,9%) 0.484
7(13,0%) 58 (16,8%) 0.481
5(9,3%) 55(15,9%) 0.201
11 (20,4%) 53 (15,4%) 0.351

Data are presented as number (%) for categorical variables and median (minimum-maximum) for continuous variables.
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diagnostic criteria (n=65). No patients were excluded
due to incomplete data during chart review. The
remaining 400 patients were then divided into two
groups based on ICU survival status: survivors (n=>54)
and non-survivors (n=346).

Clinical and laboratory findings

When evaluating the clinical and laboratory
parameters of the patients, significant differences
were observed between survivors and non-survivors.
Parameters such as heart rate, mean arterial pressure
(MAP), PCT, CRP, and CRP/albumin ratio (CAR) had
statistically significant effects on mortality (p<0.001,
Table 2). The lactate levels were found to be 1.7 (0.5-
93) mmol/L in survivors and 2.7 (0.2-113) mmol/L in
non-survivors, with this difference being statistically
significant (p:0.006). However, no significant difference
was detected in terms of other parameters such as
neutrophil/lymphocyte ratio (NLR) and albumin levels
(p>0.05).

Culture analyses

The total culture positivity rate was 65.5%, and the
blood culture positivity rate was 32.8%. The most
frequently isolated bacteria from blood cultures were
Staphylococcus epidermidis (19.08%), Acinetobacter
baumannii  (11.45%), and Klebsiella pneumoniae
(10.69%). In respiratory secretion cultures, the
most frequently isolated microorganisms were K.
pneumoniae (27.41%), A. baumannii (20.00%), and
Candida species (11.85%). In urine cultures, the most
commonly isolated pathogens were E. coli (27.41%), K.
pneumoniae (20.00%), and Candida species (23.70%)
(Table 3). The presence of at least one positive culture
in any sample did not significantly affect mortality.
Similarly, having a positive blood, urine, or respiratory
secretion culture did not have a statistically significant
impact on mortality when assessed separately
(p>0.05, Table 2). There was no statistically significant
difference between survivors and non-survivors in
terms of blood, respiratory secretion, or urine culture

Table 2. Analysis of the clinical characteristics and laboratory parameters of sepsis patients.

Variable Total

Sepsis 126 (31.5%)
Septic shock 274 (68.5%)
Heart rate (bpm) 130 (75-145)
MAP (mmHg) 60 (45-90)

PCT (ng/mL) 1.155 (9-76)
WBC (x107/L) 12.67 (0.42-85.57)
PLT (x10°/L) 214 (8-801)
CRP (mg/L) 103.45 (0.16-460.36)
Albumin (g/dl) 2.95(0.78-68)

CRP/Albumin (CAR)
Neutrophils (x10°/L)

34 (1-268)
10.64 (1.27-90.1)

Lymphocytes (x10°/L) 0.96 (0.1-66.42)
NLR 11 (1-160)
Lactate (mmol/L) 2.5(0.2-113)
Positive Culture 262 (65.5%)
Positive Respiratory Secretion Culture 135(33.8%)

Positive Blood Culture 131 (32.8%)

Positive Urine Culture 135(33.8%)

Survivors Non-survivors p-value
54 (42.9%) 72 (57.1%) <0.001
0 (0%) 100 (100%)

95 (75-110) 130 (110-145) <0.001
80 (75-90) 57 (45-80) <0.001
9.015(0.109-100) 0.952 (0.02-100) <0.001
13.25 (4.15-45.4) 12.5 (0.42-85.5) 0.529
216 (21-459) 211 (8-801) 0.636
201 (0.16-460.3) 97.7 (0.4-421) <0.001
2.92 (2-32.5) 2.95(0.78-68) 0.854
59 (1-173) 31(1-268) <0.001
11.1 (3.65-42.4) 10.6 (1.27-90) 0.527
0.96 (0.2-4.09) 0.96 (0.1-66.4) 0.771
11 (2-73) 11 (1-160) 0.844
1.7 (0.5-93) 2.7 (0.2-113) 0.006
29 (53.7%) 233 (67.3%) 0.050
12 (22.2%) 123 (35.5%) 0.054
14 (25.9%) 117 (33.8%) 0.251
15 (27.8%) 120 (34.7%) 0.318

MAP; Mean Arterial Pressure, PCT; Procalcitonin, WBC; White Blood Cell count, PLT; Platelets, CRP; C-reactive Protein, CAR: C-Reactive Protein/Albumin Ratio, NLR;

Neutrophil-to-Lymphocyte Ratio.

Data are presented as number (%) for categorical variables and median (minimum-maximum) for continuous variables.
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Table 3. Distribution of microorganisms isolated from patients with sepsis.

Microorganisms
Gram-negative bacteria

Respiratory Secretion Culture, n (%)

Blood Culture, n (%) Urine Culture, n (%)

Klebsiella pneumoniae 37 (27.47)
Acinetobacter baumannii 27 (20.00)
Escherichia coli 20 (14.87)
Enterobacter spp. 13 (9.63)
Pseudomonas aeruginosa 10 (7.41)
Others* 10 (7.41)
Gram-positive bacteria

Staphylococcus epidermidis

Staphylococcus aureus 2(1.48)
Enterococcus spp.

Streptococcus haemolyticus

Staphylococcus capitis

Staphylococcus hominis

Others **

Fungi

Candida spp. 16 (11.85)
Total 135 (100)

14 (10.69) 27 (20.00)
15 (11.45) 4(2.96)
8 (6.11) 37 (27.41)
4(3.05) 12 (8.89)
2(1.53) 7(5.19)
4(3.05) 1(0.74)
25 (19.08)
13(9.92) 4(2.96)
11 (8.40) 2 (1.48)
11 (8.40)
9(6.87)
9(6.87) 8 (5.93)
4(3.05) 1(0.74)
2 (1.53) 32 (23.70)
131 (100) 135 (100)

* Citrobacter, Hafnia alvei, Serratia, Stenotrophomonas maltophilia, Providencia rettgeri, Pantoea agglomerans, Cedecea lapagei, Corynebacterium striatum, Raoultella

ornithinolytica

** Staphylococcus simulans, Streptococcus agalactiae, Enterococcus faecium, Streptococcus spp., Aerococcus viridans

Data are presented as number (%).

Table 4. Evaluation of outcomes among patients with sepsis.

Variable Total Survivors Non-survivors p-value
Length of stay (days) 8 (1-114) 9 (2-83) 8 (1-114) 0.228
Invasive MV Requirement 352 (88%) 11(20.4%) 341 (98.6%) <0.001
IMV/days 4(0-103) 0 (0-83) 4(0-103) <0.001
APACHE Il 27 (9-76) 22 (10-38) 28 (9-76) <0.001
SOFA 12 (2-20) 3 (2-5) 14 (8-20) <0.001
GCS 9 (1-15) 12 (3-15) 9 (3-15) <0.001

APACHE II; Acute Physiology and Chronic Health Evaluation II, SOFA; Sequential Organ Failure Assessment, GCS; Glasgow Coma Scale, IMV; Invasive Mechanical

Ventilation.

positivity (p>0.05). Although total culture positivity
was higher in non-survivors (67.3% vs. 53.7%), the
difference was borderline significant (p=0.050).

Outcomes

The median duration of ICU stay for the patients
was 8 days (range:1-114). There was no statistically
significant difference in the length of hospital stay
between survivors and non-survivors (p:0.228). The

need for invasive mechanical ventilation (IMV) was
significantly higher in non-survivors (98.6%) compared
to survivors (20.4%) (p<0.001). The duration of IMV
was significantly longer in non-survivors (median 4
days) than in survivors (median 0 days, p<0.001). In
terms of disease severity criteria such as APACHE
Il and SOFA scores, non-survivors had significantly
higher values, while GCS scores were significantly
higher in survivors. (p<0.001, Table 4).
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Table 5. A comprehensive list of variables identified as potential predictors for ICU mortality, derived from univariate binary logistic
regression, alongside the independent ICU mortality predictors established through multivariate binary logistic regression analysis.

Univariate binary logistic regression
95% C.l. for EXP (B)

Variables

Multivariate binary logistic regression
95% C.1. for EXP (B)

p-value Exp (B) p-value Exp (B)

Lower Upper Lower Upper
Age 0.010 1.026 1.006 1.046 0.039 1.041 1.002 1.081
APACHE Il <0.001 1.128 1.078 1.180 0.004 1.162 1.049 1.286
SOFA 0.980 20364.304 0.000
GCS <0.001 0.774 0.702 0.853 0.723 0.969 0.812 1.155
PCT <0.001 0.977 0.969 0.985 0.007 0.974 0.955 0.993
WBC 0.998 1.000 0.971 1.030
Platelets 0.770 1.000 0.998 1.001
CRP <0.001 0.995 0.992 0.997 0.067 0.989 0.978 1.001
Albumin 0.294 1.037 0.969 1.110
CRP/Albumin (CAR) 0.001 0.990 0.984 0.996 0.412 1.010 0.987 1.033
Neutrophils 0.873 1.002 0.973 1.032
Lymphocytes 0.510 1.098 0.832 1.448
NLR 0.899 1.001 0.986 1.016
Lactate 0.760 1.001 0.997 1.004
IMV Days 0.003 1.113 1.036 1.195
MAP <0.001 0.680 0.577 0.801 <0.001 0.666 0.540 0.820

APACHE II; Acute Physiology and Chronic Health Evaluation II, SOFA; Sequential Organ Failure Assessment, GCS; Glasgow Coma Scale, WBC; White Blood Cell count,
CRP; C-reactive Protein, CAR; C-Reactive Protein/Albumin Ratio, NLR; Neutrophil-to-Lymphocyte Ratio, IMV; Invasive Mechanical Ventilation, MAP; Mean Arterial

Pressure, PCT; Procalcitonin.

In logistic regression analysis, age (p:0.039), APACHE
Il score (p:0.004), PCT (p:0.007), and MAP (p<0.001)
were identified as independent risk factors for mortality
(p<0.05, Table 5).

Among the 400 cases included in the study, 346
patients (86.5%) died in the ICU, with a mortality rate of
86.5%. The mortality rates were significantly higher in
patients diagnosed with septic shock when compared
to those diagnosed with sepsis (p<0.001).

Discussion

The study findings highlight critical factors influencing
patient outcomes and provide insights into the
epidemiology, clinical characteristics and microbial
landscape of sepsis in a tertiary care setting. Age,
APACHE Il score, PCT levels and MAP emerged as
independent predictors of mortality. The previous
studies show the role of severity scoring systems
and biomarkers in prognosticating sepsis outcomes.

Turk J Intensive Care 2025;23(4):290-299

Elevated APACHE Il scores and low MAP underscore
the need for aggressive hemodynamic monitoring
and management in critically ill patients. Recent
studies have further supported the use of multimodal
combinations and advanced scoring
systems to refine mortality predictions in sepsis
patients (9-12).

biomarker

Despite SOFA scores being found to be high in the
non-survivor group in our study, it was not found to be
an independent risk factor for mortality in the analyses
performed. However, when the literature is examined,
prospective studies on lactate are important in the
management of sepsis. In addition, a prospective study
identified factors such as decreased mobility, delayed
sepsis diagnosis in the emergency department,
higher SOFA scores at admission and inappropriate
antimicrobial treatment as key risk factors for ICU
mortality (13). Another meta-analysis revealed that
each one-point increase in the SOFA score was
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associated with a 2.4 increase in 90-day mortality in
patients with septic shock, and that elevated SOFA
scores were linked to higher 30-day mortality in both
sepsis and septic shock. These studies underscore
the prognostic role of the SOFA score in sepsis
(14). Furthermore, both MAP and elevated heart rate
at admission were found to significantly increase
the likelihood of ICU mortality, as indicated by the
analysis of these clinical parameters. These findings
underscore the importance of early identification
and comprehensive clinical assessment in improving
outcomes for sepsis patients (13).

Lactate levels and the lactate/albumin ratio, as markers
of tissue hypoperfusion, are valuable indicators for
investigating poor prognosis in sepsis. Advances
in omics-based technologies are enabling the
characterization of sepsis endotypes, and pave the
way for integrating molecular biomarkers with clinical
parameters to improve outcome predictions (9-11).
Although lactate was not found to be an independent
risk factor for mortality in our study, recent research
suggests that lactate plays a key role in sepsis, not
only as a disease marker but also by promoting
increased inflammation. These findings indicate that
lactate may serve as a valuable target for both the
diagnosis and treatment of sepsis (15).

Current studies have suggested that biomarkers
such as NLR and plasma lactate levels are strong
predictors of 28-day mortality in sepsis patients. A
study by Liu et al. (16) reported that both NLR and
lactate levels are independently associated with poor
outcomes in sepsis. However, the lack of significant
differences in other markers suggests that combining
multiple biomarkers may provide more reliable
predictive value. This notion aligns with findings from
other studies, which support the use of multimodal
biomarkers to enhance the sensitivity and specificity
of sepsis prediction models. These findings indicate
that plasma lactate levels are a significant biomarker
in the prognosis of sepsis and suggest that this
parameter could be more widely utilized in clinical
practice. However, the lack of a significant association

between NLR and mortality in our study implies that the
prognostic value of NLR may vary depending on the
patient population, clinical context or stage of sepsis.
Considering the limitations of assessments based on
a single biomarker, combining reliable biomarkers
such as lactate with NLR and other potential indicators
could enable the development of models that better
predict sepsis outcomes. This approach may facilitate
the development of individualized treatment plans and
help reduce mortality rates.

