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ABSTRACT

Objectives: Patients after cardiac surgery with cardiopulmonary bypass (CPB) require a stay in the ICU
postoperatively. This study aimed to investigate the incidence of prolonged length of stay (LOS) in the
ICU after cardiac surgery with CPB and identify associated risk factors.

Methods: The current investigation was an observational, retrospective study that included 395 ICU
patients who underwent cardiac surgery with CPB at a tertiary hospital in Guangzhou from June 2015 to
June 2017. Data were obtained from the hospital database. Binary logistic regression modeling was used
to analyze risk factors for prolonged ICU LOS.

Results: Of 395 patients, 137 (34.7%) had a prolonged ICU LOS (>72.0 h), and the median ICU LOS was
50.9 h. Several variables were found associated with prolonged ICU LOS: duration of CPB, prolonged
mechanical ventilation and non-invasive assisted ventilation use, PaO,/FiO; ratios within 6 h after sur-
gery, type of surgery, red blood cell infusion during surgery, postoperative atrial arrhythmia, post-
operative ventricular arrhythmia (all P < 0.05).

Conclusions: These findings are clinically relevant for identifying patients with an estimated prolonged
ICU LOS, enabling clinicians to facilitate earlier intervention to reduce the risk and prevent resulting
delayed recovery.

© 2021 The authors. Published by Elsevier B.V. on behalf of the Chinese Nursing Association. This is an
open access article under the CC BY-NC-ND license (http://creativecommons.org/licenses/by-nc-nd/4.0/).

What is known?

What is new?

e Patients after cardiac surgery with cardiopulmonary bypass e A high proportion of prolonged LOS in the ICU occurred in pa-

(CPB) require a stay in the ICU postoperatively.

e Some patients require a prolonged length of stay (LOS) in the
ICU, while prolonged stays are associated with many factors.

e Previous studies, especially in China, have focused on risk fac-
tors for prolonged ICU LOS after surgery for one or all heart
diseases rather than on patients undergoing CPB.

* Corresponding author.

tients after cardiac surgery with cardiopulmonary bypass sug-
gests that early evaluation and intervention cannot be ignored.

e This study identifies factors, particularly early postoperative
factors (involved prolonged mechanical ventilation and non-
invasive assisted ventilation use and so on), associated with
prolonged intensive care unit stay in patients after cardiac sur-
gery with cardiopulmonary bypass.
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1. Introduction

Cardiopulmonary bypass (CPB) is regarded as one of the most
important advances in medicine in the 20th century [1]. In 2018,
approximately 70.85% of cardiovascular operations in 693 hospitals
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in China were performed under CPB to maintain normal blood
circulation without blood interference in the surgical field [2]. The
most common types of cardiac surgery performed with CPB are
heart transplants, combined coronary artery bypass grafts (CABG),
and valve surgery [3]. Improvements in the versatility and safety of
CPB have led to improvements in early outcomes [4]. Nevertheless,
side effects and postoperative complications associated with CPB
still occur, including pulmonary dysfunction [5], atrial fibrillation,
neurocognitive changes [6], acute kidney injury [7], inflammation,
and coagulation disorders [8]. Therefore, it is necessary for patients
to stay in the ICU postoperatively to monitor changes in their
condition and reduce complications.

Some patients require a prolonged length of stay (LOS) in the
ICU after CPB. The definition of prolonged ICU LOS is generally 3—7
days [5,9], while to optimize identification of those at high risk, a
definition of >72 h has been adopted [10,11]. Prolonged ICU LOS is
associated with higher rates of complications, medical care costs,
and mortality rates [12—14]. Thus, identifying risk factors associ-
ated with prolonged ICU LOS after cardiac surgery with CPB could
potentially yield multiple benefits. Several factors are associated
with prolonged ICU LOS, including age, oxygenation index (PaO;/
FiO, ratios), atrial fibrillation grading [15], type and duration of
surgery [13], pulmonary hypertension, prolonged ventilation [14],
duration of intubation, units of transfused blood, and inotrope
infusion time in the ICU [16].

