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Effect of the COVID‑19 pandemic 
on complications and mortality of patients 
with cardiac surgery
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Abstract 

Objectives:  The purpose of this study was to assess changes in cardiovascular disease severity, types, postoperative 
complications and prognosis during the COVID-19 pandemic and to explore possible influencing factors.

Methods:  A total of 422 patients were enrolled in this study, and hospitalization and short-term follow-up data were 
retained. The patient population included 273 men and 149 women. Patients had a median (IQR) age of 54 (45–62) 
years and were divided into an observation group (130) and a control group (292), primarily according to severity of 
disease, disease types, baseline indexes, biochemical indexes, cardiac function indexes, complications and prognosis.

Results:  During the COVID-19 pandemic, compared with the same period last year, there was a significant increase in 
patients with aortic dissection (27.69% vs 5.82%), a significant decrease in patients with valvular heart disease (43.08% 
vs 66.78%), and significantly increased emergency admission (50.00% vs 21.23%) and severity (54.62% vs 27.40%). 
Family company (76.37% vs 64.62%) was decreased, EuroSCORE [6.5 (2–9) vs 2 (0–5)] score, Pro-BNP [857.50 (241.00–
2222.50) vs 542.40 (113.45–1776.75)] ng/L, six months mortality rate (18.46% vs 8.90%), and postoperative complica-
tions, including infected patients, atelectasis, pulmonary edema, and so on were increased, with longer length of stay 
in the ICU and hospital in COVID-19 pandemic. Survival analysis curve further demonstrated that it had an impact on 
the deaths of patients during the COVID-19 pandemic period. Through ROC analysis of the death factors of patients, it 
was concluded that Family company affected the death of patients, and the area under the curve was 0.654 (P < 0.05).

Conclusions:  In this study, we found that the admission rate of critically ill patients with cardiovascular disease, 
complications of cardiac surgery, and short-term mortality of patients all exhibited a short-term increase, family com-
pany may be a risk factors for short-term mortality, that may be related to public pressure caused by the COVID-19 
pandemic.
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Introduction
In December 2019, coronavirus disease 2019 (COVID-
19) was identified in Wuhan, China; this disease is caused 
by severe acute respiratory syndrome coronavirus 2 
(SARS-CoV-2) [1]. As COVID-19 infections continue to 
increase worldwide, a large number of morbidities and 
mortalities are being reported. By 16 March 2020, China 
reported 44,672 cases of infection due to COVID-19. A 
total of 10.5% of those had cardiovascular disorders, 7.3% 
had diabetes, and 6.0% had hypertension, suggesting that 

Open Access

*Correspondence:  yyang376@126.com; shi2009tao@163.com
†Xue Wang and Heng Gao contributed equally to this work
1 Department of Cardiovascular Surgery, First Affiliated Hospital of Xi’an 
Jiaotong University, No. 277 Yanta West Road, Xi’an 710061, People’s 
Republic of China
Full list of author information is available at the end of the article

http://orcid.org/0000-0002-1003-9457
http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/publicdomain/zero/1.0/
http://creativecommons.org/publicdomain/zero/1.0/
http://crossmark.crossref.org/dialog/?doi=10.1186/s13019-021-01744-z&domain=pdf


Page 2 of 9Wang et al. Journal of Cardiothoracic Surgery          (2021) 16:361 

this virus severely affects patients who have heart condi-
tions. Research has shown that there has been a decrease 
in daily hospital admissions, such as due to angiocardi-
opathy, during the pandemic. According to a previous 
report, a 58% increase in out-of-hospital cardiac arrest 
was strongly associated with cumulative COVID-19 
incidence, which may be associated with the avoidance 
of medical care due to social distancing and concerns of 
contracting COVID-19, as well as social stress and bad 
habits [2–4]. Acute cardiovascular events are associated 
with many factors, including primary disease, predispos-
ing factors, and unreasonable management, which may 
be a trigger for aggravating the occurrence of acute car-
diovascular events, affecting postoperative recovery from 
cardiovascular diseases. During the outbreak of COVID-
19, the number of prehospital cardiovascular deaths 
increased [3], but in the hospital setting, whether the 
patient’s outcome was affected by active surgery or good 
and complete care has not been studied.