Emerging biomarkers such as IL-6 and circular RNAs
are showing promise in enhancing diagnostic and
prognostic accuracy (11,12). Even though it is not
possible to examine blood tests that are not routinely
used in retrospective analyses, future studies should
investigate the clinical utility of jointly evaluating
biomarkers and explore how such combined
approaches can be optimized in the diagnosis and
management of sepsis.

The most commonly isolated microorganisms, K.
pneumoniae and A. baumannii, reflect the challenges
posed by multidrug-resistant organisms in ICU
settings. The high prevalence of Gram-negative
bacteria underscores the importance of antimicrobial
stewardship programs to curb resistance rates.
Literature highlights the global burden of antimicrobial
resistance in sepsis management, further emphasizing
the need for rapid diagnostic techniques (9,12,17). In
our study, the absence of a significant relationship
between positive or negative results in respiratory
secretion, blood, and urine cultures and mortality
(p>0.05) suggests that other clinical and patient-
related factors may play a more decisive role in
influencing mortality.

In our study, non-survivors required IMV significantly
more often than survivors. Timely and effective
management strategies of respiratory failure including
the judicious use of mechanical ventilation and other
therapeutic modalities, are essential for mitigating the
risk of mortality. These interventions not only improve
patient outcomes by stabilizing respiratory function,
but also underscore the need for proactive care to
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escalation of respiratory compromise. Studies have
demonstrated that early recognition and intervention
in cases of respiratory distress are essential for
improving survival rates and reducing the need for
more invasive treatments (10,11). Consistent with the
literature and our findings revealed a higher IMV in the
non-survivor group.

In our study, the mortality rate appears to be much
higher than the rates typically reported in the literature.
According to the literature, mortality in sepsis is
generally high, and increases further in cases of
septic shock (4,7,13,14,18,19). The higher mortality
rate in our cohort may be attributed to several factors
that differentiate this study population from those in
other studies. The higher mortality rate observed in
our study may be related to the severity of the patients
included in our cohort. It is likely that our patients had
more advanced stages of sepsis or septic shock, or
were affected by multiple underlying conditions, which
are known to increase mortality risk. In comparison,
studies with lower mortality rates may have focused
on patients with less severe forms of sepsis or those
who received early, aggressive interventions.

Additionally, the heterogeneous nature of septic shock
(characterized by multi-organ failure, hemodynamic
instability, and metabolic disturbances) may have
contributed to the high mortality rate observed in
our cohort. Although survival rates for septic shock
have improved in recent years with advancements
in medical treatment, the prognosis remains poor
in many cases, particularly in patients with delayed
diagnosis or treatment (1).

Study limitations

Retrospective studies, which rely on pre-existing data,
are susceptible to certain limitations, such as selection
bias and the accuracy of available clinical information.
In this study, for instance, the inclusion of patients
who were already critically ill and the use of historical
clinical records may have made it more challenging to
account for all potential influencing factors.

Turk J Intensive Care 2025;23(4):290-299

Additionally, as the data were collected from a single
center, the findings may not be generalizable to other
settings or populations. Furthermore, incomplete or
missing data for certain parameters could introduce
bias, potentially affecting the accuracy and reliability
of the results.

Conclusion

In conclusion, our study identified, age, APACHE Il
score, PCT and MAP as independent risk factors for
ICU mortality. The findings shown the importance of
early recognition, individualized management and
a multidisciplinary approach in improving sepsis
outcomes. The study underscores the heterogeneity
of sepsis and the need for tailored therapeutic
approaches. Early identification of high-risk patients
using validated scoring systems and biomarkers is
crucial to optimize outcomes.
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Global trends in sepsis and artificial intelligence studies in intensive care
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Yogun bakim nitelerinde yapay zeka ile sepsis ¢aligmalarinin kiiresel trend
konulari: Biblioshiny ile bibliyometrik analiz
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ABSTRACT

Objective: The aims of the study was to identify and visualize studies conducted between 2006 and 2025 in the fields of sepsis and artificial
intelligence in intensive care units, with the aim of revealing trends in this area.

Materials and Methods: The data were obtained from the Web of Science Core Collection database on May 2, 2025. Performance analysis,
visualization, mapping, and bibliometric analyses were performed using the R software program Biblioshiny interface. For bibliometric data,
a search was conducted in the WoS database using the keywords “intensive care” OR “ICU” OR “intensive care unit” OR “ICUs” AND
“artificial intelligence” OR “machine learning” OR “deep learning” AND ‘Sepsis’ OR “sepsis prediction” in all files. The analysis of the study
was conducted using 1,072 publication data.

Results: The study found that the average annual number of articles produced in intensive care units in the fields of sepsis and artificial
intelligence obtained from the WoS database was 2.76, with an annual growth rate of 27.63. A total of 1,072 articles were produced in 371
journals between 2006 and 2025. A total of 1,531 keywords were used. The average number of citations per publication was 18.13. It was
observed that authors used 2,255 keywords across all publications, 7,015 authors were involved in these publications, only 6 articles had a
single author, the average number of co-authors per article was 8.95, and the international co-authorship rate was 21.64%.

Conclusions: The results of the bibliometric analysis showed that studies in this field are extremely recent. Studies conducted between 2006
and 2025 on sepsis and artificial intelligence in intensive care units have been included in the literature.

Kewords: Atrtificial intelligence, bibliometric, Bibliyoshiny, intensive care unit, machine learning, sepsis
6z

Amag: Arastirmanin amaci, yogun bakim Unitelerinde sepsis ve yapay zeka alaninda 2006-2025 yillari arasinda yapilmis ¢alismalari belirlemek,
gorsellestirmek ve bu alandaki egilimleri ortaya koymaktir.

Gere¢ ve Yontem: Veriler 2 Mayis 2025 tarihinde Web of Science Core Collection veri tabanindan elde edildi. Performans analizi,
gorsellestirme, haritalama ve bibliyometrik analizler R yazilim programi Biblioshiny aray(izii kullanilarak yapildi. Bibliyometrik veriler icin WoS
veri tabaninda tiim dosyalarda “yodun bakim” VEYA “YBU” VEYA “yogun bakim Unitesi” VEYA “YBU’ler” VE “yapay zeka” VEYA “makine
6grenmesi” VEYA “derin 6grenme” VE ‘Sepsis’ VEYA “sepsis tahmini” anahtar kelimeleri kullanilarak arama yapildi. Arastirma evreni 1.896
olarak bulundu. Science Citation Index Expanded, Social Sciences Citation Index ve Emerging Sources Citation Index’te yayin dili, yil, Glkeler,
kurumlar, yazarlar ve yayin tiri aratildiginda ve yayin yili 2006-2025 ile sinirlandirildiginda 6érneklem blyukligundn 1.072 oldugu goéruldu.
Calismanin analizi 1.072 yayin verisi kullanilarak yapilmistir.
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Bulgular: Calismada WoS veri tabanindan elde edilen sepsis ve yapay zeka alanlarinda yogun bakim Unitelerinde Uretilen yillik ortalama
makale sayisinin 2,76 oldugu, yillik buylme hizinin ise 27,63 oldugu tespit edilmistir. 2006-2025 yillar arasinda 371 dergide toplam 1.072
makale Uretilmistir. Toplam 1.531 anahtar kelime kullaniimistir. Yayin basina ortalama atif sayisi 18,13'tir. Yazarlarin tim yayinlarda 2.255
anahtar kelime kullandigi, bu yayinlarda 7.015 yazarin yer aldigi, yalnizca 6 makalede tek yazarin yer aldigi, makale basina ortalama ortak
yazar sayisinin 8,95 oldugu ve uluslararasi ortak yazarlik oraninin %21,64 oldugu gortimustar.

Sonug: Bibliyometrik analiz sonugclari bu alandaki ¢alismalarin son derece yeni oldugunu gdstermistir. Yogun bakim Unitelerinde sepsis ve
yapay zeka konusunda 2006-2025 yillari arasinda yapilmis calismalar literattre dahil edilmistir. Calisma, yayin sayisinin 2019 yilindan itibaren
arttigini ve 2024 yilinda en ylksek saylya ulastigini gdstermistir. Calismada elde edilen sonuglarin sepsis ve yapay zeka alaninda yogun bakim
Unitelerindeki mevcut durumu degerlendirmek, alana genel bir bakis saglamak ve bu alanda yapilacak gelecekteki arastirmalara rehberlik

etmek amaciyla kullanilabilecegi dustunulmektedir.

Anahtar Kelimeler: Yapay zeka, bibliyometrik, Bibliyoshiny, yogun bakim tnitesi, makine 6grenmesi, sepsis

Introduction

Sepsis is a life-threatening condition resulting from a
dysregulated host response to infection and remains
one of the leading causes of morbidity and mortality
worldwide (1-5). In intensive care units (ICUs), where
the most critically ill patients are treated, early
diagnosis and prompt intervention are crucial to
reducing mortality (6). Although clinical tools such
as the Systemic Inflammatory Response Syndrome
(SIRS), Modified Early Warning Score (MEWS),
and Sequential Organ Failure Assessment (SOFA)
are used to aid in sepsis diagnosis, early detection
remains a major challenge due to the syndrome’s
heterogeneous nature and variable presentation (7,8).

The widespread adoption of electronic health
records (EHRs) has resulted in the accumulation of
large volumes of patient information; however, the
heterogeneous and unstructured nature of these
data presents significant analytical challenges. In
this context, artificial intelligence (Al), particularly
machine learning (ML) techniques, has emerged as
a promising approach for handling complex clinical
data and facilitating earlier identification of sepsis
(9- 11). Previous studies indicate that these Al-driven
approaches contribute to improved clinical outcomes,
such as decreased mortality rates and reduced
lengths of stay in intensive care units, by supporting
timely clinical interventions (12,13).

Although several systematic reviews and retrospective
analyses have explored the application of artificial
intelligence in sepsis prediction (14,15), no bibliometric

investigation has been conducted to comprehensively
evaluate global research patterns, collaborative
networks, and the evolution of key themes in
this domain. This lack of bibliometric evidence
underscores the necessity of a detailed mapping of
the existing literature to inform and guide the future
development of Al-supported sepsis management
strategies in intensive care settings.

The present study seeks to map and critically assess
worldwide scientific trends in research on artificial
intelligence applications for sepsis in intensive care
units by employing bibliometric techniques through
the Biblioshiny platform. By identifying the most
influential publications, authors, and collaboration
networks, this study intends to provide guidance for
future interdisciplinary research and emphasize the
value of integrating Al into critical care practices.

Research questions
* What is the publication trend by year?
* What is the annual number of citations?

e What is the co-occurrence map of author
keywords?

e What are the nodes and clusters formed by
keywords?

* Who are the most productive authors?

* What are the most influential journals?

influential for

* Which country is the most

publications?
* What are the thematic maps like?

¢ What is the thematic evolution like?

Turk J Intensive Care 2025;23(4):300-314
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Methods ALL=(‘ICUs’)) AND ALL=(“artificial intelligence ”))

OR ALL=(“Machine Learning” )) OR ALL=(“deep
Study design learning”)) AND ALL=(“Sepsis” )) OR ALL=(“Sepsis

In this study, a descriptive and evaluative bibliometric
analysis of articles published on sepsis and Al in ICU
was performed. The bibliometric analysis method
provides researchers with a broader literature profile
through performance analysis, visualization and
relationship analysis (16). Therefore, bibliometric
analysis was used in this study for a deeper research
and to reveal the relationship of social networks with
the tracking of trends.

Data collection

This study consists of a dataset of 1,072 open access
articles obtained from the WoS database. In this
study, research published in the Web of Science Core
Collection (WoSCC) database on sepsis and artificial
intelligence in intensive care units was examined from
a bibliometric perspective with the aim of revealing the
current situation at the international level. An important
point in bibliometric analyses is the databases from
which the data set will be obtained. Currently, there
are multiple databases available for bibliometric
analyses. Among the most frequently used databases
are PubMed, Embase, Scopus, SpringerLink, Google
Scholar, and ScienceDirect. These databases
possess distinct characteristics (17). Compared to
Scopus and Google Scholar, the WoS database is
a more reliable database due to its broader journal
and citation archive, which dates back to earlier
years, its inclusion of journals with higher impact
values, its effective access to bibliographic data, and
its larger number of publications. Therefore, as in
many bibliometric studies, it has been the preferred
database for obtaining data in this study (18-22). The
data for the study were obtained from the “Web of
Science (WoS) Core Collection” database on May
2, 2025, from among the open access publications
found between 2006 and 2025. For bibliometric data,
an advanced search was performed in all files in the
WoS database ((((((( ((ALL=("intensive care”)) OR
ALL=(“ICU”)) OR ALL=(“intensive care unit’)) OR

Turk J Intensive Care 2025;23(4):300-314

Prediction”)) and Open Access and Article (Document
Types) and Science Citation Index Expanded (SCI-
EXPANDED) or Emerging Sources Citation Index
(ESCI) or Social Sciences Citation Index (SSCI) and
English (Languages) The research universe was
found to be 1896. When the publication language,
year, countries, institutions, authors, and publication
type were searched in the Science Citation Index
Expanded, Social Sciences Citation Index, Emerging
Sources Citation Index, and the publication year
was limited to 2006-2025, the sample was found to
be 1072. The analysis of the study was performed
on 1072 publication data. The studies comprising
the research dataset were selected from the WoS
database according to publication acceptance criteria
and are presented in the publication flow diagram
(Figure 1).