Prolonged ICU LOS can have a variety of adverse effects on pa-
tients; therefore, it is particularly important to identify risk factors
associated with this parameter. Previous studies [5,9] have focused
on preoperative and intraoperative factors associated with pro-
longed ICU LOS after surgery; however, little is known about early
postoperative factors. Some scholars [9,17,18] in Europe and the
United States use EuroSCORE or Parsonnet to predict ICU LOS in
patients undergoing cardiac surgery, while others have demon-
strated that these models are not suitable for use in China [19] due
to inequalities in medical resource allocation and institutional
policies governing ICU discharge. Here, we investigated possible
risk factors for prolonged ICU LOS in a Chinese hospital. The aims of
the current study were to investigate the incidence of prolonged
ICU LOS after cardiac surgery with CPB and retrospectively identify
risk factors associated with prolonged ICU LOS.

2. Methods
2.1. Study design and participants

The present investigation was a retrospective observational
study conducted in the ICU of a tertiary hospital in Guangzhou,
South China, from June 2015 to June 2017. The study population
comprised patients admitted to the ICU after cardiac surgery with
CPB. The inclusion criteria were: patients who underwent cardiac
surgery (including isolated CABG, isolated or multiple valve sur-
gery, or valve surgery and CABG) with CPB, postoperative admission
to the ICU, and age >18 years. The exclusion criteria were: patients
who died within 72 h after surgery or were transferred from the ICU
due to non-therapeutic factors, such as financial difficulties.

2.2. Data collection

The study was approved by the institutional review board of the
Anthropology Department at Sun Yat-Sen University (No.
SYSUIRBDA20170630), and the requirement for informed consent
was waived. With the permission of the hospital and the ICU, the
electronic hospital records of patients who underwent cardiac
surgery with CPB from June 2015 to June 2017 were accessed,
including nursing, operation anesthesia, and CPB records. Data
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collection was carried out by two graduate students in June 2017.
All data were proofread by another person to ensure accuracy. Any
doubt about the data was resolved by the clinical teacher and the
medical record room manager to the greatest extent possible. In-
formation obtained from the electronic records included de-
mographic details, disease and perioperative clinical data, and ICU
LOS. Data collected were based on previous literature reports of
variables associated with prolonged ICU LOS.

Preoperative variables include the following: age, sex, educa-
tion, Body Mass Index (BMI), history of smoking, complications,
history of cardiac surgery, New York Heart Association (NYHA)
class, ejection fraction, N-terminal pro-brain natriuretic peptide
(NT-proBNP), creatine kinase MB (CK-MB), serum creatinine,
creatinine clearance rate and type of surgery. Intraoperative vari-
ables include the following: emergency, surgery time, duration of
CPB, duration of aortic occlusion and red blood cell (RBC). Post-
operative variables include the following: PaO,/FiO, within 6 h
after surgery, SaO, within 6 h after surgery, NT-proBNP, CK-MB,
serum creatinine, creatinine clearance rate, postoperative atrial
arrhythmia, postoperative ventricular arrhythmia, prolonged me-
chanical ventilation and non-invasive assisted ventilation use. We
used prolonged ICU LOS following cardiac surgery as the outcome
variable. There is no consensus definition of prolonged ICU LOS
following cardiac surgery. In China, it is generally accepted that the
definition of prolonged ICU LOS is a stay longer than 72 h.