Although it is clear that COVID-19 primarily impairs 
the respiratory system, the underlying cardiovascular 
performance of non-COVID-19 patients in the context 
of the epidemic is not well understood and has not been 
studied. Therefore, we enrolled 422 patients and retained 
hospitalization and short-term follow-up data. Dur-
ing the COVID-19 pandemic, compared with the same 
period last year, we assessed the severity, complications, 
and prognosis of patients undergoing cardiac surgery by 
analyzing and collecting disease type, pathogenesis char-
acteristics, disease development indicators, and prog-
nostic indicators to explore potential influencing factors. 
These findings provide the basis of targeted interventions 
for cardiovascular disease in China during the COVID-
19 outbreak.

Methods
Study design and participants
This descriptive, cross-sectional study was conducted in 
China. All patients were recruited from cardiovascular 
surgery at the First Affiliated Hospital, Medical School of 
Xi’an Jiaotong University, Xi’an. We enrolled 422 patients, 
including 273 men and 149 women. The patients had 
a median (IQR) age of 54 (45–62) years, and they were 
divided into an observation group and a control group. 
Patients in the observation group were admitted for 
cardiovascular surgery between January 23 and April 8, 
2020, during the COVID-19 pandemic. Patients in the 
control group were admitted for cardiovascular surgery 
between January 23 and April 8, 2019, during the same 
period last year.

We applied 2 inclusion criteria: (1) all patients diag-
nosed with cardiovascular disease according to guidance 
and gold standard; (2) all patients underwent a full set of 

routine laboratory tests, including compete blood count, 
urinalysis, blood biochemistry, blood gas analysis, blood 
coagulation function and echocardiography. Patients who 
did not meet the above inclusion criteria were excluded 
from the study.

Procedures
We collected data on type of disease, baseline, clinical, 
biochemical, cardiac function, intraoperative, postop-
erative complications and outcome from all 422 patients. 
Outcome measures were obtained from the patients’ 
medical records. We followed up with the patients’ symp-
toms 1–6  months after surgery through outpatient and 
telephone visits. To collect data as comprehensively as 
possible, we used a combination of chart review and, if 
necessary, communicating with the attending doctors 
and other medical workers to fill in missing data.

Statistical analysis
Categorical variables are reported as numbers and per-
centages, and continuous variables are reported as medi-
ans with interquartile ranges (IQRs). Proportions were 
compared by the chi-square test, and continuous varia-
bles were compared by the Mann–Whitney test. For lab-
oratory results, we also assessed whether measurements 
were outside the normal range. Survival rate according to 
the Kaplan-Meier technique, and event-free curves were 
compared with the use of the log-rank test. ROC is used 
to analyze the influence intensity of major event factors, 
All statistical analyses were performed using IBM Statis-
tics 26. A two-tailed value of P < 0.05 was considered sta-
tistically significant.

Results
Comparison of the proportions of different diseases 
between the two groups
Compared to the observation group (17/292), the con-
trol group (36/130) had a significantly decreasing trend 
for aortic dissection (27.69% vs 5.82%) (P < 0.01). The 
total number of patients receiving V-A ECMO treatment 
in the observation group (2/130) was 1.54%, while the 
total number of patients in the control group was 1.03% 
(3/292), which was not statistically different (P > 0.05). A 
total of 43.08% of patients (56/130) had valvular heart 
disease in the observation group, which was signifi-
cantly lower than the observation of 66.78% of patients 
(195/292) with valvular heart disease in the control group 
(P < 0.01). A total of 1.54% of patients (2/130) had con-
strictive pericarditis in the observation group, similar to 
0% of patients (0/292) with constrictive pericarditis in 
the control group (P > 0.05). Moreover, a total of 13.85% 
of patients (18/130) had congenital heart disease in the 
observation group, similar to 15.07% of patients (44/292) 
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with congenital heart disease in the control group 
(P > 0.05). In addition, compared with the observation 
group of patients with coronary heart disease (16/130), 
the control group (33/292) had a similar result (12.31% vs 
11.30%) (P > 0.05) (Table 1).