Data analysis

All information related to publications has been filtered
according to research acceptance criteria. After
filtering, the record contents of 1,072 publications
obtained from the WoS database were selected as full
records and references. Publications between 1 and
500 were exported as file 1, those between 501 and
1,000 as file 2, and those between 1,001 and 1,072 as
file 3in BibTEXformat. The files containing the exported
data were combined into a single file in the BibTEX file
for analysis and organized in the R software program
interface to be suitable for analysis. The Biblioshiny
program, which is preferred for bibliometric analysis,
was loaded into the R software program interface
as the analysis tool. Biblioshiny facilitates the visual
representation of interconnections among scientific
publications, allowing documents to be organized
according to shared thematic characteristics (23).
By offering a userfriendly interface, Biblioshiny
streamlines the otherwise complex process of
thematic analysis, rendering it more accessible,

interpretable, and efficient. Identifying thematic
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Number of studies accessed from Web of Science Core Collection database

(2006- 2025)

Publications between 2006-2025 (N= 1896

Number of open access publications
(n=1303)

Publication type
Article (n=1074)

l

WoS Index

SCIE (n=961)
ESCI (n=102)
SSCI (n=51)

Countries with 5 or more
publications

Peoples R China (n=366)
USA (n=359)

English publications (n=1072)

Germany (n=77)

l

Studies included in the research
(n=1072)

Figure 1. Publication selection flow diagram

patterns and emerging trends within the scientific
literature is essential for supporting researchers and
policymakers in recognizing both current priorities
and prospective research trajectories (24).

Within the framework of general structure analysis,
Biblioshiny provides comprehensive information on
datasets, journals, and authors, alongside descriptive
bibliometric indicators and analyses of intellectual
structure. These evaluative bibliometric analyses
encompass conceptual, social, and intellectual
dimensions of the literature. In network visualizations,

nodes denote the core analytical units, such as

keywords, authors, orresearchtopics (25). Forinstance,
keyword-based analyses enable the examination of
popularity trends within specific research domains.
Connections between nodes, represented as links,
reflect the relationships and associations among
these elements, with the existence of a link indicating
a meaningful connection (26).

Clustering techniques group nodes with similar or
related characteristics, thereby highlighting collections
of elements that converge around particular themes or
subject areas (27). Furthermore, node attributes such
as size or color are used to represent quantitative
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or qualitative metrics; for example, the frequency of
a keyword within the literature can be inferred from
node size (28). Finally, the overall topology of the
bibliometric map illustrates the structural relationships
among themes, providing insight into how different
research areas are interconnected.

Clusters connected by dense links may indicate a
strong relationship (23). Obvious gaps or anomalies
in the map may indicate areas that have not been
sufficiently researched in the literature or unexpected
relationships (28). In this study, thematic maps, trend
topics, and thematic evolution analyses were used to
focus on thematic trends and the evolution of studies.
The four quadrants in the thematic map are defined
as follows:

1. Motor themes: The clusters in the upper right
quadrant are highly developed and important themes.
This quadrant consists of strong themes. The centrality
and density of the clusters are high.

2. Niche themes: The upper left quadrant consists of
clusters with low centrality and high density. These
clusters have few but strong connections with other
themes.

3. Basic themes: The clusters in the lower right are
themes that have many connections with other themes
but weak relationships.

4. Emerging or declining themes: Clusters in the lower
left quadrant represent themes with few and weak
connections to other themes (29,30).

Results

Characteristics of publications

When examining the distribution of publications by
year, it was observed that the first publication within
the data set was made in 2006 (n=1) and contributed
0.093 to the current publications, that there has been
an upward trend in the number of publications since
2019, and that there has been significant growth in
the number of publications between 2021 and 2022.
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Table 1. Distribution of publications by years (2006-2025)

Publication Years Record Count % of 1.072
2024 247 23.041
2023 211 19.683
2022 178 16.604
2021 157 14.646
2025 98 9.142
2020 80 7.463
2019 47 4.384
2017 18 1.679
2018 18 1.679
2016 8 0.746
2014 4 0.373
2015 2 0.187
2006 1 0.093

In 2024, the highest number of publications was
recorded (n=247), accounting for 23.041% of the total
(Table 1).

As a result of bibliometric analysis, it was found that
there were 1,072 articles published, with an average of

Table 2. Basic information on bibliometric analysis

Description Results
Main Information About Data

Timespan 2006:2025
Sources (Journals) 371
Documents 1072
Annual Growth Rate % 27,63
Document Average Age 2,76
Average citations per doc 18,13
References 1
Document Contents

Keywords Plus (ID) 1531
Author's Keywords (DE) 2255
Authors

Authors 7015
Authors of single-authored docs 6
Authors Collaboration

Single-authored docs 6
Co-Authors per Doc 8,95
International co-authorships % 21,64
Document Types

Article 1072
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2.76 articles produced annually in the field of sepsis
and artificial intelligence, and an annual growth rate
of 27.63. Between 2006 and 2025, 1,072 articles were
produced in 371 journals. A total of 1,531 keywords
were used. The average number of citations per
publication was 18.13. It was observed that authors
used 2,255 keywords for all publications, 7,015 authors
were involved in these publications, there were only 6
single-authored articles, the average number of co-
authors per article was 8.95, and the international co-
authorship rate was 21.64% (Table 2).

Regression analysis results regarding the accuracy of
trends in publication growth

Linear regression analysis was performed to evaluate
the change in the number of publications over the
years. As aresult of the analysis, it was found that there
was a statistically significant increase in the number
of publications over the years (Trend coefficient =
12.27; R2 = 0.6082; p = 0.0006). These findings reveal
that the increase in publications is not random and
shows a consistent development in time. In addition,

the explanatory power of the model is moderately
strong, which supports the relationship between the
regression line and the number of publications. The
addition of these statistical tests increased the rigor
of our analysis. “As a result of the linear regression
analysis, it was determined that the number of
publications increased significantly over the years (O
= 12.27, p = .0006, R2 = .608). This situation reveals
that the productivity in the literature increased by an
average of 12.27 publications per year during the
period covered by the study. The 95% confidence
interval of the trend coefficient is [6.92, 17.62], which
indicates a steady growth in academic production.”
(Graphic 1).

Interpretation of Publication Trend Coefficient

1. Trend Coefficient (B; = 12.27 publications/year):
This coefficient shows that there has been an average
increase of 12.27 publications per year throughout the
years examined. This indicates that academic interest
in the relevant scientific field has been increasing and
productivity has been steadily increasing.

Number of Publications and Trends by Year

300
250 y =12.269x - 24680
200 Rz =0.6082

Publication number

247

211 @
178 @

2030

Publication Year

@ Publication Number

Graphic 1. Linear regression analysis

Linear (Publication Number)
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2. R2 (0.608): The explanatory power of the model, R2,
is 60.8%. This means that approximately 61% of the
changes in the number of publications are explained
by the time (year) variable. In other words, the model
shows a medium-high level of fit with the data.

3. p-value (0.0006): The trend coefficient obtained is
statistically significant (p < 0.05). This shows that the
increase in the number of publications over the years
is not random, but rather a consistent and significant
upward trend over time.

4. 95% Confidence Interval ([6.92, 17.62]): This interval
shows that the annual publication increase is between
6.92 and 17.62 with a 95% probability. This proves that
the increase is not only significant in the average but
also in a safe interval (Graphic 1).

Trend topics and most influential journals

It has been reported that 1414 keywords were used as
author keywords in studies conducted in intensive care
units in the field of sepsis and artificial intelligence. The
most frequently used author keyword cloud in studies
conducted in intensive care units in the field of sepsis
and artificial intelligence is shown in Figure 2. As the
frequency of words increases, the keywords appear
larger in the word distribution. Accordingly, the most
frequently used author keywords are machine learning
(429 times), sepsis (414 times), artificial intelligence (93
times), prediction (67 times), mortality (67 times), deep
learning (42 times), critical care (40 times), intensive

prediction mmnlm o e ey
__-:anmcnal mtelllgence =

Figure 2. Author keyword clouds
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care unit (43 times), machine (38 times), learning (42
times), and septic shock (28 times) (Figure 2).

Figure 3 shows the co-occurrence map of author
keywords. When creating this map, the number of
nodes was set to 50 and the word co-occurrence ratio
was set to 2. The higher the word co-occurrence ratio,
the larger the nodes and words. The color of the nodes
indicates the word co-occurrence. Sepsis and machine
learning were the most frequently co-occurring words.
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Figure 3. Keyword node and co-occurrence map
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The co-occurrence network of studies conducted in
intensive care units in the fields of sepsis and artificial
intelligence can be categorized into three clusters.
The first cluster (red) contains the words Artificial
(Betw = 0.15) and intelligence (Betw = 0). The second
cluster (blue) includes machine learning (Betw =
408.98), sepsis (Betw = 409.43), artificial intelligence
(Betw = 20.52), prediction (Betw = 5.04), mortality
(Betw = 5.88), deep learning (Betw = 1.91), critical
care (Betw =1.27), intensive care unit (Betw =1.10),
septic shock (Betw =0.49), prediction model (Betw
=0.45), acute kidney injury (Betw =0.67), biomarkers
(Betw =3.87), electronic health records (Betw =1.15),
COVID-19 (Betw =0.20), mortality prediction (Betw
=0.16), biomarker (Betw =3.87), mortality prediction
(Betw =0.16), decision support (Betw
=0.03), infection (Betw =0.06), prognosis (Betw
=0.04), diagnosis (Betw =0.13), intensive care (Betw
=0.003), predictive modeling (Betw =0), electronic
health record (Betw =1.15), ICU (Betw =0.17), sepsis
prediction (Betw =0), early detection (Betw =0),
neonatal sepsis (Betw =0), prognostication (Betw

clinical

Trend Topics

transformer -

single-cell rna sequencing -
models -

immune infiltration -
predictive model -
bioinformatics -

machine learning -

sepsis -

artificial intelligence -

intensive care unit -

Term

machine -

electronic health records -
mortality prediction -

infection -

neural networks -

clinical decision support systems -
classification -

severe sepsis -

medical informatics -

=0), artificial (Betw = 0), big data (Betw = 0), care
(Betw = 0), clinical decision support systems (Betw
= 0), critical illness (Betw = 0), EHR (Betw = 0),
intensive care units (Betw = 0.04), logistic regression
(Betw = 0), Al (Betw = 0.19). The third cluster (green)
consists of the words learning (Betw = 3.42), machine
(Betw = 3.28), predictive models (Betw = 0.005), and
heart rate variability (Betw = 0.004). The keywords in
the second cluster are more suitable for researchers
conducting studies in the field of intensive care sepsis
artificial intelligence (Figure 3). The analysis revealed
that “machine learning” was mentioned 428 times
and “sepsis” 414 times among the most frequently
studied trending topics between 2021, 2023, and 2024
(Figure 4).

Kamaleswaran R (17 publications), Nemati S (16
publications), Das R (16 publications), and Wang Y
(15 publications) were found to be the most prolific
authors. Most of the studies were produced in Peoples
R China (n=366), USA (n=359), and Germany (n=77).
Most of the studies were published in Scientific
Reports (68 publications; H index 17), Frontiers in

o
e
e
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Figure 4. Trend topics

2020

2022
2024
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Turk J Intensive Care 2025;23(4):300-314



308 Terzi B and Azizoglu F. Bibliometrics analysis on sepsis and Al

Medicine (48 publications; H index 12), Frontiers in Care (21 publications; H-index 11), and PLOS ONE
Immunology (40 publications; H-index 11), Critical (30 publications; H-index 11) (Figure 5 and Figure 6).
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Figure 5. Distribution of most influential journals (Bradfor’s Law)
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Figure 6. Impact of journals according to H index
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It is a model defined by Samuel C. Bradford in 1934
that predicts the exponentially decreasing returns
of searching for references in scientific journals.
According to Bradford’s Law, core journals containing
the largest number of publications on a given topic
are followed by second and third groups of journals
containing fewer and fewer related publications,
respectively. This law indicates that scientific
knowledge is concentrated in a limited number of
journals. Articles published on a scientific topic are
distributed in journals containing progressively fewer
articles, starting with core journals. This distribution
follows a specific logarithmic pattern (31,32).

Tematic map

The theme typology of research in intensive care
units in the field of sepsis and artificial intelligence
is shown in Figure 7. In the thematic map analysis,
the number of words is 100, the minimum cluster

Niche Themes

emergency

bioinformatics
immune
infiltration

Development degree
(Density)

bibliometric analysis

Emerging or
Declining Themes

frequency is 3, and the number of levels per cluster
is 3 (Figure 7). The motor themes in the upper right
quadrant are characterized by both higher density
and higher centrality and consist of words such as
prevention intensive care unit and deep learning. The
upper left quadrant, on the other hand, has lower
centrality and higher density, contains niche themes,
and shows insignificant external connections of
limited importance, such as bioinformatics, immune,
infiltration, heart rate variability, feature extraction
pediatrics, and emergency. The lower right quadrant
shows basic themes with lower density but higher
centrality and includes words such as machine
learning, sepsis, artificial intelligence, and sepsis
prediction. The lower left quadrant shows themes
with lower centrality and lower density. In particular,
it includes words related to sepsis and artificial
intelligence in intensive care units, which have low
centrality and low density.

