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Abstract

Background: Chest re-opening after cardiac surgery is a surgical approach that is performed for diagnosis and management of some 
postoperative complications. The rate of reopening varies from 2% to 6% of patients undergoing cardiac surgery. The most frequent 
indication for reopening, followed by cardiac tamponade, cardiac arrest and redo surgery. Several risk factors have been associated 
with reopening such as, age, sex, BMI, NYHA class, diabetes mellitus, cardiopulmonary bypass and aortic cross clamp time. The aim 
of this study is to determine the incidence, indications, and risk factors of reopening after cardiac surgery.

Methods: In this retrospective observational study, a total of consecutive 638 patients who underwent cardiac surgery in Ahmed 
Gasim cardiac center in 2017 were included. 

Results: The incidence of reopening was found to be 61 per 1000 in all age groups, 90 per 1000 in adults, and 34 per 1000 in paediat-
rics.  Out of 39 reopening cases, Bleeding was found to be the most frequent indication of reopening. multivariate analysis by logistic 
regression revealed that, having NYHA class II odd ratio OR = 24.767 (95% confidence interval CI = 1.048 – 585.3), past cardiac 
surgery OR = 13.9(95% CI = 1.013 –  193.3),  having diabetes mellitus OR = 4.885 (95% CI = 1.251 –19.056 ),longer cardiopulmonary 
bypass time OR = 1.012 (95% CI = 1.00 – 1.024), preoperative aspirin OR = 3.528 (95% CI = 1.062 – 11.720), and warfarin OR = 
12.790 (95% CI = 1.594 – 102.3) all are associated with increased risk of reopening after cardiac surgery. 

Conclusion : Incidence of reopening in Sudan was relatively higher than the international records. Reopening was mostly per-
formed for postoperative bleeding management. Cardiac failure assessed by NYHA classification, previous cardiac surgery, diabetes 
mellitus, anti thrombotic therapy and longer bypass time were associated with increased risk of reopening.
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Background

Although open heart surgery have large impact on reducing 
morbidity and mortality among people with cardiac disease, 
it have serious complications, in both short and long terms. 
Most of the short term complications of the open heart sur-
gery are associated with the use of cardiopulmonary bypass 
machine, type of surgical intervention, and peri-operative 
medications and these complications include postoperative 
arrhythmia, hemorrhage, cardiac tamponade, and surgical 
wound infections [1].

Part of these complications may indicate early reopening of 
the chest in the first few days following cardiac surgery for 
diagnosis and therapeutic interventions.

Indications of reopening after cardiac surgery include; post-
operative hemorrhage, tamponade, cardiac arrest, sternal 
osteomyelitis or mediastinitis, sternal dehiscence, and redo 
surgery [2]. Risk factors of reopening after cardiac surgery 
include; age, BMI, emergency operation, peri-operative an-
ticoagulant, use of cardiopulmonary bypass machine, and 
bypass time [3].

Morbidity and mortality are high among patient undergo-
ing reopening compared to the primary operation and the 
mortality is estimated to be as high as 43% in which half 
of them occurred during the operation. The most frequent 
complication of reopening is stork [4].  There is no  previous 
published study has investigated  the incidence of reopening 
after cardiac surgery in Sudan, and its incidence, indications, 
and risk factors among Sudanese patients are not well de-
scribed or documented. This study is expected to clarify the 
situation of reopening in a tertiary hospital and one of the 
biggest cardiac centers in Sudan. 

Methods

Retrospective observational study aim to assess the inci-
dence, indications, and risk factors of reopening after cardiac 
surgery in Center of Cardiac Surgery and Kidney Transplan-
tation in Ahmed Gasim hospital, a tertiary hospital located 
in Bahri locality, Khartoum state, Sudan.

All the cohort of consecutive operated patients from January 
2017 to January 2018 were included in the study. The data 
was collected by the first author retrospectively from the hos-
pital record.

Statistical analysis

Data had been analyzed using statistical package for the so-
cial sciences SPSS version 20. Tests of normality for numeric 
data were performed and the data was normally distributed. 
Categorical data are expressed in frequencies and percents, 
and numerical data as mean ± standard deviation. Associa-
tion between reopening and possible risk factors have been 
tested by univariate analysis using independent t test and for 
comparing the means of numerical data, and chi square test  
and fisher’s exact test for categorical data.

