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Purpose: The study aimed to determine the impact of Carbapenem-resistant Enterobacterales (CRE) colonization status on devel-
opment of CRE infection and 30-day mortality outcomes in high-risk patients.

Patients and Methods: This retrospective cohort study was conducted at King Faisal Specialist Hospital and Research Center in
Jeddah, Saudi Arabia from October 2022 to July 2023. It included all patients aged 14 years and older admitted to the intensive care
unit (ICU), the renal transplant unit and the oncology units who were screened for CRE colonization upon hospital admission.
Results: Overall, 246 patients comprised the study population and 37 patients (56.8% ICU, 13.5% renal transplant unit, and 29.7%
oncology units) had a positive CRE screening test. The majority of the isolates (59.5%) were OXA-48. Almost one-third (32.1%) of
the patients had diabetes mellitus and 55.3% had any underlying immunosuppression. Eight (3.3%) patients had a confirmed CRE
infection and 35 (14.2%) patients died within 30 days of screening. A positive CRE screening test significantly increased the
likelihood of 30-day mortality for this high-risk patient population (adjusted odds ratio [AOR] = 3.06, 95% CI = 1.10-8.51, p = 0.03).
Conclusion: A substantial percentage of the high-risk patients had a positive CRE screening test at the time of hospital admission and
CRE-colonization status predicted 30-day mortality. Further studies are needed to determine the best practices for CRE screening as
a strategy to prevent infection and mortality.
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Introduction
Bacterial infection is a primary concern for over 50% of patients admitted to intensive care units (ICUs), with increasing
prevalence globally and with an alarming impact on mortality, hospital resources, and cost burden.' Infection caused by
multi-drug-resistant organisms (MDROs) in particular, including Carbapenem-resistant Enterobacterales (CRE), is
particularly challenging in terms of increased risk of ICU admission and a 50% chance of mortality.'*

The development of CRE infections has become more commonly and independently associated with solid organ
transplant (SOT) recipients.”® Possible reasons for this include a frequent need for antimicrobial therapy, admission to
the ICU, poor functional status, and the need for mechanical ventilation and prolonged hospitalization.”® There is great
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variation in post-SOT CRE infection incidence by institution and by the type of transplant. A median time of <60 days
from time of transplant to CRE infection has been reported in several studies, indicating that infection usually occurs
early after transplant.” Mortality rates between 30-50% have been reported for SOT patients that contract CRE infections
and the one-year survival rate of 164 SOT recipients with invasive CRE infections that developed in the first year of
transplant was 72%.%°

A systematic review of ten studies with a total 1806 patients looking at the risk of infection in CRE-colonized patients
revealed a cumulative infection rate of 16.5%.'° A retrospective matched cohort study also showed that CRE-colonized
ICU patients were at least twice as likely to develop CRE infection with the colonizing strain compared to matched non-
colonized ICU patients.'" Studies have shown increased risk of infection and mortality in CRE-colonized patients
admitted to the ICU."""'? In addition, a recently conducted retrospective study of hospitalized adult patients with
COVID-19 reported that 30% of the patients were diagnosed with rectal carriage and 20% of the patients had blood-
stream infections and/or pneumonia from Klebsiella pneumonia and/or carbapenem-resistant Acinetobacter baumannii."
Although there was no significant impact on in-hospital mortality, further studies are needed to provide insight into the
relationship between CRE colonization, infection, and mortality in this patient population.'?

In Saudi Arabia where OXA-48 is the predominant carbapenemase, there is limited information concerning the
relationship between CRE colonization, infection, and mortality.'*'> The current study aimed to determine if there is an
association between CRE colonization status at the time of hospital admission and subsequent CRE infection and
mortality within 30 days of the screening date for high-risk patients including critically ill ICU, renal transplant, and
oncology patients at a tertiary care hospital.

Material and Methods
Study Design and Patient Population

Data for this retrospective cohort study came from the medical records of critically ill, renal transplant recipient, and
oncology patients at King Faisal Specialist Hospital & Research Center, a tertiary care hospital in Jeddah, Saudi Arabia.
Patients aged 14 years and older admitted to the intensive care unit (ICU) or for renal transplantation who consented to
CRE screening and testing for CRE infection were included. The final study population consisted of 246 critically ill,
renal transplant, and oncology patients admitted to the hospital between October 2022 and July 2023 inclusive.

