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Decreased human leukocyte antigen-D-related
expression on CD14" monocytes in patients with
out-of-hospital cardiac arrest provided target
temperature management therapy: a prospective
observational study
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Abstract \\
Background: Post—cardiac arrest syndrome involves systemic inflammation, which causes subsequent neurological impairments. We
investigated the influence of targeted temperature management (TTM) therapy in patients with out-of-hospital cardiac arrest (OHCA) after
return of spontaneous circulation (ROSC) by observing the changes in circulating CD14" monocytes and the expression of human leuko-
cyte antigen D—related (HLA-DR) and programmed cell death ligand 1 (PD-L1) in CD14" monocytes.

Methods: Adult patients admitted to the emergency department of Beijing Chao-Yang Hospital after OHCA between January 2017 and
March 2018 were included in this study. Thirty control subjects, 10 patients with OHCA, and 37 patients with OHCA who received 72 hours
of TTM therapy were enrolled. Peripheral blood samples of patients in the OHCA and TTM groups were collected on Days 1 and 3 (D1 and
D3) after ROSC and evaluated for HLA-DR and PD-L1 expression on CD14* monocytes using flow cytometry.

Results: Compared with control subjects, the percentage of circulating CD14" monocytes, HLA-DR*/CD14* monocyte ratios, and
mean fluorescence intensity were significantly decreased in patients with OHCA. After ROSC, HLA-DR expression in CD14 * monocytes
in the TTM group was lower than that in patients with OHCA. However, there were no significant differences in the percentage of PD-L1*/
CD14" monocytes or the mean fluorescence intensity between patients with OHCA and healthy volunteers.

Conclusion: After ROSC, circulating CD14* monocytes and HLA-DR*/CD14* monocyte ratios decreased significantly in patients with
OHCA. Human leukocyte antigen D-related expression in CD14" monocytes was lower in patients treated with TTM.
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Introduction with increased circulating inflammatory mediators leading to a sepsis-
like syndrome secondary to generalized ischemia/reperfusion.!'>!
This pathophysiological reaction is also one of the factors that cause
subsequent neurological impairments following OHCA.!
Targeted temperature management (TTM) is used to attenuate
post—cardiac arrest syndrome-related neurological injuries and im-
prove outcomes.*8! Maintaining a constant target temperature

Approximately 10% of patients with out-of-hospital cardiac arrest
(OHCA) survive in North America.l"’ Those who are comatose after
return of spontaneous circulation (ROSC) are admitted to the inten-
sive care unit for further treatment. Whole-body ischemia and reper-
fusion in patients with OHCA lead to “post—cardiac arrest syn-

2] . ; o ’
drome” whose pathophysiology involves systemic inflammation (32-36 °C) for at least 24 hours delays the induction of proinflam-

matory cytokines in human peripheral blood mononuclear cells.”!

In addition, TTM can impair neutrophil and macrophage function,
HS and WY contributed equally to this article. decrease white blood cell counts, and inhibit complement system ac-
All data generated or analyzed during this study are included in this published tivation.'®! Diminished monocyte human leukocyte antigen D-
article. related (HLA-DR) expression on the cell surface reflects immuno-
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its magnitude and persistence over time.''! However, the main
functions of monocyte phagocytosis, antigen expression, and cyto-
kine production are mediated by surface molecules, such as CD14
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tion, tolerance, and immunopathology.!'>*3! However, the role of this
pathway in TTM remains unclear. In this study, we investigated the in-

Received: 17 July 2023; Accepted: 3 January 2024 fluence of TTM therapy at 33 °C for 72 hours in patients with OHCA
Published online: 29 February 2024 after ROSC by observing changes in circulating CD14* monocytes and
http://dx.doi.org/10.1097/EC9.00000000000001 18 the expression of HLA-DR and PD-L1 on CD14* monocytes.
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Materials and methods
Study population

This prospective clinical observational study was approved by the
Medical Ethics Committee of Beijing Chao-Yang Hospital. The
study conformed to the guidelines of the Declaration of Helsinki.
Adult patients admitted to the emergency department of Beijing
Chao-Yang Hospital after OHCA between January 2017 and
March 2018 were included in this study. The inclusion criteria were
ROSC >24 hours and a Glasgow Coma Scale score <8 after ROSC.
Exclusion criteria were as follows: age younger than 18 years, termi-
nal stage of a disease (eg, malignant cancer of any type or AIDS), or
receipt of immunosuppressive therapy in the last 3 months. The
OHCA group included patients with ROSC, whose family members
refused TTM. To reduce bias, all patients who met the inclusion
criteria were recommended TTM by the same physician. The
TTM group included patients with ROSC treated with therapeutic
hypothermia (33 °C) for 72 hours. Patients treated with therapeutic
hypothermia were actively cooled using a surface-cooling device.
Active cooling was initiated immediately after the patient was ad-
mitted to the emergency department. There was an induction period
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of 4 hours to achieve the target temperature, followed by a mainte-
nance period of 72 hours with subsequent rewarming at no more
than 0.5 °C per hour to 37 °C. Thirty age- and sex-matched control
subjects with no history of or current clinical disease were enrolled
in this study. Written informed consent was obtained from all the
patients (when possible) and volunteers. Consent for patients who
were unable to respond was obtained from their first-degree rela-
tives. All patients were treated according to the 2015 International
Consensus on Cardiopulmonary Resuscitation guidelines.