Multivariate analysis was conducted for further test of test 
of association; using logistic regression possible risk factors 
were compared to reopening status. For all previously men-
tioned statistical tests, a p values at α <0.05 was regarded sta-
tistically significant.

Results
Socio-demographic characteristics

Out of the total of consecutive 638 patients, 378 were males 
representing 59.2% of the patient and 260 were female repre-
senting the remaining 40.8% of the patients. All age groups 
were included the minimum age was 39 day old and the max-
imum age was 81 year old. Socio-demographic characteris-
tics are listed in table.1. 

Frequency Percent 
Age: (n=638)
                ≥18 327 51.3
19- 36 28 4.4
37- 54 65 10.2
55- 72 197 30.9
≤ 73 21 3.3
Sex: (n=638)       
male Female

387 59.2

260 40.8
Occupation: adults 
(n=310)
unemployed 172 55.5
self- employed 98 31.6
employed 40 13
Marital status: 
adults (n=301)
            Single 35 14.4
Married 245 78.8
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Divorced 3 0.8
Widowed 18 6.0
Residency: 
(n=582)
Blue Nile 106 18.2
Darfur 22 3.8
Kassala 61 10.5
Khartoum 254 43.6
Kurdofan 45 7.7
Northern 94 16.2

 Table 1: Socio-demographic characteristics of cardiac sur-
gery patients in Ahmed Gasim hospital in 2017.

Incidence of Reopening

Age group Total 
number of 
patients

Frequency 
of reopen-
ing

Percent of 
reopening

Incidence 
per 1000

All age 
groups

638 39 6.1 61

All age 
groups

638 39 6.1 61

All age 
groups

638 39 6.1 61

Table 2:  Incidence of reopening in cardiac surgery patients 
in Ahmed Gasim hospital in 2017.

Indications of Reopening

Showed in figure 2. Bleeding was found to be the most 
frequent indication of reopening occurred in 30 out of 49 
underwent reopening accounting for 61% of reopening in-
dication, followed by cardiac tamponade and cardiac arrest 
both occurring at the same frequency of 9 (18,%), and redo 
surgery was the least frequent indication in only 2 patients  
(4%).

 

Indication Frequency (n=49) Percent
Bleeding 30 79
Tamponade 4 10
Cardiac arrest 4 10
Redo surgery 1 2.5

Table 3: Indication of reopening after cardiac surgery in 
Ahmed Gasim hospital in 2017.

Risk factors or reopening 

Association between and reopening and multiple factors was 
established using   analysis  chi square test for categorical 
variable and independent t test( table.3) for comparing the 
mean of continues variables, a statistically significant p value 
of < 0.05 was estimated for analysis of age, NYHA classifi-
cation, previous open heart surgery, type of cardiac surgery 
performed, diabetes mellitus, tuberculosis, previous myocar-
dial infarction, preoperative exposure to aspirin and warfarin

Reopening 
Mean ± 
Standard 
deviation

P value

Yes No
Age( y) 45.2 ±  24.55 25.1 ± 25.85 <0.001*
EF** 56.96 ± 

11.33
59.19 ± 9.58 0.230

LVEDD** 48.6 ± 8.50 47.01 ± 
10.77

0.472

CPB time 100.5 ± 
38.03

99.6 ± 50.2 0.936

Aortic cross 
clamp time

74.2 ± 38.16 66.8 ± 43.03 0.396

Table 4: Baseline characteristics of cardiac uergery patients 
in Ahmed Gasim hospital 2017 by independent t test. *indi-
cate statistically significant p value using in *indicate statis-
tically significant p value using independent t test at α <0.05 
level, ** variables measured for adults patients only. CPB: 
cardiopulmonary bypass, LF: ejection fraction, LVEDD: left 
ventricle end diastolic dimensions, 
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Risk factor Reopening Parsons 
chi 
square 
??fidval-
ue
/fisher’s 
exact 
value

P 
valueYes

 (n=39)
No 
(n=599)