The primary outcomes of interest in this study were a diagnosis of CRE infection and mortality within 30 days of
screening for CRE colonization.

Microbiological Procedures
The main exposure of interest, CRE gastrointestinal carriers, was assessed during active surveillance testing by means of
rectal swab specimen collection. Patients were screened for CRE carriage using molecular testing upon admission to the
hospital for oncology and transplant patients, and upon ICU admission for critical care patients. The rectal swabs were
collected within the first 24 hours after a patient’s admission to the unit. A nylon flocked swab system was utilized for
sample collection, which was promptly transported to the laboratory for subsequent processing. Early detection enabled
the rapid identification of colonized patients, allowing for timely implementation of targeted infection control measures,
including patient isolation and contact precautions. This proactive approach is essential for mitigating the risk of CRE
transmission and preventing hospital-wide outbreaks.'®

The gene associated with CRE was tested to confirm colonization during baseline surveillance. The baseline
surveillance test was completed within one hour and 20 minutes. CRE was detected using the rectal swab and reported
as detected or not detected. Patients who developed CRE infection were further evaluated by confirming the infection
through culture methods, molecular testing, and assessment of antimicrobial susceptibility. Laboratory tests were
performed to determine molecular typing of positive CRE screening and infection results.

Once the isolated colony of bacteria grew on blood agar, the Vitek 2 system (bioMérieux, Marcy L’étoile, France) was
used for bacterial identification and the N-291 card was used for susceptibility testing as phenotypic methods for
confirming CRE following the methodology from the Clinical Laboratory Standards Institute (M-100, 33rd Edition).
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Molecular methods have only recently become available for detecting carbapenemase genes directly from clinical
specimens. When carbapenem susceptibility results were inconclusive of carbapenemase production in bacterial isolates
of Enterobacterales, the E-test including imipenem and meropenem was used as a confirmation for carbapenemase
production.

The Cepheid Xpert Carba-R assay (Cepheid, Sunnyvale, CA, USA), an automated in vitro diagnostic test for the
qualitative detection of the blaypc, blanpm, blaviv, blaoxa-as, and blapp gene sequences differentiates these sequences
that have been linked to carbapenem resistance in gram-negative bacteria and provides a non-detected result for other
sequences.'” Gene resistance is associated with carbapenem nonsusceptibility in Enterobacterales. The Xpert Carba-R
assay was used to test confirmed isolates from the culture following recommended procedures to detect and differentiate
blaxpc, blanpwm, blayiv, blaoxa-ag, and blapp gene sequences. This assay is performed using the GeneXpert instrument
system and can be used with rectal swab specimens.

Data Collection and Statistical Analysis

Information abstracted from the medical records concerning possible predictors of CRE infection and mortality included:
demographic data, intensive care unit (ICU) admission status, comorbid conditions, Charlson Comorbidity Index (CCI),
underlying immunosuppression, laboratory tests performed within 24 hours of admission, need for interventions such as
mechanical ventilation in the 30 days prior to CRE screening, and antibiotics taken by patients.

Descriptive statistics were generated for exposure, outcome, and predictor variables according to distribution of the
data. Normality was assessed for continuous variables using Shapiro—Wilk and Kolmogorov—Smirnov tests and by
observing the mean, median, skewness, kurtosis, and histogram results for each variable. The associations between the
CRE screening test result and exposure variables and the outcome of mortality and predictor variables were determined
using the Wilcoxon rank-sum test, the Chi-Square test, and Fisher’s exact tests. The associations between CRE screening
test result and CRE infection and between CRE infection and mortality within 30 days were also described using Fisher’s
exact test. All predictor variables significantly associated with the CRE screening test result and with mortality in
univariate analysis, in addition to gender, were included in a multivariable logistic model to predict mortality within 30
days. SAS software version 9.4 was used to perform analyses and significance was determined at an a = 0.05 level. This
study was approved by the King Faisal Specialist Hospital & Research Center institutional review board in Jeddah.

Results

Overall, 246 critically ill, renal transplant recipient, and oncology patients comprised the study population aged 14 years
and older with 56.5% of the population being male (Table 1). The median (interquartile range [IQR]) for patient age was
52.5 (36.0-65.0) years. Just under half (45.7%) of the patients were admitted to the ICU during their hospital stay while
23.7% were included from the renal transplant unit and 30.6% were included from the oncology units. Almost one-third
(32.1%) of the patients had diabetes mellitus and over half (55.3%) had an underlying immunosuppression. There were

Table | Demographic and Clinical Characteristics of Study Population
at Baseline (n=246)

Variable n (%) Median (IQR)?
Age (years) 52.5 (36.0-65.0)
Gender

Male 139 (56.5)

Female 107 (43.5)
Patient type

ICU 112 (45.7)

Renal transplant 58 (23.7)

Oncology 75 (30.6)

(Continued)
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Table | (Continued).