Data collection

Demographic, resuscitation, and clinical and laboratory data were
collected upon admission. Clinical data included age, sex, comor-
bidities, and the causes and characteristics of cardiac arrest. Labora-
tory data were collected at 2 time points: Day 1 (D1) (24 + 4 hours
after OHCA) and D3 (72 hours after OHCA). Healthy volunteers
donated samples for laboratory analysis only once under fasting
state at 8 AM. The Acute Physiology and Chronic Health Evaluation
II and Sequential Organ Failure Assessment scores were calculated
to assess the severity of cardiac event.['¥
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Figure 1. Representative flow dot plots of HLA-DR expression on CD14+ monocytes. (A) The monocyte population of CD14+in the healthy group. (B) HLA-DR
expression in health group. (C) HLA-DR expression in OHCA group Day 1. (D) HLA-DR expression in OHCA group Day 3. (E) HLA-DR expression in TTM group
Day 1. (F) HLA-DR expression in TM group Day 3. CD: cluster-of-differentiation; HLA-DR: human leucocyte antigen-D related. OHCA, out-of-hospital cardiac

arrest; TTM, targeted temperature management.
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Flow cytometry

Peripheral blood samples were collected in heparin tubes, trans-
ported, and immediately processed in a research laboratory. The ex-
pression of HLA-DR and PD-L1 in CD14* monocytes was mea-
sured using flow cytometry, according to the manufacturer’s recom-
mendations. Briefly, erythrocytes were lysed in a 100 pL peripheral
blood sample for 12 minutes, and the debris was removed. The cells
were then stained for 20 minutes in the dark and evaluated by a re-
searcher blinded to the clinical data. The following monoclonal an-
tibodies and their isotype controls were used: eFluor 450-labeled
anti-HLA-DR (2 pL; Thermo Fisher Scientific, Waltham, MA,
USA) and PE-labeled anti-CD14 (2 pL; BD Bioscience, Beijing,
China). Samples were run on a Gallios Flow Cytometer (Beckman
Coulter, Brea, CA, USA) and analyzed using Gallios Software Ver-
sion 1.0 (Beckman Coulter). Lymphocytes were gated using for-
ward- and side-scatter techniques. Monocytes were identified using
CD14" staining (Fig. 1). At least 3000 cells were analyzed for each
sample. The thresholds for HLA-DR and PD-L1 expression for
CD14* monocyte gating were defined using isotype controls. The
results are expressed as percentages and mean fluorescence intensity
(MEI).

Statistical analyses

Statistical analyses were performed using the SPSS version 24.0 soft-
ware (IBM Corp, Chicago, IL). For skewed distribution data, vari-
ables were expressed as the median and 25th and 75th percentiles.
The Kruskal-Wallis test was applied for multigroup comparisons,
and the Mann-Whitney U test was used to compare 2 groups.
Wilcoxon signed-rank test was used to compare the differences in
variables at different time points. Qualitative parameters were ana-
lyzed using x* tests. Continuity correction or Fisher exact test was

www.eccmjournal.org

used for further analyses. All statistical tests were 2-tailed, and sta-
tistical significance was set at P < 0.05.

Results
Patient characteristics

In this study, 47 patients with OHCA and 30 control subjects were
enrolled. Patients with OHCA were divided into 2 subgroups: 10 pa-
tients in the normal-temperature group and 37 in the TTM group.
There were no significant differences in age, sex, or correlative dis-
eases among the patients in the 3 groups. Detailed demographics, co-
morbidities, and prehospital data are shown in Table 1. In this study,
1 of 10 patients in the OHCA group and 4 of 37 patients in the TTM
group who died within 3 days after ROSC were analyzed only on D1.

Circulating CD14* monocytes and programmed cell
death ligand 1 expression in control subjects and the
out-of-hospital cardiac arrest group

Compared with control subjects (5.9 [5.1, 6.5]), the percentage of
circulating CD14" monocytes (CD14" %) was significantly de-
creased on D1 in patients with OHCA (3.3 [3.2, 3.7], P = 0.026). Be-
tween patients with OHCA and TTM, those with TTM showed a
lower percentage (2.8 [1.5, 3.5], P < 0.001) on D1. Similar results
were observed for D3.