Comparison of baseline, biochemical and cardiac function 
indexes between the two groups
During the COVID-19 pandemic, compared with the 
same period last year, we found that the proportion of 
patients from Shaanxi Province (81.77% vs 62.33%), 
smoking (44.62% vs 34.25%), alcoholism (14.62% vs 
5.48%), arteriography (60.77 vs 40.41), EuroSCORE [6.5 
(2–9) vs. 2 (0–5)] score, emergency admission (50.00% vs 
21.23%), severe patients (54.62$% vs 27.40%), leucocyte 
count [6.59 (4.95–9.62) vs 6.14 (4.86–8.08)]109/L and 
Pro-BNP [857.50 (241.00–2222.50) vs 542.40 (113.45–
1776.75)] ng/L were increased (P < 0.05). In contrast, 
albumin [37.15 (34.83–40.03) vs 40.50 (37.50–43.88)] g/L, 
partial pressure of oxygen [80.30 (71.15–89.38) vs 85.15 
(74.60–93.55)] mmHg and Family company (76.37% vs 
64.62%) were significantly lower (P < 0.01). However, 
other indicators of coagulation function were not signifi-
cantly different (P > 0.05) (Table 2).

Comparison of postoperative complications and outcome 
indicators between the two groups
Ventilator assistance time [1 (1–2) vs 1 (0.5–1)] days, 
length of stay in the ICU [4 (2–6) vs 2 (1–3)] days and 
length of stay in the hospital [17 (13–23) vs 12 (10–17)] 
in the observation group were significantly higher than 
those in the control group (P < 0.01). Infected patients 
[(20.77%, 27 out of 130)vs (4.11%, 12 out of 292)], atelec-
tasis [(27.69%, 36 out of 130) vs (7.19%, 21 out of 292)], 
pulmonary edema [(10.00%, 13 out of 130) vs (1.03%, 3 
out of 292)], gastrointestinal dysfunction [(21.54%, 28 
out of 130) vs (3.08%, 9 out of 292)], atrial arrhythmia 
[(9.23%, 12 out of 130) vs (1.37%, 4 out of 292)], second-
ary tracheal intubation [(12.31%, 16 out of 130) vs (2.74%, 
8 out of 292)], acute renal injury [(10.00%, 13 out of 130) 
vs (2.40%, 7 out of 292)], coagulation disorders [(1.62%, 6 

out of 130) vs (0.34%, 1 out of 292)], total blood transfu-
sion [1700 (920–3060) vs 600 (400–1000)], total medias-
tinal drainage [98 (609–2481) vs 625 (372–1114)] and six 
months mortality rate [(18.46%, 24 out of 130) vs (8.90%, 
26 out of 292)] of the observation group were signifi-
cantly higher than those in the control group (P < 0.01). 
However, there was no difference between the observa-
tion and control groups in terms of ventricular arrhyth-
mia, acute liver injury, stroke, delirium, secondary 
hemostasis, or 30-day mortality rate (P > 0.05) (Table 3). 
Survival analysis curve further demonstrated that it had 
an impact on the deaths of patients during the COVID-
19 pandemic period (Fig. 1, log-rank x2 = 18.68, P < 0.05). 
Through ROC analysis of the death factors of patients, it 
was concluded that Family company affected the death of 
patients, and the area under the curve was 0.654 (Figs. 2, 
3, P < 0.05).

Comparison of the two groups with different grades 
in EuroSCORE
The observation group exhibited significantly higher 
EuroSCORE > 9 score [(20.77%, 27 out of 130) vs (7.19%, 
21 out of 292)] compared to those in the control group 
(P < 0.01). Furthermore, patients with EuroSCORE 7–9 
score [(30.00%, 39 out of 130) vs (47.26%, 138 out of 292)] 
in the observation group were significantly reduced com-
pared to those in the control group (P < 0.01). Finally, 
patients with EuroSCORE 1–3 score and 4–6 score in the 
observation group was similar to the control group, with 
no significant difference between the two groups in this 
score range (P > 0.05) (Tables 4).

ROC analysis of death
Through ROC analysis of the death factors of patients, it 
was concluded that Family company affected the death of 
patients. The area under the ROC curve (AUC) of Family 
company was 0.654 (HR 0.036, 95% CI, 0.583 to 0.725; P 
< 0.05); the AUC of ALB was 0.411 (HR 0.049, 95% CI, 
0.323 to 0.499; P < 0.05); the AUC of Smoking was 0.605 
(HR 0.043, 95% CI, 0.521 to 0.689; P < 0.05) (Table 5).