Sex Male 26 352 0.947 0.330
Female 13 247

NYHA clas-
sification

NYHA 
I

6 198 16.922 0.001*

NYHA 
II

13 241

NYHA 
III

10 62

NYHA 
IV

2 3

Priority of 
surgery

Elec-
tive

38 591 2.103 0.435

Urgent 1 6
Emer-
gency

0 2

Past ster-
notomies

Yes 2 6 5.011 0.025*

No 37 591
Diabetes 
mellitus

Yes 13 118 4.579 0.039*

No 25 480
Hyperten-
sion

Yes 9 113 0.528 0.523

No 29 485
Renal insuf-
ficiency

Yes 1 2 4.016 0.169

No 37 598
Tubercu-
losis

Yes 2 2 13.888 0.019*

No 36 596
Previous MI Yes 5 27 5.586 0.036*

No 33 571
Previous 
stroke

Yes 0 4 0.256 0.781

No 38 594 8.809 0.006*

Aspirin Yes 12 83
No 26 515

Heparin Yes 0 3 0.192 0.831
No 38 595

Warfarin Yes 4 12 10.575 0.012*
No 34 586

Table 5: Baseline characteristics of cardiac surgery patients 
in Ahmed Gasim hospital in 2017 by chi square test/ fisher’s 
exact tests.

*indicate statistically significant p value using x^2  or fisher 
exact test at α <0.05 level, MI: myocardial infarction, NYHA: 
New York Heart Association.

Discussion

In this study, that incidence of reopening after cardiac sur-
gery was estimated to be 61 /1000 or 6.1% for all age groups 
approximating the incidence of 5.6% estimated in  a similar 
Nigerian study that was also including all age groups from 
1 month to 52 year [8]. Among adults patients we found an 
incidence of 90/1000 or 9% which is much higher than what 
had been mentioned in almost all of reviewed literatures, in 
which incidence rate was varying from 2% to 6% [5-7]. Vari-
ation in incidence may be due to several factors like patient’s 
age, co-morbidities, pre-surgery and intra-surgery anticoag-
ulation therapy, surgical techniques and individual surgical 
skills of surgeon.

 Although that paediatrics cardiac surgery are associated with 
more postoperative morbidity and mortality than adults, our 
finding of  incidence of reopening in paediatrics of 3.4% are 
lower than incidence in adults but are consistence with the of 
finding of many similar paediatrics studies, it is approximate  
the incidence of 3.9%  reported from  similar Indonesian 
study  A higher reopening  incidence of 5.1% was estimated 
among paediatric patients underwent cardiac surgery with 
cardiopulmonary bypass and 7.4% among patients without 
cardiopulmonary bypass [18, 19]. 

In this study, the most frequent indication of reopening was 
postoperative bleeding in 79%, followed by cardiac tampon-
ade and cardiac arrest both of similar percent (10%), and 
followed by redo surgery in 2.5%. These findings are consis-
tent with the similar reviewed literatures, as bleeding was the 
indication of reopening in  about 70.4%  of reopening cases 
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had been mentioned in almost all of reviewed literatures, in 
which incidence rate was varying from 2% to 6% [5-7]. Vari-
ation in incidence may be due to several factors like patient’s 
age, co-morbidities, pre-surgery and intra-surgery anticoag-
ulation therapy, surgical techniques and individual surgical 
skills of surgeon.

 Although that paediatrics cardiac surgery are associated with 
more postoperative morbidity and mortality than adults, our 
finding of  incidence of reopening in paediatrics of 3.4% are 
lower than incidence in adults but are consistence with the of 
finding of many similar paediatrics studies, it is approximate  
the incidence of 3.9%  reported from  similar Indonesian 
study  A higher reopening  incidence of 5.1% was estimated 
among paediatric patients underwent cardiac surgery with 
cardiopulmonary bypass and 7.4% among patients without 
cardiopulmonary bypass [18, 19]. 

In this study, the most frequent indication of reopening was 
postoperative bleeding in 79%, followed by cardiac tampon-
ade and cardiac arrest both of similar percent (10%), and 
followed by redo surgery in 2.5%. These findings are consis-
tent with the similar reviewed literatures, as bleeding was the 
indication of reopening in  about 70.4%  of reopening cases 
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IV
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surgery
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tive
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Past ster-
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mellitus
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No 25 480
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sion
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No 29 485
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No 36 596
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No 33 571
Previous 
stroke

Yes 0 4 0.256 0.781

No 38 594 8.809 0.006*

Aspirin Yes 12 83
No 26 515

Heparin Yes 0 3 0.192 0.831
No 38 595

Warfarin Yes 4 12 10.575 0.012*
No 34 586

Table 5: Baseline characteristics of cardiac surgery patients 
in Ahmed Gasim hospital in 2017 by chi square test/ fisher’s 
exact tests.

