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ABSTRACT

Background: Acute kidney (renal) injury (AKI) is a severe 
and common complication that occurs in ~40% of patients 
undergoing cardiac surgery. AKI has been associated with 
increased mortality and worse prognosis. This prospective 
study was conducted to determine the risk factors for AKI 
after pericardiectomy and decrease the operative risk of mor-
tality and morbidity.

Methods: This was a prospective, observational cohort 
study of patients with constrictive pericarditis undergoing 
pericardiectomy. All patients underwent pericardiectomy 
via median sternotomy. Serum creatinine was used as the 
diagnostic standard of AKI according to Kidney Disease  
Improving Global Outcomes classification. All survivors were 
monitored to the end date of the study.

Results: Consecutive patients (N = 92) undergoing 
pericardiectomy were divided into 2 groups: with AKI (n 
= 25) and without AKI (n = 67). The incidence of post-
operative AKI was 27.2% (25/92). Hemodialysis was 
required for 10 patients (40%), and there were 5 opera-
tive deaths. Mortality, intubation time, time in intensive 
care unit, fresh-frozen plasma, and packed red cells of 
the group with AKI were significantly higher than those 
of the group without AKI. Both univariate and multi-
variate analyses showed that statistically significant inde-
pendent predictors of AKI include intubation time, chest 
drainage, fresh-frozen plasma, and packed red cells. The 
latest follow-up data showed that 85 survivors were 
New York Heart Association class I (97.7%) and 2 were  
class II (2.3%).

Conclusions: AKI after pericardiectomy is a serious com-
plication and contributes to significantly increased morbidity 
and mortality. Prevention of AKI development after cardiac 
surgery and optimization of pre-, peri-, and postoperative 
factors that can reduce AKI, therefore, contribute to a better 
postoperative outcome and leads to lower rates of AKI, mor-
bidity, and mortality.

INTRODUCTION

Acute kidney (renal) injury (AKI) is a severe and common 
complication that occurs in ~40% of patients undergoing car-
diac surgery. AKI has been associated with increased mortality, 
worse prognosis, more days of mechanical ventilation, a higher 
inotropic requirement, and a longer length of stay [Meersch 
2017; Calderon-Rojas 2020; Leballo 2020]. We hypothesized 
that improvement in prevention and treatment of AKI after 
pericardiectomy can decrease operative mortality and morbidity.

This prospective study was conducted to determine the 
risk factors for AKI after pericardiectomy and decrease the 
operative risk of mortality and morbidity.

METHODS

Design
This was a prospective, observational cohort study of 

patients with constrictive pericarditis undergoing pericardi-
ectomy from January 2009 to June 2020 at our hospital. The 
most frequently carried out classifications of AKI by research-
ers are Risk, Injury, Failure, Loss of Kidney Function and 
End-Stage Kidney Disease (RIFLE), Acute Kidney Injury 
Network (AKIN), and Kidney Disease Improving Global 
Outcomes (KDIGO). RIFLE and AKIN use criteria such as 
change in serum creatinine level, increase of ≥1.5 times from 
the baseline, and urine output of <0.5 mL/kg/h for at least 6 
hours [Jacob 2019]. KDIGO is based on the combination of 
RIFLE and AKIN criteria and has become a novel consensus 
classification for diagnosis of AKI; it has also been shown to 
have greater sensitivity in detection of AKI postoperatively 
than other classifications. Currently, AKI is diagnosed based 
mainly on sharp rises in serum creatinine levels [Howitt 2018; 
Jacob 2019; Sutherland 2020].

In this study, serum creatinine was used as the diagnos-
tic standard of AKI. According to KDIGO classification, if 
serum creatinine increases by ≥0.3 mg/dL (26.5 μmol/L) 
within 48 hours, serum creatinine is 50% higher than baseline 
within the first 7 days, or urine output is <0.5 mL/kg/h for 6 
hours, the patient is considered to have AKI [Howitt 2018; 
Jacob 2019; Sutherland 2020]. The patients were divided into 
2 groups: with AKI and without AKI.

Patients
Eligibility. All patients with constrictive pericardi-

tis undergoing pericardiectomy from January 2009 to 
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June 2020 at our hospital were included in the study. The 
diagnosis of constrictive pericarditis was confirmed by 
clinical presentation, echocardiographic study, chest com-
puted tomography (CT) scan, and cardiac catheterization,  
as needed.