Variable n (%) Median (IQR)?

Comorbidities

IHD 28 (11.4)
HF 24 (9.8)
PVD 16 (6.5)
CVA 24 (9.8)
CKD 45 (18.3)
ESRD 50 (20.3)
HIV 1 (0.4)
Dementia 5(2.0)
COPD 5 (2.0)
Connective tissue disease 2 (0.8)
Peptic ulcer disease 0 (0.0)
Chronic liver disease 13 (5.3)
DM 79 (32.1)
Hemiplegia/paraplegia 1 (0.4)
Solid malignancy 65 (26.4)
Hematological malignancy 43 (17.5)
Solid organ transplant 15 (6.1)
Bone marrow transplant 8 (3.3)
Other® 35 (14.2)
Any underlying immunosuppression 136 (55.3)
Charlson comorbidity Index 4 (2-6)
Previous hospitalization within 3 months 107 (43.5)
In the 30 days prior to CRE screening:
Carbapenem exposure 43 (17.5)
Mechanical ventilator 28 (11.4)
Central line 35 (14.3)
Peg tube feeding 4 (1.6)
Need for vasopressors 46 (18.7)
SOFA score at admission 4 (1-6)
WBC (10°/L) at admission 7.9 (5.5-12.7)
CRE screening test
Positive 37 (15.0)
Negative 209 (85.0)
Molecular typing of screening test (n=37)°
KPC 3(8.1)
NDM 16 (43.2)
VIM 5(13.5)
OXA-48 22 (59.5)

Notes: *reported according to distribution of the data; ®includes more than 20 different
conditions; “more than one CRE molecular type possible per patient.

Abbreviations: SD, standard deviation; IQR, Interquartile Range; ICU, intensive care unit;
IHD, ischemic heart disease; HF, heart failure; PVD, peripheral vascular disease; CVA,
cerebral vascular accident; CKD, chronic kidney disease; ESRD, end-stage renal disease;
HIV, human immunodeficiency virus; AIDS, acquired immunodeficiency syndrome; COPD,
chronic obstructive pulmonary disease; DM, diabetes mellitus; CRE, Carbapenem-resistant
Enterobacterales; SOFA, sequential organ failure assessment; WBC, white blood cell.

107 (43.5%) patients that had been hospitalized within the previous three months. Thirty days prior to CRE screening,
17.5% of the patients had exposure to carbapenem and 14.3% had a central line placed. The median Charlson

comorbidity index was 4 and the median sequential organ failure assessment (SOFA) score was 4 for this patient
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population. There were 37 (15.0%) patients with a positive CRE screening test upon admission to the hospital with the
majority of the isolates (59.5%) being OXA-48 producers (Table 1).

During their hospital stay, 8 (3.3%) patients developed a confirmed CRE infection by positive culture (three
Escherichia coli and five Klebsiella pneumoniae isolates) that was clinically established within 30 days of CRE screening
with most of these isolates (37.5%) also being OXA-48 (Table 2). Our protocol for the treatment of CRE infections is as
follows: patients with molecular typing revealing the OXA 48 gene are treated with Ceftazidime/Avibactam, while those
with the NDM gene are treated with a combination of Ceftazidime/Avibactam in addition to Aztreonam. Just over three-
quarters (78.0%) of the patients were discharged from the hospital during the study period while 35 (14.2%) patients died
within 30 days of CRE screening (Table 2).

Univariate analyses showed that the association between the Charlson comorbidity index score and the screening test
result was significant with a median score of 6.0 for patients with a positive CRE screening test compared to a median of
3.0 for patients with a negative screening test result (p = 0.00) (Table 3). While 8.1% of the patients with a positive
screening test had dementia, 1.0% of the patients with a negative screening test had this comorbid condition (p = 0.03)
whereas 19.6% of the patients with a negative screening test had a hematological malignancy compared to 5.4% of the
patients with a positive screening test having this condition (p=0.04). Having been hospitalized in the previous 3 months
(p = 0.00) and exposure to carbapenem in the 30 days prior to CRE screening (p < 0.00) were also significantly
associated with the CRE screening test result. While 13.5% of the patients with a positive CRE screening test developed
a CRE infection within 30 days, 1.4% of the patients with a negative CRE screening test developed a CRE infection
(p=0.00) (Table 3).