Table 1  Comparison of the proportions of different diseases between the two groups

Type of disease All patients (n = 422) Control group (n = 292) Observation group (n = 130) P-value

Aortic dissection 53 17 36 0.000

V-A ECMO 5 3 2 0.654

Valvular heart disease 251 195 56 0.000

Constrictive pericarditis 2 0 2 0.344

Congenital heart disease 62 44 18 0.743

Coronary heart disease 49 33 16 0.766
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Discussion
We observed the characteristics, complications, and 
prognosis of patients with cardiovascular disease dur-
ing the COVID-19 pandemic and compared them to the 
same period last year. We observed that the number of 
cardiac surgery patients significantly decreased com-
pared to last year, and the proportion of diseases was 
significantly different. The proportion of patients with 
aortic dissection significantly increased compared to last 
year, and patients with valvular heart disease significantly 
decreased compared to last year, while other diseases 
were similar in proportion, that may be related to the 
willingness of patients to seek medical care during the 
COVID-19 pandemic period.

By analyzing the baseline, biochemical, and cardiac 
function indexes in the two groups, comparing this year 
to the same period last year, the proportion of patients, 
from Shaanxi Province, emergency admission, severe 
patients, EuroSCORE score and Pro-BNP significantly 
increased during the COVID-19 pandemic. However, 

Family company during the COVID-19 pandemic period 
were significantly lower than those in the same period 
last year.

Further, by analyzing indexes of postoperative compli-
cations and prognostic, we observed that compared to 
the same period last year, Ventilator assistance time in 
days, length of stay in the ICU in days and length of stay 
in the hospital during the COVID-19 pandemic period 
were significantly higher than those in the same period 
last year. Infected patients, atelectasis, pulmonary edema, 
gastrointestinal dysfunction, atrial arrhythmia, secondary 
tracheal intubation, acute renal injury, coagulation dis-
orders, total mediastinal drainage and six months mor-
tality rate during the COVID-19 pandemic period were 
significantly higher than those in the same period last 
year. Based on the severity of EuroSCORE, patients with 
EuroSCORE > 9 score during the COVID-19 pandemic 
period were significantly higher than those in the same 
period last year. Furthermore, patients with EuroSCORE 
7–9 score during the COVID-19 pandemic period were 

Table 2  Comparison of preoperative baseline, biochemical and cardiac function indexes between the two groups

Characteristics Control group (n = 292) Observation group (n = 130) P-value

Age, years 55 (44–62) 54 (47–61) 0.935

Countryside (%) 187 (64.04) 82 (63.08) 0.849

Men (%)c 184 (63.01) 89 (68.46) 0.280

Shaanxi Province (%) 182 (62.33) 105 (81.77) 0.000

Smoking (%) 100 (34.25) 58 (44.62) 0.042

Alcoholism (%) 16 (5.48) 19 (14.62) 0.002

Distance (km) 132 (35.5–237) 142 (42.25–237.5) 0.778

Family company (%) 223 (76.37) 84 (64.62) 0.012

BMI (kg/m2) 23.15 (20.43–25.70) 24.14 (21.25–25.95) 0.130

History of hypertension (%) 77 (26.37) 43 (33.08) 0.159

History of diabetes (%) 32 (10.96) 10 (7.69) 0.301

History of COPD (%) 9 (3.08) 3 (2.31) 0.659

History of hyperlipidemia (%) 40 (13.70) 27 (20.77) 0.067

PAH (%) 59 (20.21) 18 (13.85) 0.118

Arteriography (%) 118 (40.41) 79 (60.77) 0.000

EuroSCORE (score) 2 (0–5) 6.5 (2–9) 0.000

Emergency admission (%) 62 (21.23) 65 (50.00) 0.000

Severe patients (%) 80 (27.40) 71 (54.62) 0.000

Disease time, years 3.96 ± 10.19 2.54 ± 6.25 0.144

HGB (g/L) 132 (122–142) 134 (121–143) 0.881

Eosinophil count (109/L) 0.07 (0.04–0.14) 0.06 (0.02–0.14) 0.323

Leucocyte count (109/L) 6.14 (4.86–8.08) 6.59 (4.95–9.62) 0.029

Lymphocyte count (109/L) 1.48 (1.04–1.97) 1.33 (0.96–1.72) 0.057

ALB (g/L) 40.50 (37.50–43.88) 37.15 (34.83–40.03) 0.000

Globulin (U/ml) 24.50 (21.03–27.90) 25.10 (22.08–27.93) 0.216

Partial pressure of oxygen (mmHg) 85.15 (74.60–93.55) 80.30 (71.15–89.38) 0.007

Pro-BNP (ng/L) 542.40 (113.45–1776.75) 857.50 (241.00–2222.50) 0.018

LVEF (%) 59 (50–64) 59 (51–63) 0.828
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Table 3  Comparison of postoperative complications and outcome indicators between the two groups