Histopathologic studies of pericardium tissue from every 
patient was done. The diagnosis of tuberculosis was con-
firmed on the basis of clinical findings and histopathologic 
features, including the presence of typical granuloma and 
caseous necrosis, and acid-fast bacilli in Ziel–Nelson tissue 
staining. Patients who died within the first 24 hours after sur-
gery were excluded from the study.

Variables Investigated. Variables were evaluated 
including sex, age, weight, baseline serum creatinine, the 
need for transfusion of blood products, postoperative serum 
creatinine, fluid balance on operation day and postopera-
tive days 1 and 2, the need for hemodialysis, the length of 
intensive care unit (ICU) stay, central venous pressure, left 
ventricular end diastolic dimension, left ventricular ejec-
tion fraction, chest drainage, serum creatinine after sur-
gery, fresh-frozen plasma, packed red cells, multiple organ 
failure, and death.

Surgical Technique
All patients underwent pericardiectomy via median ster-

notomy. In patients approached via sternotomy, total pericar-
diectomy was performed between the 2 phrenic nerves and 
from the great vessels to the basal aspect of the heart. In cases 
of high risk of coronary artery or myocardial damage or severe 
bleeding, the pericardium over the right atrium or superior 
and inferior venae cavae was left intact. The primary inten-
tion was pericardiectomy without cardiopulmonary bypass 
(CPB). Postoperative death was defined as death occurring 
within 30 days of surgery or within the hospitalization period 
for the operation.

Follow-Up
All survivors were monitored to the end date of the study. 

All patients were investigated with x-ray chest film and echo-
cardiography once every 3 to 12 months. The patients were 
contacted by telephone or message or interviewed directly at 
the outpatient department at the last follow-up.

Statistical Analysis
Statistical analysis was performed using IBM SPSS  

Statistics version 24.0. Continuous variables were expressed 
as the mean with standard deviation and categorical variables 
as percentages. Paired t tests were used to make comparisons 
of preoperative and postoperative continuous variables. We 
used the Kaplan–Meier method to estimate survival rates. 
The χ2 test, Kruskal–Wallis test, or Wilcoxon rank-sum test, 
as appropriate, were used to evaluate relationships between 
the preoperative variables and selected intraoperative and 
postoperative variables. P values <.05 were considered statis-
tically significant.

Ethical Aspects
The experiment protocol for involving humans was in 

accordance with national guidelines and was approved by 

Table 2. Operative Data

Variable
With AKI 
(n = 25)

Without AKI  
(n = 67) P

Operative death 5 (20) 0 .000

Multiple organ failure 8 (32) 0 .000

Intubation time (h) 133.7 ± 23.5 54.3 ± 6.5 .000

ICU retention time (d) 7.6 ± 1.3 4.5 ± 0.5 .007

Hospitalized time  
postoperative (d)

17.0 ± 1.8 15.7 ± 1.4 .621

Postoperative CVP (mmHg) 11.4 ± 0.5 11.7 ± 0.4 .722

Day 0 fluid balance (mL) –980.4 ± 184.5 –1377.3 ± 96.0 .043

Day 1 fluid balance (mL) 83.0 ± 543.3 –882.4 ± 119.9 .015

Day 2 fluid balance (mL) –1231.3 ± 183.3 –609.7 ± 64.6 .000

Chest drainage (mL) 1242.4 ± 110.5 817.5 ± 61.9 .001

Postoperative LVEDD (mm) 42.1 ± 0.8 42.9 ± 0.4 .322

Postoperative LVEF (mm) 0.65 ± 0.01 0.67 ± 0.01 .229

Serum creatinine, 24 h after 
surgery (μmol/L)

99.3 ± 4.2 70.9 ± 2.6 .000

Serum creatinine 48 h after 
surgery (μmol/L)

131.6 ± 5.8 70.9 ± 3.3 .000

Fresh-frozen plasma (mL) 1412.8 ± 209.8 317.8 ± 55.8 .000

Packed red cells (units) 0.58 ± 0.2 0.05 ± 0.03 .000

Data are n (%) or mean ± standard deviation. Day 0 = day of surgery.
Abbreviations: AKI, acute renal injury; CVP, central venous pressure; 
LVEDD, left ventricular end diastolic dimension; LVEF, left ventricular ejec-
tion fraction.