' Motor Themes

heart rate variability
feature extrac‘tiop
pediatrics

prediction
intensive care unit
deep learning

machine learning
sepsis
artificial intelligence
learning
machine
sepsis prediction

artificial
intelligence
risk factors
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Figure 7. Thematic map
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Figure 8. Thematic evaluation of keywords by year
Figure 8 shows the thematic evolution of author Discussion
keywords in four stages. Thematic evolution analysis
This bibliometric review, encompassing 599

enables the discovery of evolutionary correlations and
trends in thematic contexts and evolutionary trends
in structures (18). Figure 8 shows the correlation
between different themes and their progress over a
period of approximately 19 years: 2006-2021; 2022-
2022; 2023-2023; 2024-2024 and 2025; 2025, divided
into five stages. Between 2006 and 2021, the most
frequently used keywords in the early years were
electronic records, intensive care unit, intensive care,
diagnosis, and machine learning, while in 2022,
the keywords were machine learning, diagnosis,
electronic records, intensive care, and bacteria. In
2023, the keywords that stood out were mortality rate
prediction, deep learning, system, and bacteremia. In
2024, studies using author keywords such as intensive
care unit, pediatric sepsis, sepsis, and deep learning
are prominent. In 2025, the keywords deep learning,
diagnosis, sepsis, artificial intelligence, and neonatal
deaths are prominent (Figure 8).
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publications published between 2006 and 2025,
offers an in-depth depiction of the progression and
transformation of artificial intelligence (Al) research
related to sepsis within intensive care unit (ICU)
settings. A substantial growth in the number of
publications has been evident from 2019 onward,
reaching its highest point in 2022. This escalation is
likely associated with the expanding adoption of digital
health technologies and the heightened emphasis
on early sepsis identification during the COVID-19
pandemic.

In contrast to conventional bibliometric analyses
focusing on sepsis research (32,33), the present study
identifies a distinct evolution in thematic priorities.
Earlier investigations predominantly highlighted terms
such as “ICU” and “septic shock,” whereas more
recent literature increasingly concentrates on concepts
including “machine learning,” “predictive modeling,”
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and “deep learning.” This transition underscores
the growing reliance on data-driven methodologies
for early sepsis recognition, which may address the
inherent limitations of traditional clinical scoring
systems, such as SIRS and SOFA (34-36). The rising
prominence of predictive modeling further suggests
a research response to clinical demands for earlier
and more personalized interventions among critically
il patients.

Moreover, the frequent occurrence of keywords such
as “mortality,” “biomarkers,” and “electronic health
records” reflects a multidisciplinary orientation that
combines Al techniques with clinical diagnostic
processes. Analytical approaches including logistic
regression, neural networks, and nomogram-based
models are commonly applied in model construction,
indicating a shift from purely conceptual development
toward practical implementation in real-world ICU
environments. Supporting this progression, prior
studies have demonstrated that machine learning
algorithms are capable of predicting sepsis up to 12
hours before clinical onset (11), and systems such
as the NAVOY Sepsis model have shown promising
proof-of-concept performance in
contexts (6).

intensive care

Nevertheless, despite the considerable potential of
artificial intelligence, only alimited number of predictive
models have undergone sufficient validation for routine
clinical application. Factors such as heterogeneity
in data sources, limited model transparency and
interpretability, and regulatory constraints continue to
impede broad implementation (9,12,13). Furthermore,
a substantial proportion of Al-driven sepsis research
relies on retrospective datasets and lacks rigorous
external validation, which restricts the generalizability
of reported findings.

When the expansion rate of Al-focused sepsis studies
(831.19%) is compared with bibliometric patterns
observed in other intensive care conditions, including
pneumonia and cardiac arrest (20,36,37), a broadly

comparable growth pattern emerges. However,
research on Al applications in sepsis demonstrates a
notably sharper increase over the past five years. This
accelerated growth indicates that sepsis may function
as a sentinel condition, signaling broader innovation
and adoption of artificial intelligence within the critical
care domain.

According to the results of this analysis, Das R. was
identified as the most productive author in this research
field, while Scientific Reports was recognized as the
leading journal in terms of influence. Together, these
findings highlight key contributors and publication
platforms that play a central role in shaping the
development and dissemination of Al-based sepsis
research.

Several limitations of this study should be
acknowledged. First, restricting the data source
to the Web of Science database may have led to
the omission of relevant publications indexed in
other repositories, such as PubMed, Scopus, or
leading artificial intelligence—oriented conference
proceedings. This restriction may have resulted
in selection bias, favoring certain journals and
geographic regions. Additionally, while bibliometric
approaches are effective for examining publication
patterns and citation performance, they do not
provide an assessment of the methodological rigor or
the clinical effectiveness of individual studies.

In summary, the present analysis offers a systematic
depiction of research focal points and developmental
trends in Al-supported sepsis research within
intensive care units. The growing focus on predictive
analytics, early detection strategies, and clinical
decision support systems suggests a trajectory in
which artificial intelligence may substantially influence
future sepsis management. Nonetheless, further
prospective investigations and validation studies
conducted in real-world clinical settings are essential
to close the gap between technological advancement
and practical implementation in routine care.
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Study limitations and strengths

The most important limitation of this study is that
the literature review is limited to the data obtained
from the WoS database. Another limitation is that the
publications belong to the time period between 2006
and 2025 when the literature review was conducted. If
a similar study is conducted in a different time period,
different results may be obtained. Apart from the
limitations, the study also has some strengths. The
current study shows that publications can achieve a
high level of visibility even in subspecialty journals.
This once again emphasizes the potential value
of the methodology used in the study, as further
examination of publications outside of high-impact
publications that receive high levels of attention
could help researchers to better understand how to
promote their work. Furthermore, the interaction with
sources reflected in the bibliometric analysis result
could support the creation of potential studies for
researchers if grant funders start to take them into
account despite the acknowledged limitations.

Conclusion

This study provides important data on sepsis and
artificial intelligence applications in intensive care
units. The results of the bibliometric analysis show
that studies in this field are extremely recent. Studies
on sepsis and artificial intelligence in intensive care
units between 2006 and 2025 have been included
in the literature. The number of publications has
increased steadily since 2019, reaching its highest
number in 2024. After the COVID-19 pandemic, sepsis
and artificial intelligence applications have emerged
as an important field of study. Recent studies have
focused on clinical models, decision support systems,
and machine learning. While studies in the fields of
mortality, sepsis, and intensive care were prevalent in
the early days, in recent years, studies using keywords
such as machine learning, clinical decision support,

Turk J Intensive Care 2025;23(4):300-314

output, big data, artificial intelligence machine
learning, sepsis, and COVID-19 have become more
common. Therefore, the results of this study are quite
important in guiding researchers regarding gaps in
the literature. It is thought that the results obtained
in this study can evaluate the current situation in
intensive care units in the field of sepsis and artificial
intelligence, provide a general overview of the field,
and guide future research in this area.

There are gaps between research and clinical
application of Al-based sepsis prediction models. To
bridge these gaps; itis recommended that prospective
clinical studies be conducted to evaluate Al-sepsis
models, that Al models that include multimodal data
(e.g. vital signs, genomics, imaging) be developed,
and that ethical concerns and explainability of Al be
addressed in the clinical decision-making process.
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Drug-induced hepatotoxicity among critically ill patients in the intensive care
unit
Yogun bakim {nitesindeki kritik hastalarda ila¢c kaynakl hepatotoksisite
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ABSTRACT

Background: Drug-induced liver injury (DILI) is a significant complication in intensive care unit (ICU) patients, driven by polypharmacy and
critical iliness. This study aimed to investigate the incidence, clinical characteristics, implicated agents, and outcomes of DILI in ICU patients.

Methods: This retrospective, cross-sectional study included patients with abnormal liver function tests admitted to a tertiary ICU between
October 2023 and October 2024. Patients with viral, alcoholic, autoimmune, tumor-related, or other non-drug-related liver diseases were
excluded. Data on demographics, clinical scores, medications, and outcomes were analyzed. Causality was assessed using the RUCAM
scale.

Results: Among 475 ICU patients, 16 cases (9.89%) were identified as DILI. The mean age was 47.1+23.6 years; 43.8% were female.
Antibiotics were the most frequently implicated agents (62.5%), followed by anticoagulants and antipsychotics. The predominant pattern of
liver injury was hepatocellular (81.3%). DILI developed approximately 9.5+5.2 days after ICU admission. Mortality among DILI patients was
56.3%, emphasizing the critical nature of hepatotoxicity in this population.

Conclusion: DILI in ICU patients is strongly associated with anti-infectives, particularly B-lactam antibiotics, and predominantly manifests
as hepatocellular injury. High mortality underscores the need for vigilant liver monitoring, timely withdrawal of suspected drugs, and a
multidisciplinary approach where clinical pharmacists can play a key supportive role. DILI may contribute to morbidity and mortality in
critically ill patients, highlighting the importance of early recognition and proactive management.

Keywords: Drug-induced hepatotoxicity, critically ill patients, Hepatocellular injury, Polypharmacy

6z
Amag: ilac kaynakll karaciger hasari (DILI), yodun bakim nitesi (YBU) hastalarinda polifarmasi ve kritik hastalik nedeniyle énemli bir

komplikasyondur. Bu galisma, YBU hastalarinda DILI insidansi, klinik ézellikleri, etkilenen ilaglar ve sonuglarini arastirmayr amagladi.

Yontem: Retrospektif, kesitsel olarak tasarlanan calismaya, Ekim 2023-Ekim 2024 arasinda YBU'’ye yatisi yapilan ve anormal karaciger
fonksiyon testleri gérilen hastalar dahil edildi. Viral, alkolik, otoimmn, timoér iliskili veya diger ilac disi karaciger hastaliklari olanlar calisma
disi birakildi. Demografik veriler, klinik skorlar, kullanilan ilaclar ve sonuglar analiz edildi. Nedensellik degerlendirmesi RUCAM skalasi ile
yapildi.
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Bulgular: 475 YBU hastas arasinda 16 (%9,89) DILI vakasi tespit edildi. Ortalama yas 47,1+£23,6 yil; ve hastalarin %43,8'i kadin idi. Hasara en
sik yol acan ilag grubu antibiyotikler (%62,5) olup, bunu antikoagilanlar ve antipsikotikler izledi. Karaciger hasari cogunlukla hepatoselltler
(%81,3) idi ve DILI yatistan ortalama 9,5+5,2 gliin sonra gelisti. DILI hastalarinda mortalite %56,3 olarak g&zlendi.

Sonug: Yogun bakim hastalarinda goérulenilag kaynakli karaciger hasari (DILI), 6zellikle B-laktam antibiyotikler olmak tizere anti-infektiflerle guclu
bir iliski gdstermekte ve cogunlukla hepatoseltler hasar seklinde ortaya citkmaktadir. Yiksek mortalite nedeni ile, karaciger fonksiyonlarinin
dikkatle izlenmesi, stpheli ilaclarin zamaninda kesilmesi ve klinik eczacilarin kilit destek rolu Ustlendigi ¢ok disiplinli bir yaklasim gereklidir.
DILI, kritik hastalarda morbidite ve mortaliteyi arttirabilir; bu da erken tani ve proaktif yonetimin énemini ortaya koymaktadir.

Anahtar kelimeler: ilag kaynakli hepatotoksisite, Kritik hastalar, Hepatoselliiler hasar, Polifarmasi

Introduction

Drug-induced hepatotoxicity (DIH), also known
as drug-induced liver injury (DILI), represents a
pathological response to both synthetic and natural
compounds, which can be acute or chronic (1).
While its incidence is relatively low, DILI remains
a major cause of acute liver failure in Europe, the
United States, and Australia (2). The global annual
incidence of DILI is estimated to range between 14
and 19.1 cases per 100,000 individuals exposed to
potential hepatotoxic agents, with approximately 30%
of affected patients developing jaundice (3). Key risk
factors for DILI include female sex, advanced age, and
an elevated body mass index (BMI) (4,5). More than
1,000 pharmaceutical drugs and herbal compounds
are known to be hepatotoxic and are cataloged in the
LiverTox database, a searchable resource (6). Other
factors that may increase susceptibility to DILI include
pre-existing liver disease, concomitant medication
use, high dosages, the lipophilicity of the drug, and
genetic predispositions (7).

DILI is typically classified into two mechanisms:
predictable intrinsic (dose-dependent) and
unpredictable (dose-independent). Unpredictable
reactions, also known as immune-mediated
hypersensitivity or non-immune reactions, occur in a
smaller proportion of individuals (8). Intrinsic DILI is
usually dose-dependent, affects a significant number
of individuals, and has a short onset (hours to days)
(9). Idiosyncratic DILI, on the other hand, is dose-
independent but typically requires a threshold dose of
50-100 mg/day. It can be classified into hepatocellular,
cholestatic, or mixed patterns and further divided into
immune-mediated (allergic) or non-immune-mediated
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reactions. Immune-mediated cases are characterized
by fever, rash, eosinophilia, and autoantibodies,
whereas non-immune-mediated cases lack these
features and have a delayed onset (10).