Characteristics Control group (n = 292) Observation group (n = 130) P-value

Ventilator assistance time (day) 1 (0.5–1) 1 (1–2) 0.000

Length of stay in the ICU (day) 2 (1–3) 4 (2–6) 0.000

Length of stay in the hospital (day) 12 (10–17) 17 (13–23) 0.000

Postoperative complications

Infected person (%) 12 (4.11) 27 (20.77) 0.000

Atelectasis (%) 21 (7.19) 36 (27.69) 0.000

Pulmonary edema (%) 3 (1.03) 13 (10.00) 0.000

Gastrointestinal dysfunction (%) 9 (3.08) 28 (21.54) 0.000

Ventricular arrhythmia (%) 10 (3.42) 10 (7.69) 0.057

Atrial arrhythmia (%) 4 (1.37) 12 (9.23) 0.000

Secondary tracheal intubation (%) 8 (2.74) 16 (12.31) 0.000

Acute kidney injury (%) 7 (2.40) 13 (10.00) 0.001

Acute liver injury (%) 4 (1.37) 4 (3.08) 0.235

Coagulation disorders (%) 1 (0.34) 6 (4.62) 0.002

Stroke (%) 7 (2.40) 7 (5.38) 0.114

Delirium (%) 7 (2.40) 6 (4.62) 0.223

Secondary hemostasis (%) 5 (1.71) 2 (1.54) 0.897

Total blood transfusion (ml) 600 (400–1000) 1700 (920–3060) 0.000

Total mediastinal drainage (ml) 625 (372–1114) 980 (609–2481) 0.000

30-day mortality rate (%) 18 (6.16) 14 (10.77) 0.099

6 months mortality rate (%) 26 (8.90) 24 (18.46) 0.005

Fig. 1  Cumulative survival in each group
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significantly reduced compared to those in the same 
period last year. Survival analysis curve further demon-
strated that it had an impact on the deaths of patients 
during the COVID-19 pandemic period. Through ROC 
analysis of the death factors of patients, it was concluded 
that Family company affected the death of patients.

In this study, we found that compared with the same 
period of last year, patients with cardiac surgery were 
more serious, the number of patients with emergency 
and emergency surgery increased, postoperative compli-
cations significantly increased, and prognosis was poor.

Fig. 2  ROC curve of a single index of Pro-BNP, ALB, Leucocyte count, Family company, Smoking, EuroSCORE, Partial pressure of oxygen for 
predicting deaths in patients. ROC, receiver operating characteristics

Fig. 3  Overall quality of the ROC analysis, good models have values above 0.5, A value less than 0.5 indicates that the model is not better than 
Independent prediction
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Many studies have shown that acute cardiovascu-
lar disease increases within hours to days after psycho-
logical triggers, including anger, depression, anxiety, 
and stress [5–10]. In this study, Family company during 
the COVID-19 pandemic period was significantly lower 
than those in the same period last year. So we guess: 
during the COVID-19 pandemic period, Lack of fam-
ily company made patients psychological change, Many 
studies also have shown the daily increase in COVID-19 
patients and patients who die have made people anxious, 
depressed and experience great pressure [11–13], espe-
cially in patients with cardiovascular disease, where a 
series of methods to relieve bad emotions, such as anxi-
ety, followed, such as smoking, drinking, overeating, and 
loss of temper [14–17]. As a result of the progress and 
deterioration of the disease, the lack of timely treatment 
and changes in the attitude of seeking medical treatment, 
if the condition is not serious, patients do not go to the 
hospital to see a doctor [18, 19], which may affect the 
occurrence of complications and prognosis in patients 
with cardiac surgery.