Table 1. Preoperative data between the patients with and 
without AKI (n = 92)

Variable
With AKI  
(n = 25)

Without AKI  
(n = 67) P

Male sex 14 (56) 45 (67.2) .321

Age (y) 53.6 ± 2.9 52.5 ± 1.9 .752

Weight before diuresis (kg) 53.8 ± 1.6 56.8 ± 1.1 .170

Weight2 (kg) 51.4 ± 1.3 53.6 ± 0.9 .182

Preoperative CVP (mmHg) 21.7 ± 0.9 20.0 ± 0.6 .123

Preoperative LVEDD (mm) 41.0 ± 0.5 40.8 ± 0.5 .779

Preoperative LVEF (%) 59 ± 1.0 63 ± 1.0 .007

Baseline serum creatinine (μmol/L) 77.2 ± 3.7 80.3 ± 4.7 .695

Data are n (%) or mean ± standard deviation.
Abbreviations: AKI, acute renal injury; CVP, central venous pressure; 
LVEDD, left ventricular end diastolic dimension; LVEF, left ventricular ejec-
tion fraction.
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the Medical Ethics Committee of the People’s Hospital of 
Guangxi Zhuang Autonomous Region, which also gave the 
authors approval to waive the need for patient consent for 
publishing patient data from the study.

RESULTS

Characteristics of the Population under Study
92 consecutive patients undergoing pericardiec-

tomy for constrictive pericarditis were included in the 
study. Only 2 patients underwent cardiac catheteriza-
tion. No patient died within the first 24 hours after sur-
gery. The patients were divided into 2 groups: with AKI 
(n = 25) and without AKI (n = 67) Table 1 shows the com-
parison of preoperative data between the patients with and  
without AKI.

Operative Results
Mortality and AKI. The incidence of postoperative AKI 

in the study was 27.2% (25/92). AKI occurred in 25 patients, 

of whom 11 (44%) were classified as KDIGO stage 1, 4 
(16%) as KDIGO stage 2, and 10 (40%) as KDIGO stage 3. 
Among the 25 patients who developed AKI, hemodialysis was 
required for 10 (40%).

There were 5 operative deaths. Mortality in the group 
with AKI was significantly higher than in the group with-
out AKI (20% versus 0%, P = .000). Multiple organ failure 
in the group with AKI (8/25, 32%) was significantly higher 
than in the group without AKI (0/25) (32% versus 0%,  
P = .000).

Resource Utilization. Intubation time and time in ICU 
of the group with AKI were significantly longer than those 
of group without AKI (133.7 ± 23.5 versus 54.3 ± 6.5 hours, 
P = .000; 7.6 ± 1.3 versus 4.5 ± 0.5 days, P = .007) (Table 2). 
Significantly more fresh-frozen plasma and packed red cells 
were used in the group with AKI than in the group without 
AKI (1412.8 ± 209.8 versus 317.8 ± 55.8 mL, P = .000; 0.58 ± 
0.2 versus 0.05 ± 0.03 units, P = .000) (Table 2).

Fluid Balance. Serum creatinine 24 and 48 hours after 
surgery increased significantly in the group with AKI. Fluid 
balance between the patients with and without AKI had sig-
nificant differences (Table 2).

Risk Factors of Acute Kidney Injury
Table 3 shows the analysis of risk factors of acute 

kidney injury. In our study, both univariate and multivari-
ate analyses showed that statistically significant indepen-
dent predictors of acute kidney injury include intubation 
time, chest drainage, serum creatinine 24 and 48 hours 
after surgery, fresh-frozen plasma, and packed red cells  
(Table 3).

Follow-Up Results
All 87 survivors discharged from the hospital were 

monitored to the end date of the study, and the follow-
up was 100% completed (n = 87). The mean duration of 
follow-up was 52.4 ± 4.5 months (range 2 to 138); no late 
deaths or reoperations occurred. The latest data of fol-
low-up showed that 85 survivors were New York Heart  
Association (NYHA) class I (85/87, 97.7%) and 2 in class II 
(2/87, 2.3%).

Table 3. Analysis of Risk Factors of Acute Kidney Injury

Model Odds Ratio
95% Confidence 

Interval P

Univariate analysis

Intubation time 1.011 1.005 to 1.018 .000

ICU retention time 1.125 1.021 to 1.239 .017

Day 0 fluid balance 1.001 1.000 to 1.001 .048

Day 2 fluid balance 0.999 0.998 to 0.999 .001

Chest drainage 1.001 1.001 to 1.002 .002

Operative death 30.483 1.370 to 678.131 .031

Multiple organ failure 5.719 1.774 to 18.436 .004

Serum creatinine 24 h after 
surgery

1.070 1.036 to 1.104 .000

Serum creatinine 48 h after 
surgery

1.071 1.039 to 1.103 .000

Fresh-frozen plasma 1.003 1.002 to 1.004 .000

Packed red cells 4.399 1.701 to 11.381 .002

Multivariate analysis

Intubation time 1.018 1.003 to 1.032 .017

Chest drainage 1.001 1.000 to 1.002 .012

Serum creatinine 24 h after 
surgery

1.057 1.011 to 1.105 .014

Serum creatinine 48 h after 
surgery

1.028 1.002 to 1.055 .033

Fresh-frozen plasma 1.002 1.000 to 1.003 .037

Packed red cells 9.536 1.493 to 60.930 .017

Abbreviation: ICU, intensive care unit.