Approximately half of DILI cases are attributed
to acetaminophen overdose. In addition to
acetaminophen, DILI can beinduced by various agents,
with commonly reported ones being anti-tuberculosis
agents such as isoniazid and rifampicin; antibiotics
such as amoxicillin-clavulanate, tetracyclines, and
macrolides; NSAIDs such as diclofenac; antifungal
agents; antiepileptics; and halothane (8,11).

Liver injury is typically detected through biochemical
testssuchasalanineaminotransferase (ALT), aspartate
aminotransferase (AST), alkaline phosphatase (ALP),
and total bilirubin (TBL). In a 2011 expert working
group, a new definition for drug-induced liver injury
(DILI) was proposed, including ALT elevation =5
times the upper limit of normal (ULN), ALP elevation
=2 times ULN (with an accompanying increase in
gamma-glutamyltransferase (GGT)), or ALT =3 times
ULN with a simultaneous increase in total bilirubin
concentration above 2 times ULN. Hepatocellular
injury is classified when the ALT/ALP ratio is =5,
cholestatic injury occurs with ALP =2 times ULN or
an ALT/ALP ratio of <2, and mixed injury is identified
when the ALT/ALP ratio is between 2 and 5.

Total bilirubin (TBL) is typically normal until the later
stages of DILI, and alkaline phosphatase (ALP) levels
are generally normal, although mild elevations (usually
<2x ULN) may occur. Gamma-glutamyltransferase
(GGT) levels can vary widely, with values ranging from
low normal to >400 U/L. It is important to note that the
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majority of clinical trials utilize the ULN values from the
central laboratory employed for the study, which can
vary due to differences in reference populations and
analytical variations in commercial assays (12,13)

A variety of scales have been developed to assess the
causality of drug toxicity objectively (14). Among these,
the CIOMS Roussel-Uclaf Causality Assessment
Method (RUCAM) scale, the Maria & Victorino System,
and the Clinical and Diagnostic Scale (CDS) are widely
used, with RUCAM being the most commonly applied
(15). Since drug-induced hepatotoxicity can present
with symptoms similar to hepatobiliary disorders, it is
crucial to conduct a comprehensive drug history when
DILI is suspected. The diagnostic process begins by
collecting detailed information, including the type of
drug, dosage details (such as frequency, duration, and
any adjustments), and the timing of symptom onset. A
multidisciplinary approach involving the doctor, clinical
pharmacist, and nurse is necessary for diagnosis, and
regulatory agencies must be informed to evaluate the
possibility of removing suspect drugs from the market
(5). Clinical pharmacists play a pivotal role in the
patient-centered diagnosis and treatment process,
offering professional pharmaceutical expertise and
comprehensive medication management. At our
hospital, clinical pharmacists are integral in optimizing
the DILI management model, providing timely and
appropriate treatment recommendations for patients
with DILI (16).

The aim of our study is to investigate the various
causes of drug-induced liver injury, analyze the
different patterns and outcomes of DILI in patients,
and assess the role of the clinical pharmacist in
managing this condition.

Methods

Study design

This retrospective, cross-sectional study was
conducted between October 1, 2023, and October 1,
2024, on patients admitted to the third-level intensive

care unit of a training and research hospital. The study
focused on patients with elevated liver function and
investigated DILI. The sample size of the study was
determined based on the existing dataset without prior
statistical power calculations. The number of patients
included in the study was based on the available data.

Data collection

Data were collected from the hospital’s information
management system. The study investigated the
potential liver injury associated with the medications
used in the treatment process of patients with elevated
liver function. During data collection, liver function
tests of patients were examined without specifically
focusing on the presence of a clear drug relationship
with DILI.

Inclusion criteria

Patients who fulfiled at least one of the clinical
biochemical criteria for the diagnosis of drug- DILI
were included in the study. These criteria include
abnormal results in biochemical tests such as ALT,
AST, ALP, and total bilirubin. Patients meeting these
criteria were included to allow for the investigation of
drug-induced liver injury.

Exclusion criteria

Patients with viral liver diseases, alcoholic liver
disease, autoimmune liver disease, cholestatic liver
diseases, infections (e.g., liver abscess), sepsis
induced liver dysfunction, hepatobiliary pancreatic
tumors, pancreatitis, direct liver injury, osteopathy,
cirrhosis, and other drug-independent or unknown
liver injuries were excluded from the study.

Diagnostic criteria

DILI is typically diagnosed and confirmed through
abnormal results in biochemical tests such as ALT,
AST, ALP, and total bilirubin. In 2011, an international
expert working group proposed new criteria for the
diagnosis of DILI. According to these criteria, an
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318

Giil F. and Under D. Drug-induced liver injury

increase in ALT =5 times the upper limit of normal
(ULN) or ALP =2 times the ULN, particularly in the
presence of elevated gamma-glutamyltransferase
(GGT), and in the absence of known bone pathologies
influencing ALP elevation, should raise suspicion for
DILI. Additionally, a simultaneous elevation of ALT =3
times the ULN and total bilirubin concentration >2
times the ULN is considered a significant diagnostic
criterion for DILI.

In our study, the type of liver injury is determined
by the ALT/ALP ratio and ALT levels. When the ALT/
ALP ratio is =5, the clinical condition is classified as
hepatocellular. A rise in ALP of twofold or more, or an
ALT/ALP ratio of <2, indicates a cholestatic condition.
When the ALT/ALP ratio falls between 2 and 5, the
clinical condition is considered mixed liver injury.

Ethical approval

The study was approved by the Marmara University
Medical Faculty Research and Ethics Committee
(09.2024.1229). The confidentiality of personal data
was maintained, and all data were collected while
ensuring patient anonymity. Informed consent was not
obtained due to nature of the study.

Statistical analysis

The data collected in this study were analyzed using
SPSS version 22.00. The Shapiro-Wilk test was
employed to assess the normality of the distribution
for numerical variables. Categorical variables were
expressed as frequencies and percentages. Numerical
variables with normal distribution were presented as
mean = standard deviation, whereas non-normally
distributed variables were expressed as median
and interquartile ranges (IQR). For comparisons of
numerical variables, the Independent Samples t-test
was used; if the assumptions of this test were not
met, the Mann-Whitney U test was applied instead.
The Chi-square test was used for comparisons of
categorical variables; when the assumptions of the
Chi-square test were not fulfilled, Fisher’'s exact test
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was performed. A p-value of <0.05 was considered
statistically significant.

Results

Among 475 patients admitted to the intensive care
unit, altered liver test results were detected in 47
patients. Of these, 31 cases of hepatic enzyme
elevation were attributed to non-drug-related causes,
while 16 cases were identified as drug-induced liver
injury (DILI) (Figure 1). The one-year incidence of DILI
was calculated as 9.89%. The mean age of patients
with DILI was 471%+23.6 years; 7 patients (43.75%)
were female and 9 (56.25%) were male (Table 1). The
median Charlson Comorbidity Index (CCI) score was
1 (1-3).

The most common ICU admission diagnoses among
patients who developed DILI
hemorrhage or cerebral lesions (4 patients; 25%) and
postoperative follow-up (4 patients; 25%). Additionally,

were intracranial

3 patients (18.8%) were admitted due to status
epilepticus. The median APACHE Il score was 18 (15—
21) and the median SOFA score was 6 (4-8).

More than half of the patients with DILI (9 patients;
56.3%) were receiving eight different medications
during treatment. The minimum number of medications
administered was five. More than half of the patients
(9; 56.3%) required vasopressor support. Table 2
shows each patient’s SOFA score on the day of peak
liver enzyme elevation, vasopressor use, and average
daily dose of paracetamol. Of the 16 DILI patients, 15
received paracetamol, with a mean daily dose of 1.16
g/day (range: 0—4 g/day).

On ICU admission, the average ALT was 29+16 U/L,
AST was 33+18 U/L, ALP was 77+26 U/L, and total
bilirubin was 0.44+0.14 mg/dL. The average albumin
level was 3.9+0.6 g/dL, INR was 1.09+0.15, and
creatinine was 0.99+0.39 mg/dL. DILI developed
approximately 9.5+5.2 days after ICU admission. After
DILI onset, the average ALT was 375+152 U/L, AST
was 283+157 U/L, and ALP was 141+88 U/L.
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Patients admitted to the university hospital ICU: 475

A4

Included patients: 47
Hepatic enzyme elevation

ALT>5 times the upper limit of normal

ALT>3 times the upper limit of normal and
total bilirubin>2 times the upper limit of

A4

Excluded patients: 428
No hepatic enzyme elevation

|

Pharmacological groups related to

drug-induced liver injury cases: 16

Anti-infectives: 10
Anti-convulsants: 2
Anti-coagulants: 2
Anti-psychotic: 1

Immunomodulator: 1

Figure 1. Flow diagram of patients selection

ICU: Intensive care unit.

Among the drugs associated with DILI, antibiotics
accounted for 62.5% (10 drugs). Other frequently
associated drug classes included anticoagulants
(2; 12.5%) and antipsychotics (2; 12.5%). The most
commonly implicated agents

were ampicillin-

Other causes of hepatic enzyme
elevation: 31

Biliary diseases: 8

Sepsis: 8

Cirrhosis: 4

Neoplasms: 4
Cardiovascular diseases: 3
Pancreatitis: 2

Liver cyst/abscess: 2

sulbactam (2; 12.5%), cefoperazone-sulbactam (2;
12.5%), enoxaparin (2; 12.5%), and quetiapine (2;
12.5%) (Table 3). The median duration of use for the
suspected drugs was 8.5 days (5.25-14.75).
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Table 1. Cases of drug-induced liver injury

Patient
number

0 N o o hAEw NN =

el

10
1
12
13
14
15
16

Age,
year

48
84
19
79
26
29
78
26
58
75
56
23
48
20
24
60

Sex

Male
Male
Male
Female
Male
Male
Female
Male
Female
Female
Male
Female
Male
Male
Female
Female

CCl: Charlson Comorbidity Index.

cCl

1
5
0
1
0
1
4
1
2
4
3
0
1
0
1
3

Suspected Drug

Cefoperazone-sulbactam
Cefoperazone-sulbactam
Quetiapine
Enoxaparin
Enoxaparin
Ampicillin-sulbactam
Ampicillin-sulbactam
Valproic acid
Ceftriaxone
Clindamycin
Imipenem
IVIG
Daptomycin
Quetiapine
Tigecycline
Ceftazidim

Table 2. DILI patients’ SOFA scores, vasopressor use, and
paracetamol doses

Patient No

o N oo AW N =

S R U N I Ve
S oA~ W N = o

o b 00 A OO0 O U1 OO B OO U1 AN

SOFA (peak day) Vasopressor

Yes
Yes
No
No
Yes
Yes
No
Yes
No
Yes
Yes
No
No
Yes
Yes
No
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Paracetamol

(g/day)
2.2

1.18
0.62
0.32
0.55
1.07
1.06
0.54
0.2
0.3
0
1.6
4
0.28
3.5
0.28

Duration of drug,

Rscore Type of liver injury day Mortality
12,0 Hepatocellular 10,0 No
7,0 Hepatocellular 7,0 Yes
16,0 Hepatocellular 11,0 Yes
11,0 Hepatocellular 61,0 Yes
5,1 Hepatocellular 15,0 No
6,7 Hepatocellular 6,0 No
13,5 Hepatocellular 7,0 No
28,0 Hepatocellular 34,0 Yes
12,0 Hepatocellular 2,0 Yes
12,8 Hepatocellular 3,0 No
5,6 Hepatocellular 14,0 Yes
11,5 Hepatocellular 5,0 No
12,0 Hepatocellular 2,0 Yes
3,1 Cholestatic 26,0 No
3,7 Cholestatic 14,0 Yes
2,1 Mixed 7,0 Yes

The median R ratio used to assess injury type
was 11.25 (5.35-12.4). The injury pattern was
hepatocellular in 13 patients (81.25%), cholestatic in
2 patients (12.5%), and mixed in 1 patient (6.25%).
In our cohort, the hepatocellular pattern of injury
together with the latency period (median 9.5+5.2
days after ICU admission) and RUCAM scores (=6)
strongly supported the diagnosis of drug-induced
liver injury. Importantly, although nine patients were
receiving vasopressors at the time of peak enzyme
elevation, the biochemical profile was not consistent
with ischemic hepatitis or sepsis-associated liver
dysfunction. In particular, transaminase elevations did
not exceed 1000 U/L, bilirubin levels remained largely
within normal limits (0.3-0.9 mg/dL), and the pattern
of injury was not compatible with sepsis-related
cholestasis, where conjugated hyperbilirubinemia and
cholestatic enzyme elevations usually predominate.
These findings indicate that the observed liver injury
was more plausibly attributable to DILI rather than
sepsis or ischemia.
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Table 3. Values in liver tests

ALT, first  AST, first  ALP first

Suspected Drug

(/L) (u/L) (/L)
Cefoperazone-sulbactam 23 29 48
Cefoperazone-sulbactam 15 25 81
Quetiapine 73 87 88
Enoxaparin 12 10 43
Enoxaparin 50 18 108
Ampicillin-sulbactam 18 24 81
Ampicillin-sulbactam 15 24 67
Valproic acid 36 24 57
Ceftriaxone 35 44 98
Clindamycin 29 47 59
Imipenem 45 32 144
IVIG 30 31 84
Daptomycin 29 20 51
Quetiapine 19 32 84
Tigecycline 16 54 50
Ceftazidim 26 31 88

Among DILI cases, 7 patients (43.75%) showed
clinical improvement and normalization of liver tests
after liver-protective and supportive therapy. However,
9 patients (56.3%) died. Demographic characteristics
such as age and gender were not associated with
mortality. Likewise, ALT, AST, and ALP levels at
both admission and during DILI episodes were not
significantly associated with mortality (p>0.05).