There were no significant differences in the percentages of PD-
L1*/CD14* monocytes between patients with OHCA and healthy
volunteers ( P > 0.05). In addition, there was no statistically signifi-
cant difference in the MFI of PD-L1 expression on CD14" mono-
cytes between patients with OHCA and TTM (P > 0.05). Table 2
presents the results of the study.

Patient Characteristics of the Study Population

Healthy Control Group (n = 30) OHCA Group (n =10) OHCA With TTM Group (n = 37) P

Age, y 57.0 (42.0, 71.7) 61.0 (50.2, 74.5) 65.0 (63.5, 76.5) 0.243
Male 18 (60%) 7 (70%) 24 (64.8%) 0.831
Comorbidities

Hypertension 8 (26.7%) 5 (50%) 19 (51.4%) 0.106

Diabetes 2 (6.7%) 3 (30%) 12 (32.4%) 0.033

Coronary artery disease 1(3.3%) 3 (30%) 8 (21.6%) 0.030

Congestive heart failure 0 1 (10%) 6 (16.2%) 0.624

COPD 1 (3.3%) 1(10%) 4 (10.8%) 0.466

Renal failure 0 1(10%) 9 (24.3%) 0.326

Previously cerebral stroke 0 0 2 (5.4%) 0.585
Cardiac arrest cause

Cardiac 3 (30%) 10 (27.0%) 0.852

Respiratory 5 (50%) 19 (51.4%) 0.940

Cerebral 1(10%) 6 (16.2%) 0.624

Others 1(10%) 2 (5.4%) 0.521
Initial resuscitation

Time to ROSC, min 16.5 (5.0, 22.5) 18.0 (12.0, 30.0) 0.252

Adrenaline, mg 3(1,5) 3(2,5) 0.513
Initial rhythm

Ventricular arrhythmia 3 (30%) 11 (30%) 0.987

Asystole and pulseless activity 7 (710%) 26 (70%) 0.987
APACHE Il score 31.5 (285, 36.2) 33.0 (28.5, 36.9) 0.808
SOFA score 11.0 (9.0, 13.2) 11.0 (10.0, 12.5) 0.808
Day 28 mortality 6 (60%) 22 (59.5%) 0.975

Data are n (%) and median (interquartile range). Other cardiac arrest causes included poisoning and unexplained causes.
APACHE II, Acute Physiology and Chronic Health Evaluation II; COPD, chronic obstructive pulmonary disease; OHCA, out-of-hospital cardiac arrest; ROSC, return of spontaneous circulation; SOFA, Sequential Organ Failure

Assessment; TTM, targeted temperature management.
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Figure 2. Changes in circulatory CD14™ monocyte ratios, percentages, and MFI of HLA-DR™ on CD14* monocytes in the normal, OHCA, and TTM groups.
P < 0.05 compared with healthy control group; AP < 0.05 compared with OHCA control group. CD, cluster of differentiation; HLA-DR, human leukocyte
antigen D-related; MFI, mean fluorescence intensity; OHCA, out-of-hospital cardiac arrest; TTM, targeted temperature management.

effect, including a decrease in white blood cell count'®**! and blocking

the release of proinflammatory cytokines.”?>** This action may
buffer excessive inflammatory reactions caused by cardiac arrest, which
can play a neuroprotective role. Hypothermia can also impair neutrophil
and macrophage function. The suppression of inflammatory responses
occurs in all organs and may lead to an increased risk of secondary
infections, especially pneumonia.””’! Indeed, many clinical studies
have reported high infection rates in patients treated with prolonged
(>24 hours) therapeutic cooling.*®! Owing to these conflicting results,
identifying appropriate methods to dynamically monitor the balance
between immune function and inflammatory mediators in patients
with TTM may be an ideal approach for future clinical treatment.

Limitations

This study had several limitations. First, the sample size was rela-
tively small. This was a single-center study, and the findings need
to be confirmed in a multicenter study. The lack of randomization
against clinically relevant controls introduces the risk of confound-
ing factors. Second, this study had a potential selection bias due to
subgrouping after OHCA. In this study, the advanced care protocol
and decision to implement TTM were usually determined by both
the physician’s preference and the willingness of the family or care-
giver to pay TTM fees. These clinical and cultural selection factors
may have biased TTM results. Finally, as this study was observa-
tional, we only observed early changes and did not perform dy-
namic observations on subsequent days. Dynamic observations of
a longer duration would be helpful in evaluating the immunity of
patients with OHCA with normal temperature and TTM.

Conclusion

After ROSC, circulating CD14" monocytes and HLA-DR*/CD14*
monocyte ratios decreased significantly in patients with OHCA.
Human leukocyte antigen D-related expression in CD14* mono-
cytes was lower in patients treated with TTM.
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