Figure 1. Pathophysiology of acute kidney injury after cardiac surgery.
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DISCUSSION

AKI Increases Mortality and Health Care Costs
AKI is a condition characterized by an acute deterioration 

of renal function, as indicated by reduced glomerular filtra-
tion rate (GFR). Cardiac surgery–associated acute kidney 
injury, the second most common cause of AKI in the ICU, is a 
serious complication and the strongest predictor of mortality 
after surgery; it increases early and late mortality and health 
care costs [Hatton 2020; Fang 2020; Cho 2019; Engelman 
2019; Rasmussen 2019]. In the present study, the incidence 
of postoperative AKI in the study was 27.2% (25/92). AKI 
occurred in 25 patients, of whom (%) were classified as AKIN 
stage 1, whereas (%) were classified as AKIN stage 2, and ( %) 
were classified as AKIN stage 3. Among the 25 patients who 
developed AKI, hemodialysis was required for (%). There 
were 5 operative deaths. Mortality and multiple organ failure 
in the group with AKI were significantly higher than in the 
group without AKI (40% versus 0%, P = .000), and intubation 
time and time in ICU were significantly longer (Table 2). In 
our study, both univariate and multivariate analyses showed 
that statistically significant independent predictors of acute 
kidney injury include intubation time and serum creatinine 24 
and 48 hours after surgery (Table 3).

Pathophysiological Mechanisms of AKI
The pathophysiology of AKI in the patients undergoing 

pericardiectomy involves multiple mechanisms: low car-
diac output, inflammation, oxidative stress, nephrotoxins, 
metabolic abnormalities, and pre-existing chronic diseases. 
These factors also interact with one another pre-, peri-, and 
postoperatively. Figure 1 highlights the pathophysiological 
mechanisms resulting in development of AKI [Thomas 2020; 
Shen 2020; Nishimoto 2020; Sanaiha 2020; Murashima 2019; 
Ueno 2020].

The early identification of patients at risk for developing 
AKI after cardiac surgery is an important strategy for improv-
ing the care of such patients. Epidemiological studies of AKI 
after cardiac surgery allow for better diagnosis of AKI and 
facilitate prognosis estimation and the development of new, 
more effective strategies to prevent and minimize this com-
plication, thus reducing the associated morbidity and mortal-
ity [Padmanabhan 2019; Tseng 2020; Fang 2020].

The following factors have been found to facilitate the 
development of AKI after cardiac surgery: age, female sex, 
obesity, low cardiac output, blood transfusion, valve replace-
ment surgery, heart failure, myocardial infarction in the last 
30 days, chronic obstructive pulmonary disease, peripheral 
artery disease, prolonged CPB, the use of inotropic or vaso-
constrictor drugs, the use of an intra-aortic balloon pump, 
diabetes mellitus, systemic arterial hypertension, and chronic 
kidney disease [Dedemoğlu 2020; Husain-Syed 2020; Vlasov 
2020; Hames 2019].

Studies have indicate that blood transfusion increases the 
likelihood of AKI occurring after cardiac surgery. In our study, 
significantly more fresh-frozen plasma and packed red cells 
were used in the group with AKI than in the group without 
AKI (1412.8 ± 209.8 versus 317.8 ± 55.8 mL, P = .000; 0.58 ± 
0.2 versus 0.05 ± 0.03 units, P = .000) (Table 2); Both univari-
ate and multivariate analyses showed that chest drainage, fresh-
frozen plasma, and packed red cells were statistically significant 
independent predictors of acute kidney injury (Table 3.).

Studies have found an increased likelihood for females to 
develop AKI compared with males. Advancing age is associ-
ated with declining renal function and GFR, which compro-
mises normal renal physiology and increases predisposition to 
developing AKI postoperatively. Patients with comorbidities 
such as diabetes mellitus, congestive cardiac failure, chronic 
obstructive pulmonary disease, and pre-existing chronic 
kidney disease are likely to be predisposed to developing renal 
insult after cardiac procedures. Patients with such comorbidi-
ties are frequently administered a variety of nephrotoxic med-
ications, including angiotensin-converting enzyme inhibitors, 
nonsteroidal anti-inflammatory drugs, and angiotensin recep-
tor blockers, all of which further adversely alter glomerular 
perfusion [Joannidis 2017; Yuan 2019; O’Neal 2019].