Discussion

This study provides valuable insight into the incidence,
implicated agents
outcomes of drug-induced liver injury (DILI) among

clinical characteristics, and
critically ill patients in a tertiary intensive care unit (ICU)
over the span of one year. Our findings indicate a DILI
incidence of 9.89% among ICU patients presenting
with elevated liver enzymes. In a recent study from a
university hospital in Colombia, the 1-year incidence of
drug-induced liver injury (DILI) was approximately 6%.
Similar to our findings, antibiotics and anticonvulsants
were reported as the main pharmacological groups
associated with DILI. These results are in line with

ALT high  AST high  ALP high
Total bilirubin, mg/dl

(u/L) (u/L) (u/n)

364 291 89 0,38
680 551 292 0,37
624 446 111 0,39
246 121 67 0,40
280 147 163 0,54
245 212 101 0,30
665 447 145 0,45
348 111 36 0,26
421 394 82 0,30
298 270 70 0,47
270 336 121 0,34
4 349 115 0,58
361 525 69 0,50
247 91 241 0,87
264 130 216 0,52
252 118 345 0,45

our observations, further supporting the notion
that careful patient selection, close monitoring, and
rational prescribing are essential in minimizing the
risk of DILI. Consistent with the recommendations of
this study, the prompt suspension of the suspected
agent should be considered the first protective
measure, followed, when appropriate, by modification
of pharmacotherapy or the initiation of supportive
treatment strategies (17).

In critically ill patients, liver enzyme elevations and drug-
related hepatotoxicity are increasingly recognized as
significant contributors to morbidity and mortality. A
study reported that intensive care unit (ICU) patients
with elevated liver enzymes at admission had
significantly higher mortality compared to those with
normal levels, emphasizing the prognostic relevance
of hepatic dysfunction in critical illness (18). In our
cohort, the liver enzyme abnormalities predominantly
exhibited a hepatocellular pattern, with transaminase
elevations exceeding cholestatic markers and bilirubin
levels largely within normal limits. This biochemical
profile contrasts with sepsis-associated cholestatic
liver injury, which typically presents with conjugated
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bilirubin and ALP/GGT predominance and only mild
transaminase elevation (8,19).

R values and RUCAM scores further support the
attribution of these abnormalities to drug-induced liver
injury (DILI) rather than sepsis orischemic hepatopathy
(6). Even among patients receiving vasopressors,
the biochemical profiles remained inconsistent with
sepsis-related liver dysfunction. These findings
underscore that hepatocellular injury observed in
the ICU can be differentiated from hemodynamic or
infection-related liver damage.

Overall, this emphasizes the importance of vigilant
monitoring, rigorous causality assessment, and early
recognition of DILI in critically ill populations. These
findings support the notion that both underlying critical
illness and complex pharmacotherapy contribute to
liverinjury in ICU settings. In addition, findings highlight
that critically ill patients are particularly susceptible
to hepatotoxicity due to complex pharmacotherapy
and polypharmacy, underscoring the need for vigilant
monitoring, early detection, and rigorous causality
assessment to mitigate potential adverse outcomes.

One of the factors potentially contributing to elevated
liver enzyme levels is drug-drug interactions. The
clinical relevance of these interactions in intensive care
units has been emphasized in several studies (20).
For example, some studies (21) have demonstrated
that co-administration of interacting drugs can lead to
increases in liver enzyme levels. In our study, however,
no significant elevations in liver enzymes attributable
to such interactions were observed. Nevertheless, this
potential risk should be carefully considered in the
management of intensive care patients.

A notable observation was the predominance of
hepatocellular injury (81.25%) in our cohort, which
is consistent with existing literature that identifies
hepatocellular injury as the most common form of
DILI (19,22). The onset of DILI approximately 9.5 days
following ICU admission underscores the critical
need for heightened vigilance during the second
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week of ICU stay, particularly when multiple high-risk
medications are being administered.

Interms of causative agents, anti-infectives, particularly
B-lactam antibiotics (e.g., ampicillin-sulbactam,
cefoperazone-sulbactam, ceftriaxone), were the most
commonly implicated drugs (19). This is unsurprising
given the routine and extensive use of broad-
spectrum antibiotics in ICU settings. Interestingly, the
involvement of antipsychotics (such as quetiapine) and
anticoagulants (like enoxaparin) as potential culprits
despite being less frequently reported in the general
population merits attention (23-25). Paracetamol
use was common among patients with suspected
DILI, but the daily doses were generally low and well
below levels typically associated with hepatotoxicity
in adults (26). These agents are more commonly used
in ICUs, where off-label or extended-use practices are
frequent. This emphasizes the need for ICU-specific
DILI monitoring protocols, as opposed to relying
solely on generalized hepatotoxicity data.

The mortality rate observed in our study (56.3%) was
alarmingly high, significantly surpassing the mortality
rates seen in non-ICU DILI cohorts. This increase
likely reflects the severity of baseline illness among
ICU patients, rather than DILI being the primary cause
of death. However, it is important to acknowledge that
DILI may exacerbate multi-organ dysfunction and
increase susceptibility to sepsis, thereby indirectly
worsening patient outcomes. Remarkably, neither
demographic factors (age, gender) nor baseline liver
enzyme levels were predictive of mortality, suggesting
that DILI in the ICU is a multifactorial phenomenon
intricately linked with the progression of critical illness
(27,28).

An important strength of this study is the application
of rigorous diagnostic criteria, including internationally
recognized thresholds for DILI (ALT =5x ULN or
ALT =3x ULN + total bilirubin >2x ULN), ensuring
consistency and comparability with other studies.
Furthermore, causality assessment was systematically
performed using the RUCAM scale, which is
considered the gold standard in hepatotoxicity
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causality assessment. Despite these strengths, the
retrospective design introduces certain limitations,
such as the potential underreporting of subtle DILI
cases and the inability to account for confounding
variables like parenteral nutrition, ischemic hepatitis,
or undiagnosed infections (6,19,29).

From the clinical pharmacy perspective, this study
underscores the pivotal role of clinical pharmacists in
the early detection, risk stratification, and management
of DILI in ICU. Routine medication profile reviews,
proactive deprescribing strategies, and advocacy for
liver-friendly therapeutic alternatives could significantly
reduce the incidence of DILI in ICUs. In light of our
findings, it is plausible to consider the implementation
of prospective DILI screening protocols, led by clinical
pharmacists with the collobration of intensivists, as a
standard practice within ICU settings (16).

A critical revelation from our study is the often
subtle, insidious onset of DILI in ICU patients. At ICU
admission, liver function tests were predominantly
normal or near-normal. Relying solely on initial
admission laboratory results could create a false
sense of security. Therefore, dynamic and repeated
liver function tests should be an integral part of
ongoing ICU pharmacovigilance (30,31).

Study strengths and limitations

This study’s strengths include its focus on a high-
risk ICU patient population, the use of internationally
validated diagnostic and causality tools, and its strong
practical relevance to real-world clinical practice.
However, the relatively small sample size and single-
center design limit the generalizability of our findings.
Additionally, the absence of liver biopsy data and the
retrospective nature of the study preclude the definitive
exclusion of all potential causes of liver injury.

Future research should focus on multicenter
prospective studies to validate these findings and
identify predictive biomarkers for early detection of
DILI in ICU patients. Machine learning approaches

that analyze large, multicenter datasets could provide

insights into subtle risk patterns that may elude
conventional analysis.

Conclusion

DILI remains an important, yet often underrecognized,
complication in ICU patients.
particularly B-lactam antibiotics, dominate the list of
implicated drugs, with hepatocellular injury being
the most common manifestation. Clinical vigilance,
dynamic liver function monitoring, and the active
involvement of clinical pharmacists are essential
for mitigating DILI-related morbidity and mortality.
Establishing structured DILI surveillance programs

Anti-infectives,

in ICUs is a forward-thinking strategy that can
significantly enhance patient safety and improve
clinical outcomes.

Highlights

 DILI incidence among ICU patients was 9.89%
emphasizing that hepatotoxicity is a significant
yet often overlooked complication in critically ill
patients.

* Antibiotics were the most frequently implicated
drug class (62.5%), particularly B-lactam
antibiotics, highlighting the need for cautious use
in ICU settings.

* Hepatocellular injury was the dominant pattern
(81.25%), and DILI onset occurred approximately
9.5 days after ICU admission, underscoring the
importance of dynamic liver monitoring beyond
initial hospitalization.

* The mortality rate among DILI patients reached
56.3%, indicating the critical role of early detection
and interdisciplinary management, particularly
involving clinical pharmacists.
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CASE REPORT / OLGU SUNUMU

A rare clinical manifestation of lactate elevation explained by the Warburg
effect: report of two lymphoma cases and literature review

Laktat yiiksekliginin nadir goriilen sebebi: Warburg etkisiyle agiklanan iki

lenfoma vakasi ve literatiir taramasi
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ABSTRACT

Type B lactic acidosis is a rare life-threatening condition associated
with hematological malignancies. This condition is of great clinical
importance because it requires rapid diagnosis and treatment. Its
association with malignancies is based on the Warburg effect. The
Warburg effect is a condition in which tumor cells prefer glycolysis
over oxidative phosphorylation for energy production, which may
lead to severe lactic acidosis.

Here, we report two cases of patients who presented with severe
lactic acidosis and hypoglycemia that could be explained by
Warburg phenomenon, were followed up in the intensive care unit
and subsequently diagnosed with lymphoma. We aim to contribute
to the literature on Warburg phenomenon by detailing the rapid and
successful management of these cases.

Keywords: type B lactic acidosis, hypoglycemia, hematologic
malignancy, intensive care

Introduction

Hyperlactatemia is defined as a serum lactate
level exceeding 2.0 mmol/L without acidemia (1).
Lactic acidosis is characterized with a pH of <7.35
accompanied by lactate elevation. The etiology of
lactic acidosis needs to be clarified early because it

< Burgin Halagl burcin.halacli@yahoo.com

0z

Tip B laktik asidoz, nadir gortlen, hayati tehdit eden ve hematolojik
malignitelerle iliskilendirilmis bir tablodur. Bu tablo, hizli tani ve
tedavi gerektirmesi nedeniyle klinik acidan blylk 6énem tasir.
Malignitelerle iligkisinin temelinde Warburg etkisi yer alir. Warburg
etkisi, tmor hiicrelerinin enerji Gretimi icin oksidatif fosforilasyon

yerine glikoliz yolunu tercih etmesi durumudur ve bu durum ciddi
laktik asidoz gelisimine yol agabilir.

Burada Warburg fenomeni ile aciklanabilecek sekilde ciddi laktik
asidoz ve hipoglisemi ile basvuran, yogun bakimda takip edilen
ve ardindan lenfoma tanisi alan iki vakayi paylasacagiz. Vakalarin
hizli ve basarill bir sekilde yénetilmesini detaylandirarak, Warburg
fenomeni ile ilgili literatlre katkida bulunmayi amacliyoruz.

Anahtar kelimeler: tip B laktik asidoz, hipoglisemi, hematolojik
malignite, yogun bakim

carries an ominous prognosis (2). There are two types
of lactic acidosis; Type A being the most common one
associated with hypoxia or hypoperfusion and Type-B
lactic acidosis which is rare compared to type-A and
is associated with liver disease, vitamin B1 deficiency,
alcoholism, medications such as metformin and

Received / Gelis tarihi: 11.12.2024 Accepted / Kabul tarihi: 03.02.2025 Published / Yayin tarihi: 26.12.2025

Copyright © 2025 The Author(s). Published by Turkish Society of Intensive Care. This is an open access article distributed under the Creative Commons Attribution License (CC BY),
which permits unrestricted use, distribution, and reproduction in any medium or format, provided the original work is properly cited.

Telif hakki © 2025 Yazar(lar). Tirk Yogun Bakim Dernegi tarafindan yayimlanmistir. Agik erisimli bu makale, orijinal galismaya uygun sekilde atifta bulunulmasi kosuluyla, herhangi bir
ortamda veya formatta sinirsiz kullanim, dagitim ve gogaltmaya izin veren Creative Commons Atif Lisansi (CC BY) ile dagitilmistir.

326


https://orcid.org/0000-0003-4863-163X
https://orcid.org/0000-0003-2735-918X
https://orcid.org/0000-0002-7216-7438
https://orcid.org/0000-0002-6916-8907
https://orcid.org/0000-0002-5874-9087
https://creativecommons.org/licenses/by/4.0/
https://creativecommons.org/licenses/by/4.0/

0zdemir Z0, et al. Warburg Effect-Related Lactic Acidosis in Lymphoma

327

adrenalin, and malignancies (3). Lactic acidosis
developing due to the high turnover of malignant cells
is called the Warburg effect (4). Otto Warburg first
described this phenomenon in the 1920s, and it is
mainly since tumor cells prefer the glycolytic pathway
even in the presence of oxygen (4,5).