2.3. Data analysis

Normally distributed continuous variables are presented as
means and standard deviations (SD). Non-normally distributed
continuous variables are presented as medians and interquartile
ranges. Categorical variables are presented as frequencies and
percentages. Patients were divided into two groups based on
whether their ICU stay after surgery was prolonged (>72 h). Uni-
variate analysis was used to evaluate factors potentially associated
with prolonged ICU LOS. Quantitative variables were compared
using the t-test. The Mann-Whitney test or the Kruskal-Wallis test
were used to analyze non-parametric data. Categorical variables
were compared using the chi-square test. Two-tailed P
values < 0.05 were deemed to indicate statistical significance. After
univariate analysis of factors that were potentially predictive of a
prolonged ICU LOS, all variables with P values < 0.05 in that analysis
were analyzed via binary logistic regression modeling to identify
independent risk factors that predicted a prolonged ICU LOS. IBM
SPSS version 25 was used for statistical analyses.

3. Results
3.1. Patient population

The study population included 395 patients who underwent
cardiac surgery with CPB and were subsequently admitted to the
ICU. Their mean age was 58 years, 47.1% were women, and 6.3% had
a history of cardiac surgery. Valve surgery was the most frequently
performed procedure (59.5%). The median ICU LOS was 50.9 h. A
total of 137 patients (34.7%) had prolonged stays (>72 h) in the ICU.
All demographic characteristics are shown in Table 1.

3.2. Univariate analysis

In univariate analysis, 16 variables were associated with a pro-
longed ICU stay at a significance level of P < 0.05 (Table 1), including
age, NT-proBNP, surgery type, history of cardiac surgery, hyper-
tension, and NYHA class. Intraoperative variables that differed
significantly between the prolonged and the non-prolonged ICU
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Table 1
Patient characteristics before cardiac surgery with cardiopulmonary bypass.
Characteristics All (n = 395) ICU LOS <72 h (n = 258) ICU LOS >72 h (n = 137) 1%z P
Age (years) 579 +11.6 56.1 +11.8 61.3 + 10.5 4.46 <0.001
Sex, male 209 (52.9) 138 (53.5) 71 (51.8) 0.10 0.753
Education 1.98 0.372
Primary school and below 152 (38.5) 98 (38.0) 54 (39.4)
Middle and high school 227 (57.5) 152 (58.9) 75 (54.7)
College and above 16 (4.0) 8(3.1) 8(5.8)
Body mass index (kg/m?) 227 +42 224 +44 233 +£39 1.95 0.052
History of smoking 127 (32.2) 84 (32.6) 43 (31.4) 0.07 0.793
Complications
Hypertension 130 (32.9) 74 (28.7) 56 (40.9) 6.09 0.014
Diabetes 89 (22.5) 54 (20.9) 35 (25.5) 1.09 0.296
Arrhythmia 161 (40.8) 99 (38.4) 62 (45.3) 1.00 0310
History of cardiac surgery 25 (6.3) 9(3.5) 16 (11.7) 10.34 0.002
NYHA class 7.76 0.035
Lorll 233 (59.0) 162 (62.8) 71 (51.8)
Il or IV 162 (41.0) 96 (37.2) 66 (48.2)
Ejection fraction 0.27 0.605
>50 317 (80.3) 209 (81.0) 108 (78.8)
<50 78 (19.7) 49 (19.0) 29 (21.2)
NT-proBNP (pg/mL) 1053.0 (351.3, 2310.0) 847.0 (311.4, 1995.0) 1468.0 (385.5, 2679.0) 3.83 <0.001
CK-MB (U/L) 11.0 (8.0, 15.0) 11.0 (8.0, 14.0) 12.0 (8.0, 15.0) 0.45 0.650
Serum creatinine (umol/L) 90.0 (77.0, 107.5) 90.0 (77.0, 104.0) 89.0 (78.0, 110.0) 1.20 0.230
Creatinine clearance rate (mL/min) 61.7 + 21.3 63.1 + 214 59.0 + 19.8 1.81 0.071
Type of surgery, n (%) 12.09 0.001
CABG or valve surgery 310 (78.5) 216 (83.7) 94 (68.6)
Combined CABG with valve surgery 85 (21.5) 42 (16.3) 43 (31.4)

Note: Data are n (%), Mean + SD or Median (Pas, P75). CABG = coronary artery bypass grafting. CK-MB = creatine kinase MB. LOS = length of stay. NT-proBNP = N-terminal pro-

brain natriuretic peptide. NYHA = New York Heart Association.