Table 4. Risk Factors of the Development of Acute Kidney 
Injury after Cardiac Surgery

Preoperative Perioperative Postoperative

Advanced age Complex surgery Vasopressor exposure

Female gender CPB duration Inotrope exposure

Liver disease Need to return to CPB Diuretic exposure

Hyperlipidemia Aortic cross-clamp time Anemia

Previous stroke
Low hematocrit during 

CPB
Blood transfusion

Chronic kidney disease Hypovolemia Hypovolemia

Hypertension Emboli Venous congestion

Smoking history Venous congestion Cardiogenic shock

Peripheral vascular 
disease

Hypoperfusion

Abbreviations: AKI, acute renal injury; CPB, cardiopulmonary bypass.

Figure 2. AKI group needed massive transfusions.
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For KDIGO-AKI, higher body mass index, older age, 
female sex, chronic obstructive pulmonary disease, previous 
cardiac surgery, atrial fibrillation, NYHA class III or IV heart 
failure, higher preoperative serum creatinine, and the use of 
CPB were independent predictors of AKI after cardiac sur-
gery [Kristovic 2015].

Preoperative cardiac insult is the risk factor associated with 
low cardiac output syndrome in the pre-, peri-, or postopera-
tive period and increases the likelihood of developing post-
operative AKI due to reduced perfusion pressures and global 
renal ischemic insult. Hemodynamic instability; nephrotoxic, 
vasoconstricting, and inotropic drugs; and systemic inflamma-
tion were the important factors influencing the development 
of AKI postoperatively. Moreover, pre-existing anemia or the 
development of anemia after surgery can also result in AKI 
owing to the reduced oxygen-carrying capacity of red blood 
cells and ischemic insult to the renal system. Table 4 is a sum-
mary of key factors contributing to the development of AKI 
after cardiac surgery [Romagnoli 2018; Wu 2019]. Figure 2 
shows why the AKI group needed massive transfusions.

Prevention of AKI
Anemia and hyperglycemia are associated with elevated 

incidence of AKI, mortality, and morbidity. Thus it is impor-
tant to avoid anemia, bleeding and hemolysis, and hypergly-
cemia. Goal-directed therapy is associated with a reduction 
in the incidence of AKI, renal replacement therapy, ICU stay, 
hospital stay, and decreased risk of renal dysfunction and 
reduced mortality [Ho 2015; Graziani 2019].

Perioperative fluid overload is also associated with 
increased severity of AKI and increased mortality after cardiac 
surgery. Positive fluid balance management is strongly associ-
ated with a higher AKI rate. Isotonic saline administration is 
associated with increased AKI risk due to excess chloride. Our 
study also showed that fluid balance between the patients with 
and without AKI had significant differences (Table 2).

Management of AKI
Prevention of AKI development after cardiac surgery is 

the optimal management, which includes optimization of 
multiple factors in the pre-, peri-, and postoperative periods, 
such as withholding nephrotoxic medications and preventing 
hypotension. Peri-operative measures should aim to improve 
renal reserve by improving perfusion pressures and, hence, 
reducing ischemic insult to the kidneys. Peri-operative hemo-
filtration can decrease systemic fluid overload and improve 
respiratory function in patients with background congestive 
heart failure [Ramos 2018].

Use of colloids is the best strategy to maintain intravascu-
lar volume and hemodynamic stability. Loop diuretics can be 
aggressively used if oliguric renal failure persists, which can 
often convert oliguric to non-oliguric renal failure, improv-
ing urine output, preventing tubular damage, and decreasing 
oxygen consumption. It is important to optimize hemody-
namics, including reducing preload, increasing afterload, 
and improving the contractility of the heart to increase the 
cardiovascular efficacy, which prevents renal ischemia and 
ensures adequate renal perfusion to prevent renal tubular 

and parenchymal injuries [Park 2016]. Renal replacement is 
the only effective therapeutic intervention for patients with 
severe AKI or oliguric renal failure.

Conclusions
Acute kidney injury after pericardiectomy is a serious 

postoperative complication and contributes to a significant 
increase in perioperative morbidity and mortality rates.  
Prevention of AKI development after cardiac surgery and opti-
mization of pre-, peri-, postoperative factors that can reduce 
AKI, therefore, contributes to a better postoperative outcome 
and leads to lower rates of AKI and morbidity and mortality.
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