Therefore, during future outbreaks of the epidemic, it 
is necessary to establish a fast track as soon as possible, 
not only in terms of the hospital but also in terms of the 
patient’s time and methods to reach the hospital [20]. It is 
important to establish a cardiovascular disease database 
and to regularly follow-up with patients to urge them to 
seek medical treatment in time and develop decompres-
sion and good eating habits during the outbreak, family 
members of patients who are quarantined in situ due to 

the COVID-19 pandemic should actively contact their 
family members and entrust their friends to accompany 
the patients to reduce their anxiety, in order to reduce the 
occurrence of acute cardiovascular events and postop-
erative complications during the epidemic and improve 
the survival rate. This study has few cases, short follow-
up time, is a single-center study, and no direct study on 
the relationship between stress and prognosis of patients 
undergoing cardiovascular surgery was performed. Fur-
ther analysis of possible influencing factors may provide 
a theoretical basis for what measures we take to benefit 
patients in the event of major public health events.

Finally, seasonal effects due to daylight savings time 
have been shown to increase the risk of CVD events (32), 
and we cannot rule out the potential influence of season-
ality on our results. However, confounding is of minimal 
concern given the short event windows chosen for the 
present analysis.

Conclusion
During the COVID-19 pandemic period, different types 
of cardiovascular surgery patients were admitted to hos-
pitals, The pandemic increased postoperative complica-
tions after heart surgery, and increased the short-term 
mortality of patients. The presence or absence of fam-
ily members affected short-term mortality of patients, 
which may be related to the public pressure caused by 
the COVID-19 pandemic.  which may be attributed to 
public pressure from the COVID-19 pandemic. Further 
research is needed to understand the association of anxi-
ety, depression, stress, etc., with acute cardiovascular dis-
ease and other possible influencing factors.

Perspectives
Competency in medical knowledge
The pandemic has briefly increased the admission rate of 
acute cardiovascular disease, reduced the admission rate 
of chronic disease, increased postoperative complications 
after heart surgery, and increased the short-term mortal-
ity of patients, which may be attributed to public pressure 
from the COVID-19 pandemic.

Translational outlook
Further research is needed to understand the association 
of anxiety, depression, stress, etc., with acute cardiovas-
cular disease and other possible influencing factors.

Central illustration
Flowchart describing the process of patient selection 
using the latest diagnostic criteria for various cardio-
vascular diseases and patients who underwent surgery. 
Based on this, a total of 430 consecutive patients with 

Table 4  Comparison of the two groups with different scores in 
EuroSCORE

Characteristics Control group 
(n = 292)

Observation 
group (n = 130)

P-value

EuroSCORE 1–3 score 77 (26.37) 40 (30.77) 0.351

EuroSCORE 4–6 score 56 (19.18) 24 (18.46) 0.862

EuroSCORE 7–9 score 138 (47.26) 39 (30.00) 0.001

EuroSCORE > 9 score 21 (7.19) 27 (20.77) 0.000

Table 5  ROC analysis of different factors affecting death

Variables AUC​ SE 95% CI P Value

Pro-BNP (ng/L) 0.527 0.045 0.439–0.615 0.551

ALB (g/L) 0.411 0.049 0.323–0.499 0.048

Leucocyte count (109/L) 0.469 0.049 0.374–0.564 0.523

Family company (%) 0.654 0.036 0.583–0.725 0.000

Smoking (%) 0.605 0.043 0.521–0.689 0.014

Partial pressure of oxygen 
(mmHg)

0.485 0.042 0.403–0.567 0.721

EuroSCORE (score) 0.571 0.047 0.479–0.663 0.131



Page 8 of 9Wang et al. Journal of Cardiothoracic Surgery          (2021) 16:361 

cardiovascular diseases were enrolled from January 23, 
2019, to April 8, 2019, and from January 23, 2020, to 
April 8, 2020. Eight patients were excluded due to loss 
of contact with patients and incomplete data. Finally, 
data from 422 patients were extracted and divided into 
two groups: the observation group patients were admit-
ted to cardiovascular surgery between January 23 and 
April 8, 2020, during the COVID-19 pandemic, and the 
control group of patients was admitted to cardiovascular 
surgery between January 23 and April 8, 2019, the same 
period last year. We collected data on the type of disease, 

baseline, clinical, biochemical, cardiac function, intra-
operative, postoperative complications and outcome for 
all 422 patients. Clinical outcomes were followed up to 
1–6 months after surgery, including outpatient and tele-
phone follow-up. Data were collected as comprehensively 
as possible through a combination of chart review and, 
when necessary, communication with attending doctors 
and other medical workers to fill in the missing data. All 
data were separately extracted by 2 authors.
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