LOS groups in the univariate analysis included surgery time,
duration of CPB, RBC, and duration of aortic occlusion (Table 2).
The results of univariate analysis of associations between post-
operative variables and ICU LOS are shown in Table 3. PaO;/FiO»,
postoperative atrial arrhythmia, postoperative ventricular
arrhythmia, non-invasive assisted ventilation use, NT-proBNP, and
prolonged mechanical ventilation differed significantly between
the prolonged and non-prolonged ICU LOS groups (all P < 0.001).

3.3. Logistic regression analysis

Eight risk factors significantly associated with prolonged ICU
LOS in binary logistic regression analysis are shown in Table 4. The
factor most significantly associated with prolonged ICU LOS was
non-invasive assisted ventilation use, with an odds ratio (OR) of
7713 and a 95% confidence interval (CI) of 2.987—19.918
(P < 0.001). Other factors significantly associated with prolonged
ICU LOS included prolonged mechanical ventilation, Oxygenation
Index, postoperative ventricular arrhythmia and postoperative
atrial arrhythmia. Finally, the logistic regression model was statis-
tically significant (x> = 173.766, P < 0.001). The resulting model
passed the Hosmer-Lemeshow test (P = 0.538).

4. Discussion

In the current study, which was conducted at a single center in
China, the rate of prolonged ICU LOS (>72 h) after cardiac surgery
with CPB was 34.7%, which is substantially higher than that re-
ported in some other studies such as Nakasuji (13.0%) [20]. Patients
with prolonged ICU LOS after cardiac surgery are reportedly more
likely to experience postoperative complications and higher ICU
hospitalization costs, and identifying risk factors for prolonged ICU
LOS may contribute to reducing these burdens. Several conclusions
can be drawn from the data generated in the present study.

The five postoperative risk factors independently significantly
associated with prolonged ICU LOS in the current study were:
oxygenation index within 6 h after surgery, atrial arrhythmia,
ventricular arrhythmia, prolonged mechanical ventilation, and
non-invasive assisted ventilation use. The lung function of patients
with non-invasive auxiliary ventilation is impaired and airway
management is comparatively difficult in such patients, which can
affect their ICU LOS. Second, mechanical ventilation duration was
longer in patients with prolonged ICU LOS in the current study,
consistent with some previous investigations, in which prolonged
mechanical ventilation was associated with longer ICU LOS [21,22].
Weaning may be delayed in patients who require assisted venti-
lation, such as those with ventilator-associated lung injury and
pneumonia [23—25], and such patients may therefore spend more

Table 2

Patient characteristics during cardiac surgery with cardiopulmonary bypass.
Characteristics All (n = 395) ICU LOS <72 h (n = 258) ICU LOS >72 h (n = 137) X2/t P
Emergency 8(2.0) 6(2.3) 2(1.5) 0.04 0.719
Surgery time in minutes 309.9 + 80.0 2948 + 67.7 338.7 + 92.9 4.85 <0.001
Duration of CPB in minutes 137.6 +49.1 1274 + 413 156.8 + 56.6 5.86 <0.001
Duration of aortic occlusion in minutes 89.7 + 36.9 86.6 + 36.8 95.7 + 364 2.32 0.021
RBC (U) 46 +2.7 41 +24 55+3.1 4,95 <0.001