In a univariate model predicting mortality, a positive CRE screening test result was significantly associated with death
where 40.0% of patients who died had a positive CRE test result compared to 10.9% of patients who did not die having
a positive test result (p < 0.00) (Table 4). Almost three-fourths (74.3%) of the patients who died were male (p=0.02) and
were ICU patients (p=0.00). Higher median Charlson comorbidity index and SOFA scores were also significantly
associated with mortality in univariate analyses (p < 0.00). Almost half of the patients who died needed vasopressors
compared to 13.7% of the patients who did not die (p < 0.00). There was no significant association between CRE
infection status and mortality (p = 0.09) in this patient population (Table 4).

The multivariable model predicting mortality for this high-risk patient population revealed that a positive CRE
screening test significantly increased the likelihood of 30-day mortality (adjusted odds ratio [AOR] = 3.06, 95% CI =
1.10-8.51, p = 0.03) (Table 5). Patients who had exposure to carbapenem in the 30 days prior to CRE screening were

Table 2 Outcomes of Study Population (n=246)

Variable n (%)

CRE infection within 30 days from CRE screening date 8 (3.3)
Escherichia coli (n=3)
Klebsiella pneumonia (n=>5)

Type of CRE infection (n=8)

Urinary tract infection 6 (75.0)
Hospital acquired pneumonia 1 (12.5)
Central line-associated bloodstream infection 1 (12.5)

Molecular typing of CRE infection (n=8)*

VIM I (12.5)

OXA-48 3 (37.5)

Other 2 (25.0)
Discharged from hospital® 188 (78.0)
Death within 30 days 35 (14.2)

Notes: “not available for all patients with one patient having more than one CRE
infection type including VIM and OXA-48; Pinformation available for n=241
patients.

Abbreviation: CRE, Carbapenem-resistant Enterobacterales.
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Table 3 Univariate Analyses of the Associations Between Demographic/Clinical Variables and

Positive CRE Screening Test Result

Demographic/Clinical Variable CRE Screening Test® p-Value
Positive (n=37) | Negative (n=209)

Age (years) 56.3 (45.6-70.0) 50.6 (35.0-64.1) 0.03
Charlson comorbidity Index 6.0 (3.0-9.0) 3.0 (2.0-6.0) <0.01
SOFA Score 4.0 (3.0-8.0) 4.0 (1.0-6.0) 0.05
WBC (10°/L) 9.3 (5.5-17.4) 7.8 (5.5-12.1) 0.21
Gender

Male 20 (54.1) 119 (56.9) 0.74

Female 17 (45.9) 90 (43.1)
Patient type

ICU 21 (56.8) 91 (43.8)

Renal transplant 5(13.5) 53 (25.5) 0.22

Oncology 11 (29.7) 64 (30.8)
DM® 15 (40.5) 64 (30.6) 0.23
Dementia® 38.1) 2 (1.0) 0.03
Hematological malignancy® 2 (54) 41 (19.6) 0.04
Any underlying immunosuppression 22 (59.5) 114 (54.6) 0.58
Previous hospitalization within 3 months 25 (67.6) 82 (39.2) <0.01
Need for vasopressors 13 (35.1) 33 (15.8) 0.01
Carbapenem exposure 15 (40.5) 28 (13.4) <0.01
Mechanical ventilator 6 (16.2) 22 (10.5) 0.40
Central Line 9 (25.0) 26 (12.4) 0.05
Peg tube feeding 2 (54) 2 (1.0) 0.11
CRE infection within 30 days of screening date 5(13.5) 3(1.4) <0.01

Notes: *values provided according to statistical test performed with median (IQR) for non-normally distributed variables
and n(%) for Chi-sq/Fisher’s exact tests; ®includes just comorbidities with significant associations; percentages may total >

100 due to rounding.

Abbreviations: SOFA, sequential organ failure assessment; WBC, white blood cell; ICU, intensive care unit; DM,
diabetes mellitus; CRE, Carbapenem-resistant Enterobacterales.