Herein, we present 2 cases admitted with hypoglycemia
and lactate elevation and subsequently diagnosed
with lymphoma. In these cases, we observed that
serum lactate decreased gradually and hypoglycemia
resolved after chemotherapy initiation. We also report
this a literature review, emphasizing the relationship
between the Warburg phenomenon and malignancy.

Patients and Methods

We utilized the retrospective medical records of two
patients admitted to the intensive care unit (ICU) who
developed type-B lactic acidosis and hypoglycemia
as a complication of hematologic malignancy.
Literature review was conducted by searching
“PubMed” and “Google Scholar” in English literature
from January 2002 to June 2022 using “Warburg
effect and lymphoma” and “type-B lactic acidosis,
hypoglycemia and lymphoma” keywords.

Case Series

Case 1

A 19 years-old female was admitted to the emergency
department at 22 weeks of pregnancy presenting
with fever, abdominal pain, and generalized fatigue.
Her physical revealed generalized
lymphadenopathy. Laboratory examination showed
normocytic anemia (hemoglobin (Hb) 6.8 g/dL,
mean corpuscular volume (MCV) 86 fL), neutrophilic
leukocytosis (leukocyte count 26x10%/uL, neutrophil
count 18.2x 10%/uL), lymphopenia (lymphocyte count
0.79x10%/uL) and elevated inflammatory markers
(C-reactive protein 35 mg/dL [normal <0.5mg/
dL] and erythrocyte sedimentation rate 61 mm/h).

examination

Lactic acidosis (pH 7.27, bicarbonate 9 mmol/L, and
lactate 8 mmol/L) and asymptomatic hypoglycemia
(glucose level 55 mg/dL) were noted. There was no
coagulopathy, encephalopathy and jaundice. Sepsis
was suspected and broad-spectrum antibiotics were
started. Infectious work-up, including blood and urine
cultures, have not revealed any meaningful results.
Fluid resuscitation and thiamine (vitamin B1) were
also administered to the patient. She was intubated
due to severe metabolic acidosis. The patient became
anuric and continuous renal replacement therapy was
started. She was extubated after metabolic acidosis
recovered and her bicarbonate level returned to
normal range. However, serum lactate levels did not
normalize despite optimal treatment. Even with 25
cc/h 30% dextrose infusion was administered, serum
glucose levels remained low. Spontaneous abortion
occurred at the 22nd week of gestation.

After the abortion, the patient was evaluated by
computerized tomography (CT). Numerous lymph
reported tomography,
suggesting lymphoproliferative disease. A cervical
lymph node biopsy was performed. As infectious
causes were excluded, 6 mg dexamethasone
therapy was started with the initial diagnosis of
lymphoproliferative disease. In a few days, clinical

nodes were in cervical

recovery was observed. Cervical lymph node biopsy
pathology revealed “anaplastic lymphoma kinase
(ALK)-positive anaplastic large cell lymphoma”,
stained positive for CD30, CD4, CD2, ALK, and
granzyme. Small cells were stained positive for CD20,
CD3, CD8, and CD5 and negative for CD56. Ki67
index was found as 70%.

The Cyclophosphamide, Vincristine, Prednisone
chemotherapy protocol was initiated and after that
resistant hypoglycemia resolved, and lactate levels
returned to normal range (Figure 1a). The patient
received multiple chemotherapy regimens. However,
she passed away due to septic shock approximately 1

year after the diagnosis.
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Case 2

hypotension. Physical examination showed epigastric

A 19 years-old female was admitted to the emergency tenderness with moderate ascites. Lung sounds were
department with nausea, Vomiting, and abdominal diminished at the subzone of the Iungs, and a bilateral
pain. Her vital signs were within normal range except 2-3 positive pretibial edema was observed.
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Figure 1. represent pre and post treatment serum levels of lactic acid (blue line) and glucose (yellow line). The green arrows indicate the
beginning of steroid therapy and the red arrows indicate the beginning of chemotherapy

CVP: Cyclophosphamide, Vincristine, Prednisone; R CHOP: Rituximab, Cyclophosphamide, Doxorubicin, Vincristine, Prednisone
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Laboratory assessment revealed microcytic anemia
(Hb 9.9 g/dL, MCV 72 fL), neutrophilic leukocytosis
(neutrophil ~ count  11.2x10%/uL),  lymphopenia
(0.21x10%/uL), thrombocytosis (426x10°%/uL), elevated
inflammatory markers (C-reactive protein 6.2 mg/dL)
and pancreatic enzymes (amylase 357 U/L [normal
28-100 U/L], pancreatic amylase 270 U/L [normal 8-53
U/L], lipase 425 U/L [normal <67 U/L]). There was no
coagulopathy, encephalopathy and jaundice.

CT scan of the abdomen performed at the admission
to the emergency department revealed diffuse
thickening of the head of the pancreas and an
appearance compatible with periaortitis. With the
preliminary diagnosis of sepsis, broad-spectrum
antibiotic therapy was initiated as the lactate level
raised to 12.0 mmol/L during the patient’s follow-up.
One-gram methylprednisolone was commenced with
the initial diagnosis of IgG4-related disease. There
was no improvement in lactate levels despite optimal
fluid resuscitation, antibiotic therapy and thiamine
replacement. Infection workup, including blood and
urine cultures, were negative. During her ICU stay,
multiple hyperemic nodular lesions appeared in whole
body with approximately 3x3 cm diameter in which the
biggest lesion was seen on her abdominal skin, and
punch biopsies were obtained from there.

After the methylprednisolone dose had started to be
reduced to 48 mg, her abdominal pain recurred, and
pancreatic enzymes and lactate levels increased.
Therefore, the methylprednisolone
increased again to 64 mg/day. Despite oral intake
and administration of IV dextrose solution, the patient
had persistent hypoglycemia (lowest level 41 mg/dL).
Endoscopic retrograde cholangiopancreatography
(ERCP) was performed to exclude intrahepatic
cholestasis and duodenal biopsy was obtained.
The pathology of both skin and duodenal biopsy
revealed high-grade diffuse large B cell lymphoma.
The skin biopsy specimen stained positive for CD20,
BCL6 and negative for CD3, CD5, Cyclin D1, CD23,
MUM1 and CD10. The proliferative index (Ki67) was
found over 90%. Duodenal biopsy stained positive

dose was

for CD20, BCL6 and negative for MUM1 and CD10
. The proliferative index (Ki67) was found as 90%.
The biopsy results excluded the diagnosis of 1gG4-
related disease. The Rituximab, Cyclophosphamide,
Doxorubicin, Vincristine, Prednisone chemotherapy
protocol was immediately initiated. After initiation of
chemotherapy, resistant hypoglycemia resolved and
serum lactate level decreased dramatically (Figure 1b).
After she had received 5 cycles of chemotherapy,
febrile neutropenia developed. She passed away
due to septic shock approximately 1 year after initial
diagnosis.

Literature review

There have been 30 cases of Warburg effect
associated malignancies reported in the last 21.5
years that we have reviewed (Table 1). Twenty-three
cases had lymphoma, three had multiple myeloma,
two had chronic lymphocytic leukemia (CLL), one
with acute myeloid leukemia (AML) and one with
adenoma of unknown origin. Diffuse large B cell
lymphoma (DLBCL) was the most common cause
(46%) among the defined cases. Twenty-one of the
cases were male. The median age was 58 (min-
max, 19-79 years). The median lactate level was
13.5 mmol/L (min-max, 3.24-29). Hypoglycemia was
reported in 43% of cases. Eight of the cases were
followed in the ICU. Twenty-three of 30 patients had
received treatment (22 received chemotherapy and
one received only steroid treatment). Others could
not receive chemotherapy due to deterioration in their
clinical status, refusal of treatment or postmortem
diagnosis. The overall mortality was 76%, whereas it
was reported that mortality was 69% in patients who
received chemotherapy.

Discussion

Current case reports demonstrated that lactate
elevation and hypoglycemia might be associated with
occult lymphomas in critically ill patients admitted to
ICU, which has been described as so-called “Warburg
phenomenon”. Lymphomas are a heterogeneous
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Table 1. Case reports associated with type B lactic acidosis and lymphoma in the literature

Max. Lactate
No VYear Ref i:):: I:::::;z::- Hypoglycemia Diagnosis a dlt:?sl:ion Chemotherapy tre::::;m Outcome
(mmol/L) (mmol/L)

1 2002 (16) M/55 1.7 NR MM - VAD 3 Death
2 2007 (17) M/28 11.2 + NK/ T-cell NR CHOP 1.05 Death
lymphoma
2007 (9) M/79 19 + AML NR No NR Death
2007 (9) F/75 5.4 NR FL NR Etoposide NR Death
2007 (9) F/54 12 - DLBCL NR Rituximab, NR Death

cyclophosphamide,
doxorubicin
6 2007 (9) M/54 12 - Extranodal -T cell NR CHOP NR Death
lymphoma
2007 (9) F/66 7.5 - CLL NR CHOP NR Death
2007 (9) F/61 11.6 - Intravascular + High dose NR Death
lymphoma dexamethasone,
Rituximab
9 2007 (9) M/54 18 + DLBCL + No NR Death
10 2011 (18) F/55 19 + DLBCL + CHOP <2.0 Death
11 2012 (19) F/64 28.5 + DLBCL - R-CHOP 43 Death
12 2013 (20) M/50 14.4 NR DLBCL NR R-CHOP 2.2 Death
13 2013 (21) M/58 21.5 NR MM NR VRD-PACE NR Death
14 2013 (22) M/73 14.7 + DLBCL - No NR Death
15 2013 (23) M/58 7.3 NR MM NR VRD-PACE 5.5 Death
16 2014 (24) M/76 7.7 NR Adenocarcinoma + No NR Death
of unknown origin
17 2014 (25) M/19 11.2 NR T cell ymphoma NR CHOP <2.0 Discharged
18 2014 (26) F/54 18.3 NR DLBCL NR EPOCH 2.6 Unknown
19 2015 (27) M/67 24 + CLL NR Rituximab NR Death
20 2018 (28) M/67 11.3 - Mantle cell NR VR-CAP 3.5 Discharged
lymphoma
21 2018 (29) M/54 18.7 NR DLBCL NR Methylprednisolone, NR Death
doxorubicin,
cyclophosphamide,
etoposide
22 2018 (30) M/24 9.4 NR DLBCL NR EPOC-RR 1 Discharged
23 2019 (31) F/74 >20 + Haematolymphoid NR No NR Death
leukemia/
lymphoma

ICU: Intensive care unit, M: Male, NR: Not reported, MM: Multiple myeloma, VAD: Vincristine, Adriamycin and Dexamethasone, NK/T-cell lymphoma: Natural killer/T

cell lymphoma, CHOP: Cyclophosphamide, doxorubicin, vincristine (or oncovin) and prednisone, AML: acute myelocytic leukemia, F: Female, FL: Follicular lymphoma,
DLBCL: Diffuse large B cell lymphoma, CLL: Chronic lymphocytic leukemia, R-CHOP: Rituximab, Cyclophosphamide, doxorubicin, vincristine (or oncovin) and prednisone,
VRD-PACE Bortezomib, dexamethasone, cisplatin, doxorubicin, cyclophosphamide, and etoposide, EPOCH: etoposide, epirubicin, vincristine, cyclophosphamide,

and prednisolone, VR-CAP: Bortezomib, rituximab, cyclophosphamide, doxorubicin, and prednisone, EPOC-RR: Rituximab, etoposide, prednisone, vincristine,
cyclophosphamide, and doxorubicin, R-EPOCH: Rituximab, etoposide, doxorubicin, vincristine, cyclophosphamide, and prednisone, CV: Cyclophosphamide and
vincristine.
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Table 1. Continued
Max. Lactate
Sex/ lactate pre- . . . ICU Post-
No Year Ref Age treatment Hypoglycemia Diagnosis admission Chemotherapy treatment Outcome
(mmol/L) (mmol/L)
24 2020 (32) F/73 12.7 + DLBCL CHOP <2.0
Day 226,
hospitalized
25 2021 (33) M/65 18.8 + DLBCL + Steroid 36 Death
26 2021 (34) M/52 16 + DLBCL + R-EPOCH 1.2
6 cycles of
chemotherapy
no sign of
relapse
27 2021 (35) M/53 3.2 DLBCL NR No NR Death
28 2021 (36) M/60 7.4 + Burkitt lymphoma + cv NR One year
follow-up CT
normal
29 2021 (37) M/63 14.5 NR Burkitt lymphoma + R-EPOCH NR Death
30 2022 (38) M/42 18 + DLBCL No NR Death

ICU: Intensive care unit, M: Male, NR: Not reported, MM: Multiple myeloma, VAD: Vincristine, Adriamycin and Dexamethasone, NK/T-cell ymphoma: Natural killer/T

cell lymphoma, CHOP: Cyclophosphamide, doxorubicin, vincristine (or oncovin) and prednisone, AML: acute myelocytic leukemia, F: Female, FL: Follicular lymphoma,
DLBCL: Diffuse large B cell lymphoma, CLL: Chronic lymphocytic leukemia, R-CHOP: Rituximab, Cyclophosphamide, doxorubicin, vincristine (or oncovin) and prednisone,
VRD-PACE Bortezomib, dexamethasone, cisplatin, doxorubicin, cyclophosphamide, and etoposide, EPOCH: etoposide, epirubicin, vincristine, cyclophosphamide,

and prednisolone, VR-CAP: Bortezomib, rituximab, cyclophosphamide, doxorubicin, and prednisone, EPOC-RR: Rituximab, etoposide, prednisone, vincristine,
cyclophosphamide, and doxorubicin, R-EPOCH: Rituximab, etoposide, doxorubicin, vincristine, cyclophosphamide, and prednisone, CV: Cyclophosphamide and

vincristine.

group of malignancies of the lymphoid system. The
majority of lymphomas are non-Hodgkin lymphomas
(NHL) ranging from low-grade to rapidly growing
and high-grade histology (6). NHL usually presents
with painless lymphadenopathy, whereas some may
have accompanying systemic symptoms. The definite
diagnosis is made by histopathological examination
of the appropriate and adequate biopsy specimen (7).
It is not always possible to diagnose with appropriate
lymph node sampling rapidly
progressive clinics, eventually it may be fatal if not

in patients with

diagnosed and treated. High lactate levels and lactic
acidosis during lymphoma are associated with poor
prognosis. Mortality is more than 80% when Warburg
effect is present (8). Although the best treatment for
patients with malignancies who develop type-B lactic
acidosis is not clear yet, chemotherapy seems to be
the most appropriate first choice (9). The Warburg
Effect is visually summarized in Figure 2.