Note: Data are n (%) or Mean + SD. CPB = cardiopulmonary bypass. LOS = length of stay. RBC = red blood cell.
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Table 3
Early postoperative characteristics of patients after cardiac surgery with cardiopulmonary bypass.
Characteristics All (n = 395) ICU LOS <72 h (n = 258) ICU LOS >72 h (n = 137) x/t/Z P
Pa0,/FiO, within 6 h after surgery ? 33.42 <0.001
>400 mmHg 105 (26.9) 91 (35.5) 14 (10.4)
300—400 mmHg 151 (38.6) 96 (37.5) 55 (40.7)
<300 mmHg 135 (34.5) 69 (27.0) 66 (48.9)
Sa0, within 6 h after surgery (%) 70.1 + 10.6 70.7 + 8.9 69.0 + 13.3 1.51 0.131
NT-proBNP (pg/L) 525.5 (220.0, 1391.0) 379.0 (187.3, 1062.0) 848.0 (305.0, 2459.0) 459 <0.001
CK-MB (U/L) 55.0 (37.0, 78.0) 55.5 (38.0, 79.0) 54.0 (33.0, 76.0) 1.86 0.063
Serum creatinine (pumol/L) 93.5 (82.0, 107.0) 94.0 (83.0, 107.0) 90.0 (80.0, 107.0) 0.68 0.497
Creatinine clearance rate (mL/min) 59.7 + 17.8 60.8 + 17.1 57.8 + 19.0 1.54 0.124
Postoperative atrial arrhythmia 67 (16.9) 26 (10.1) 41 (29.9) 26.59 <0.001
Postoperative ventricular arrhythmia 43 (10.9) 11 (4.3) 32(23.4) 36.57 <0.001
Prolonged mechanical ventilation 79.32 <0.001
<24 h 302 (76.5) 233(90.3) 69 (50.4)
>24h 93 (23.5) 25(9.7) 68 (49.6)
Non-invasive assisted ventilation use 46 (11.5) 10(3.9) 36 (26.3) 48.81 <0.001

Note: Data are n (%), Mean + SD or Median (P25, P75). ® Four patients’ data were missing. 1 mmHg = 0.133 kPa. CK-MB = creatine kinase MB. LOS = length of stay. NT-
proBNP = N-terminal pro-brain natriuretic peptide; PaO,/FiO, = arterial blood partial pressure of oxygen/fraction of inspired oxygen. SaO, = oxygen saturation.

Table 4
Logistic regression analysis of patient length of stay in the intensive care unit after cardiopulmonary bypass adjusted by age and sex (n = 395).
Variable 6 SE P OR 95% CI
Combined CABG with valve surgery 0.806 0.341 0.018 2.240 1.147-4.373
Duration of CPB 0.012 0.003 <0.001 1.012 1.005—-1.018
RBC 0.134 0.056 0.016 1.143 1.025—-1.275
Pa0,/FiO, within 6 h after surgery
300—400 mmHg 1.190 0412 0.004 3.288 1.466—7.375
<300 mmHg 1.322 0418 0.002 3.753 1.654—8.512
Postoperative atrial arrhythmia 0.924 0.389 0.018 2.519 1.175-5.402
Postoperative ventricular arrhythmia 1.148 0.450 0.011 3.152 1.304-7.621
Prolonged mechanical ventilation 1.597 0.339 <0.001 4938 2.542-9.593
Non-invasive assisted ventilation use 2.043 0.484 <0.001 7.713 2.987-19.918

time in the ICU.

In the present study, patients with prolonged ICU LOS were
more likely to exhibit ventricular and atrial arrhythmia following
surgery. Arrhythmia is a common symptom of cardiovascular dis-
eases, and malignant arrhythmia is characterized by rapid onset
and rapid deterioration. In one study that monitored patients after
coronary surgery with CPB, atrial fibrillation was a significant risk
factor for prolonged ICU LOS [26]. Further, a systematic review that
assessed factors influencing ICU LOS after cardiac surgery in adults
found that atrial fibrillation/arrhythmia was associated with
increased ICU LOS [5]. A predictable reduction in the likelihood of
arrhythmias may contribute to reducing ICU LOS. The observation
in the current study that oxygenation index within 6 h after surgery
significantly influenced ICU LOS may be due to the use of non-
invasive assisted ventilation after cardiothoracic surgery which
improves oxygenation. Previous studies [27] have shown that a
lower oxygenation index is associated with a longer stay in ICU and
higher in-ICU mortality. It is relatively simple for nurses to detect a
low oxygenation index after cardiac surgery through early obser-
vation of patients [28], allowing doctors to receive timely infor-
mation and perform the early intervention.