Table 4 Univariate Analyses of the Association Between Predictor Variables and Mortality

Predictor Died® P-Value
Yes (n=35) No (n = 211)
Age (years) 62.1 (45.2-70.0) | 50.4 (33.8-64.2) 0.0l
Charlson comorbidity Index 7.0 (4.0-9.0) 3.0 (2.0-6.0) <0.01
SOFA Score 8.0 (4.0-12.0) 4.0 (1.0-5.0) <0.01
WBC (10°IL) 10.0 (4.6-19.0) 79 (5.7-11.9) 0.54
Gender
Male 26 (74.3) 113 (53.6) 0.02
Female 9 (25.7) 98 (46.6)
Patient type
ICU 26 (74.3) 86 (41.0)
Renal transplant 1 (2.9) 57 (27.1) <0.01
Oncology 8 (22.9) 67 (31.9)
PVD® 6 (17.1) 10 (4.7) 0.02
DM 17 (48.6) 62 (29.4) 0.02
Chronic liver disease” 6 (17.1) 7 (3.3) 0.00
Any underlying immunosuppression 22 (62.9) 114 (54.0) 0.33
Previous hospitalization within 3 months 20 (57.1) 87 (41.2) 0.08
(Continued)
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Table 4 (Continued).

Predictor Died® P-Value
Yes (n=35) No (n = 211)
Need for vasopressors 17 (48.6) 29 (13.7) <0.01
Carbapenem exposure 21 (60.0) 22 (10.4) <0.01
Mechanical ventilator 7 (20.0) 21 (10.0) 0.09
Central Line 9 (25.7) 26 (12.4) 0.04
Peg tube feeding 1 (2.9) 3 (1.4) 0.46
CRE screening test (positive) 14 (40.0) 23 (10.9) <0.01
CRE infection within 30 days of screening date 3 (8.6) 5(24) 0.09

Notes: “values provided according to statistical test performed with median (IQR) for non-normally distributed
variables and n(%) for Chi-square (Chi-sq)/Fisher’s exact tests; includes just comorbidities with significant associa-
tions; percentages may total > 100 due to rounding.

Abbreviations: SOFA, sequential organ failure assessment; WBC, white blood cell; ICU, intensive care unit; PVD,
peripheral vascular disease; DM, diabetes mellitus; CRE, Carbapenem-resistant Enterobacterales.

Table 5 Multivariable Analysis Predicting Mortality by CRE
Screening Test and Predictor Variables

Predictor OR 95% CI p-Value
Age (years) 0.99 | (0.96-1.02) 0.41
Gender (female) 0.25 | (0.09-0.69) 0.01

Charlson comorbidity Index 1.32 | (1.08-1.61) 0.01
CRE screening test (positive) | 3.06 | (1.10-8.51) 0.03

Carbapenem exposure 6.49 | (2.35-17.9) <0.01
Need for vasopressors 2.76 | (0.94-8.04) 0.06
Central line 0.44 | (0.13-1.54) 0.20

Abbreviations: CRE, Carbapenem-resistant Enterobacterales; OR, odds
ratio; Cl, confidence interval.

6.49 times more likely than patients who did not have exposure to carbapenem to die (AOR = 6.49, 95% CI =2.35-17.9,
p = 0.00). A one unit increase in Charlson comorbidity score was associated with the odds of death being increased by
32% (AOR = 1.32, 95% CI = 1.08-1.61, p = 0.01). Female patients had a 75% decrease in the odds of mortality
compared to male patients (AOR = 0.25, 95% CI = 0.09-0.69, p = 0.01). (Table 5) The association between CRE
screening test result and mortality remained significant when type of patient was included in the multivariable model.

Discussion
The principal findings in this study revealed that a considerable percentage of the high-risk patients included (15.0%) had
a positive CRE screening test at the time of hospital and ICU admission. The patients colonized with CRE were
significantly more likely to: have dementia; have higher Charlson comorbidity index scores; have been hospitalized
within the previous 3 months; have a need for vasopressors; have had previous exposure to Carbapenems; and have
developed CRE infection within 30 days of CRE screening. After adjusting for other factors, the relationship between
CRE-colonization at the time of hospital admission and 30-day mortality in this patient population remained significant
while, in a previous study, the relationship between 90-day mortality and CRE colonization was only significant in
univariable analysis.'* A systematic review, however, showed that colonization or infection by CRE was associated with
an overall mortality of 10%."°

The multivariable model in this study indicated there are several predictors of 30-day mortality in this patient
population. As seen in this study, previous studies have shown that Charlson comorbidity index score and previous
exposure to carbapenems are predictors of mortality in similar populations of patients either colonized with or infected
with CRE.'*'%'%1% In this patient population, being female was protective against 30-day mortality. Similar to previous
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findings, a significantly higher percentage of patients in the current study colonized with CRE were more likely to
develop CRE infection compared to non-colonized patients with the majority of the isolates being OXA-48."