The first stage of oxidative phosphorylation is known
as glycolysis and takes place in the cytoplasm. As a
result of glycolysis, 2 molecules of pyruvic acid are
formed and converted to acetyl-coenzyme A (acetyl-
co A). Acetyl-co A enters the Krebs cycle in the
mitochondria. By entering the electron transport chain
(ETC) in the inner membrane of the mitochondria,
36 adenosine-three-phosphate (ATP) is obtained at
the end and a water molecule is also formed. In the
absence of oxygen, pyruvate was not converted to
Acetyl-co A, but transformed to lactic acid, known
as anaerobic glycolysis. In this way, the net energy
balance is only two ATP molecules (10). On the
other hand, in cancer cells, the glycolytic pathway
is preferred even in the presence of oxygen, which
is known as aerobic glycolysis or the Warburg effect
(11). As a result, only 2 ATP is obtained. More glucose
must be consumed in cancer cells for the same
amount of energy. This mechanism why cancer cells
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Type B lactic acidosis is a life-threatening emergency well-documented in hematological malignancies.

Case Presentation

We report two cases of lymphoma with severe lactic acidosis and hypoglycemia.

Conclusion

Physicians should always keep in mind the possibility of malignancy after excluding other causes of lactate elevation.

Figure 2. Schematic representation of the Warburg Effect

prefer a less efficient pathway has not fully been
understood yet. The plausible hypothesis is that
cancer cells use the formed carbon chains derived
from aerobic glycolysis for amino acids, nucleotides,
and lipid synthesis which are significant for cancer cell
proliferation (12). In addition, an acidic environment is
created with the activation of the glycolytic pathway in
cancer cells, which paves the way for tumor invasion
with local toxicity (13). Warburg effect also forms
the basis of the fluorodeoxyglucose and positron
emission tomography (FDG-PET) system, which is
based on increased glucose metabolism and utilized
for the diagnosis and follow-up of several tumors (14).

Remarkably, 2 patients in this report were younger
than the other reports. Although most of the cases
in the literature were male, 2 of our cases were
female. The pre-treatment lactate levels were 8 and

Turk J Intensive Care 2025;23(4):326-334

12.6 mmol/l, and hypoglycemia was present in both
of our cases. One of our cases was diagnosed with
DLBCL and the other one with ALK+ lymphoma in the
ICU. Lactic acidosis and hypoglycemia disappeared
with appropriate early chemotherapy and both of our
patients received chemotherapy and passed away 1
year after admission.

We know that lactic acidosis can have numerous
causes. Septic shock is the most common etiology of
lactic acidosis in ICUs (15). We could not rule out septic
shock in these patients and started fluid replacement
and antibiotic therapy. We also administered thiamine.
Despite this, the persistence of lactic acidosis and the
deterioration of the clinical condition of the patients
in addition to the presence of hypoglycemia despite
continuous glucose infusion directs the potential role
of the Warburg effect.
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In both of our patients, imaging could not be
performed with PET-CT, as it was deemed necessary
to make a quick diagnosis and to start the treatment
as quick as possible. Biopsy was planned as a result
of CT imaging. There was no hepatic failure in the
differential diagnosis of hypoglycemia. Since both
of our patients were under steroid treatment, cortisol
levels were not tested. Unfortunately, patients were
not tested for insulin and c-peptide levels for the
differential diagnosis of hypoglycemia.

Conclusions

We wanted to emphasize the relationship between
the Warburg effect and lymphoma, which has been
known for years. Clinicians should always keep in
mind the possibility of malignancy after excluding
other potential causes of lactate elevation. Lactic
acidosis and hypoglycemia could resolve with rapid
initiation of efficient chemotherapy in chemo-sensitive

tumors.
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CASE REPORT / OLGU SUNUMU

Use of midodrine for treatment of hypotension: a case report

Hipotansiyon tedavisi icin midodrin kullanimi: bir olgu sunumu

Zeynep Oztlrk Yalgin'®, Burgin Halagli?®, Kutay Demirkan'®, Arzu Topeli?

'Department of Clinical Pharmacy, Faculty of Pharmacy, Hacettepe University, Ankara, Tlrkiye
2Division of Intensive Care Medicine, Department of Internal Medicine, Faculty of Medicine, Hacettepe University, Ankara, Tlrkiye

ABSTRACT

Midodrine is an orally approved a-agonist increasingly utilized in
intensive care units for the treatment of refractory hypotension
with peripheral effects. The current case report presents the
clinical manifestation of midodrine utilization in a female patient
experiencing refractory hypotension. She was admitted to the
intensive care unit of a university hospital due to confusion and
suspicion of intoxication.

Due to the patient’s hypotensive condition, vasopressor support
(norepinephrine) was initiated to address shock of unidentified
cause. Midodrine was recommended by the clinical pharmacist
to the patient due to the persisting need for norepinephrine. This
case report highlights that, based on the clinical judgement of the
clinician, midodrine can be used during vasopressor weaning when
no other specific cause of hypotension has been identified.

Keywords: midodrine, hypotension, vasopressors, intensive care
unit

Introduction

Patients admitted to intensive care unit (ICU) often
require intravenous vasoactive drugs to maintain
normotension or other clinically indicated blood
pressure targets. In hypotensive patients without
impairment of tissue oxygenation, there is a need for
the use of oral agents that could facilitate weaning
from intravenous vasopressors and assist in earlier

B< Zeynep Oztiirk Yalgin ozturkzeynep96@gmail.com

0z

Midodrin, periferik etkili bir a-agonist olup, direncli hipotansiyonun
tedavisinde yogun bakim Unitelerinde giderek daha sik kullanilan,
oral yolla uygulanan onayli bir ajandir. Bu olgu sunumunda, refrakter
hipotansiyon gelisen kadin bir hastada midodrin tedavisinin
klinik etkileri degerlendirilmistir. Hasta, konflizyon ve zehirlenme
sUphesiyle bir Universite hastanesinin yogun bakim Unitesine
kabul edilmigtir. Hipotansif durumu nedeniyle, etiyolojisi net olarak
belirlenemeyen soka yoénelik vazopresér tedavi (norepinefrin)
baslanmistir. Norepinefrin gereksiniminin devam etmesi Uzerine,
klinik eczaci tarafindan hastaya midodrin tedavisi Onerilmistir.
Bu olgu, hipotansiyonun belirgin ve spesifik bir nedeninin
saptanamadigi durumlarda, klinisyenin klinik yargisina dayanarak
vazopresOr tedavinin kesilme strecinde midodrinin destekleyici bir
secenek olarak kullanilabilecegini ortaya koymaktadir.

Anahtar kelimeler: midodrin, hipotansiyon, vazopressorler, yogun
bakim Unitesi

discharge. Midodrine, an oral ay-adrenergic agonist,
received accelerated approval by the U.S. Food and
Drug Administration (FDA) in 1996 for the treatment of
symptomatic orthostatic hypotension (1).

In this case report, it was indicated that midodrine
may be considered as an option during vasopressor
weaning in an ICU patient when no other specific
cause of refractory hypotension is identified.
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Case Report

A 54-year-old woman with a known diagnosis of
schizophrenia was admitted to ICU of a university
hospital with confusion and suspicion of intoxication.
A suspicious box was found by relatives in the
patient’s residence. Box was submitted to Drug
and Poison Information Unit (HIZBIB), but due to
lack of necessary infrastructure, the sample could
not be analyzed. Given the initial presentation and
suspicion of intoxication; ethanol, methanol, and
urine toxicology analyses were performed as part
of the differential diagnosis. Toxicological screening
revealed no abnormalities; both ethanol and methanol
levels were negative. Cardiac evaluation, including
transthoracic  echocardiography, = demonstrated
preserved left ventricular systolic function, with an
ejection fraction of approximately 60%. The patient’s
initial Glasgow Coma Score (GCS) was 14, which
later deteriorated, requiring elective intubation.
Following admission to the ICU, urinalysis revealed
the presence of leukocyturia, a finding that prompted
clinicians to consider the possibility of urosepsis as
a potential diagnosis. Due to escalating vasopressor
requirements, with norepinephrine titrated up to 0.87
mcg/kg/min, empirical antibiotic therapy was initiated
with ampicillin-sulbactam, followed by piperacillin-
tazobactam. No microbial growth was detected
in urine or blood cultures. Despite adequate fluid
resuscitation, the patient remained hemodynamically
unstable. As a result, additional vasoactive agents—
adrenaline and dobutamine—were introduced.
Critical illness related corticosteroid insufficiency
was not ruled out and methylprednisolone was also
administered. Given a serum albumin level of 2.3 mg/
dL, albumin replacement therapy was administered.
However, due to progressive neurological deterioration
and increasing vasopressor requirements, elective
endotracheal intubation was performed. On ICU
day 3, the patient was successfully extubated.
Vasopressor requirement varied between 0.01-0.5
mcg/kg/min throughout the patient’s hospitalization.
Following improvement in clinical status and a decline
in acute-phase reactants, antibiotic therapy was
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discontinued. Nevertheless, the patient remained
hypotensive, necessitating ongoing vasopressor
support. Midodrine was recommended by the clinical
pharmacist to the patient due to the persisting need
for norepinephrine and administered to the patient as
2*2.5 mg/day posology. While midodrine was given,
0.1 mcg/kg/min of norepinephrine was continued
to the patient. 4 days after starting midodrine, the
patient’s norepinephrine requirement decreased to
0.03 mcg/kg/min. On the eighth day, the patient’s
norepinephrine was stopped and midodrine was
increased to 2*5 mg/day. During this period, the
patient did not need a vasopressor. On the fourteenth
day, the dose of midodrine was reduced to 2*2.5 mg/
day because the patient’s blood pressure was within
the normal range and the patient was transferred to
ward, where midodrine treatment was was maintained
at the same dose.

Discussion

Midodrine is an oral oy-adrenergic agonist which
undergoes enzymatic hydrolysis to form its
active metabolite desglymidodrine. It exerts its
sympathomimetic effect via activation of alpha
adrenergic receptors in the blood vessels which
causes an increase in venous return and blood
pressure (2). FDA proposed to withdraw approval of
midodrine because of lack of studies that verify the
clinical benefit of the drug in August 2010. However,
there were many studies declaring that midodrine is
effective in the treatment of refractory hypotension.
Anstey et al. showed that the rate of decline in
vasopressor requirements increased after initiation of
midodrine treatment. They hypothesize that midodrine
administration is effective to wean
vasopressors and shorten ICU and hospital length
of stay (3). According to the results of another study
carried out by Levine et al, midodrine treatment
was associated with an improve in the magnitude of
decline of the IV vasopressor dose (4). According to
the MIDAS trial conducted by Santer et al. midodrine
did not accelerate the discontinuation of intravenous
vasopressors. The median time to vasopressor

intravenous
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discontinuation was 23.5 hours in the midodrine
group compared to 22.5 hours in the placebo group,
a difference that was not statistically significant
(p=0.62). These findings do not support the routine
off-label use of midodrine for facilitating weaning
from intravenous vasopressors in critically ill patients.
Therefore, in cases such as the one presented, where
midodrine is considered for the management of
persistent hypotension in the intensive care setting,
it is essential to discuss the negative findings of the
MIDAS trial. While earlier small-scale observational
studies and case reports have suggested potential
benefits, the results of this randomized controlled
trial—providing a higher level of evidence—cast doubt
on the clinical efficacy of midodrine in this context (5).

Our case report indicates that four days after
initiating midodrine, the patient’s requirement for
norepinephrine was reduced. These findings imply
that although the evidence supporting the use of
midodrine in the treatment of refractory hypotension
is limited and of low quality, midodrine may be used
based on physicians’ clinical judgement to wean
patients from vasopressor therapy when another
specific cause of hypotension cannot be identified (6).

Conclusion

In patients who remain hypotensive despite
vasopressor therapy, there is limited and low-quality
evidence to support the use of midodrine when
weaning patients from vasopressors. It should be
considered that midodrine may be used to wean
hypotensive patients from vasopressor support when
all other clinical causes have been ruled out (6).
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