Type of surgery was an independent significant predictive pre-
operative risk factor associated with prolonged ICU LOS in the
current study. The risk of prolonged ICU LOS in patients who un-
derwent combined CABG with valve surgery was 2.240 times
higher than that of patients who underwent CABG or valve surgery
alone (P = 0.018). Ghotkar et al. [29] analyzed data from 5,186
patients who underwent combined CABG, and reported that those
with hypertension tended to have longer ICU LOS, which is
consistent with the results of the current study.
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Two independently significant intraoperative risk factors for
prolonged ICU LOS were identified in this study: duration of CPB
and RBC during surgery. Further, this study showed that intra-
operative blood infusion is a factor influencing prolonged ICU LOS,
along with RBC during surgery. In an observational study that
included 20,377 patients who underwent cardiac surgeries at 39
hospitals in the USA, transfusions were administered to 36.8% of
patients [30]. Similar to previous investigations [31,32], in this
study, the use of blood products due to hemorrhage was identified
as a predictor of ICU LOS >72 h. In addition, in the present study,
CPB duration contributed to prolonged ICU LOS, indicating that
patients with more complex conditions or undergoing complicated
operations are more likely to have prolonged ICU LOS. This is
consistent with previous reports [5,33,34].

In this study, the rate of prolonged ICU LOS after cardiac surgery
with CPB was high, which suggests that healthcare workers should
pay attention to and strengthen the management of such patients.
The risk factors identified in this study can serve as a reference for
the identification or intervention of prolonged ICU LOS. Firstly, it
suggests that clinical workers should pay more attention to pa-
tients with these risk factors, strengthen care management, reduce
the impact of these factors on patients, and thus reduce the inci-
dence of prolonged ICU LOS. Secondly, it suggests that clinical
workers can evaluate the risk of ICU LOS in patients after cardiac
surgery with CPB in advance. Moreover, it can also provide refer-
ences for medical staff to formulate appropriate treatment and
nursing plans. Finally, the findings of this study may inspire clini-
cians to develop a risk prediction tool for prolonged ICU LOS after
cardiac surgery with CPB in order to increase the efficiency of pa-
tient care.
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The current study has some limitations. As it was a retrospective
investigation, the associations identified do not necessarily imply
causation. The study participants were all derived from a single,
comparatively well-resourced, urban tertiary hospital, potentially
limiting the broader applicability of the study results. In addition,
there are potential omitted risk factors in this study. Furthermore,
because of the limited research sample, we only included CABG and
valve surgery in this study. Other types of cardiac surgery per-
formed with CPB were excluded, such as heart transplant, atrio-
ventricular deficiency repair, etc. Thus the generalization of the
results needs further examination. Finally, the sample size was
relatively small.

5. Conclusions

The incidence of prolonged ICU LOS after cardiac surgery with
CPB is high and influenced by numerous factors. These preopera-
tive, intraoperative, and early postoperative independent risk fac-
tors suggest that a comprehensive assessment should be conducted
with early evaluation. Combined CABG with valve surgery, infusion
during surgery, and longer duration of CPB may be useful factors for
identifying cardiac surgery patients at risk of increased ICU LOS.
Close attention should be paid to indicators during early post-
operative monitoring to facilitate correction of atrial and ventric-
ular arrhythmia as soon as possible, maintain the stability of
respiratory circulation, and prevent complications. To reduce ICU
LOS, we need to identify patients at risk of prolonged ICU LOS.
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