Baseline surveillance in the form of screening has been recommended to shed light on the epidemiology of CRE in
different settings.”® While some institutions have responded to outbreaks with stringent screening programs, other
institutions may not have active programs due to limited resources and a lack of clarity for how to implement
a screening policy.”” In order to reduce morbidity and mortality associated with this global infectious threat, prevention
and control of CRE needs to be improved.'®'® Surveillance at the molecular level can provide insight regarding antibiotic
resistance and can provide knowledge to inform prevention and control measures.”’ Based on the CRE screening test
findings in this study and previous studies from this region, institutions could benefit from implementing policies to
increase CRE screening.”? 2°

The United States Center of Diseases Control and Prevention (CDC) advises that patients in high-risk hospital
settings undergo screening for CRE colonization.”® This strategy has been widely utilized though the outcome on
infection control and antimicrobial stewardship remains uncertain and the expenses involved in the screening process
are considerable.””*® Some investigators have reported success in controlling infection spread using MDRO screening
and using fewer antimicrobials in the United States, Europe, and China.>* '

Similar to findings in this study where a substantial number of patients included had a positive CRE screening test
upon hospital admission, a previous study of 338 ICU patients revealed that 28% were colonized with cephalosporin-
resistant Enterobacteriaceae or with CRE upon ICU entry.'> CRE screening is performed using a highly sensitive and
specific test to determine whether a patient is colonized with resistant gram-negative organisms.>> Molecular based
screening tools provide a means to obtain test results more rapidly and whole genome sequencing allows for identifica-
tion of organisms through molecular typing.®>*** CRE screening may also be helpful in predicting the likelihood of other
infections developing including pneumonia, bacteremia, and sepsis in critically ill and transplant patients similar to the
patient population in this study.®>>*

Rapid identification of molecular typing has major infection control implications to prevent CRE spread within
hospitals. In addition, it can help guide antimicrobial therapy. A recent study evaluated a rapid diagnostic algorithm to
identify Gram-negative species and detect resistance markers from blood cultures.”® To prevent morbidity and mortality,
it is essential to reduce time to results in identifying bacterial type and antimicrobial susceptibility in CRE infections.

The current study has several strengths and limitations. A robust sample size and access to molecular testing for CRE
screening and subsequent infection provided further insight into the molecular epidemiology of CRE prevalence in the
region. Being able to follow the patients over time upon admission to a tertiary care hospital allowed for observation and
collection of possible predictor conditions and the subsequent outcomes of CRE infection and mortality. One limitation
was the small number of patients (n=8, 3.3%) that developed CRE infection during the study period with regards to being
able to further elucidate the relationship between CRE colonization, infection, and subsequent mortality. Due to the
retrospective nature of this cohort study, there may be other covariates that were not measured or not recorded in the
medical records that could be associated with CRE colonization, infection, and subsequent 30-day mortality.

In conclusion, our study revealed that a considerable proportion of high-risk patients are colonized with CRE.
Additionally, we identified risk factors associated with CRE colonization and their impact on patient outcomes. Although
data is still limited in our region, the molecular epidemiology of CRE infection in this region is quite distinct where
OXA-48 and NDM are the main genes associated with infection. Further studies are needed in this region and globally to
determine the best practices moving forward with regards to CRE screening as a strategy to prevent infection and
mortality in high-risk patients.

Data Sharing Statement
The datasets generated during and/or analyzed during the current study are available from the corresponding author on
reasonable request.
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The study proposal was approved by the institutional review board (IRB) of King Faisal Specialist Hospital & Research
Center, Jeddah, Saudi Arabia (RAC # 2023-156). Since this was a retrospective study, a waiver for informed consent was
granted by the IRB. The data for this study were anonymized and confidentiality was maintained throughout the study in
compliance with the Declaration of Helsinki. We can confirm that all organs were donated voluntarily with written
informed consent and that all procedures were conducted in accordance with the Declaration of Istanbul.
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