*indicate statistically significant p value using x^2  or fisher 
exact test at α <0.05 level, MI: myocardial infarction, NYHA: 
New York Heart Association.
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in a similar study followed by cardiac tamponade in 23% of 
case and both bleeding and tamponade in 5.9% of cases [6]. 
A different higher finding was reported in another study in 
which bleeding was the indication in 92.8% of cases [5]. 

Regarding reopening risk factors, our findings were consis-
tence with the findings reported by many similar studies, as 
longer cardiopulmonary bypass was found to be significantly 
associated with increased risk of reopening in many litera-
tures [5, 6, 12, 17]. This finding may be explained by the fact 
that cardiopulmonary bypass affect the platelets and haemo-
stasis, which increase the risk of bleeding the main indicator 
of reopening [14].
Past history of cardiac surgery lead to mediastinal fibrosis 
that my advanced around the great vessels, increasing the 
risk blood vessels injury in subsequent cardiac surgery. Our 
findings of association between previous cardiac and reopen-
ing is also reported in many different studies [5, 9].

As NYHA classification is used for clinical categorization of 
heart failure, it is usually higher in patients with high surgi-
cal risk [5]. In this study, the multivariate analysis finding of 
significant association between NYHA classes and increased 
risk of reopening after cardiac surgery was consistent with 
a result of similar study aimed to identify the risk factor of 
massive bleeding and subsequent reopening risk [11]. Con-
tradicted to other study finding of no significant association 
between NYHA class II-IV and risk of reopening after cardi-
ac surgery [5, 10, 13].

Preoperative administration of anti-thrombotic agents, spe-
cifically aspirin and warfarin significantly increase the risk 
of reopening after cardiac surgery as they both increase 
bleeding risk and subsequent need of re-exploration. This 
association was also founds in multiple other studies [15, 
16]. Diabetic mellitus was also found to increase the risk of 
reopening after cardiac surgery in similar study and that is 
consistence with our findings [7].  
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B S.E. Wald df Sig. 95% CI for 
Exp(B)

Exp(B) Lower Upper
Bypass time .012 .006 3.653 1 .056 1.012 1.000 1.024
NYHA 8.987 3 .029
NYHA I 2.042 1.485 1.890 1 .169 7.704 .419 141.572
NYHA II 3.209 1.614 3.956 1 .047* 24.767 1.048 585.336
NYHA III .953 1.529 .388 1 .533 2.592 .129 51.902
Age -.010 .016 .396 1 .529 .990 .961 1.021
Previous 
surgery

2.639 1.340 3.879 1 .049* 13.993 1.013 193.339

Diabetes 
mellitus

1.586 .695 5.211 1 .022* 4.885 1.251 19.065

Hyperten-
sion

.665 .738 .811 1 .368 1.944 .457 8.268

Renal Insuf-
ficiency

24.489 40192.933 .000 1 1.000 43205041629.000 .000

Tubercu-
losis

23.981 26311.147 .000 1 .999 26000595672.779 .000 .

Previous 
acute MI

.036 .896 .002 1 .968 1.037 .179 6.002

Aspirin 1.261 .613 4.235 1 .040* 3.528 1.062 11.720
Warfarin 2.549 1.062 5.754 1 .016* 12.790 1.594 102.630

Table 6: Binary logistic regression of reopening and potential risk factors in Ahmed Gasim hospital in 2017.
*indicate statistically significant p value using binary logistic regression at α <0.05 level. MI: myocardial infarction, NYHA: 
New York Heart Association.
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Limitations

 Because our findings reflect routine clinical practice at only 
a single institution, this study carries the possibility of biases 
in patient, surgeon, or center selection, as well as in reopen-
ing decision. The use of multiple statistical tests increased the 
probability that associations might have been due to chance 
alone.

Conclusions 

In this study, the incidence of reopening estimating from 
single institutional experience was found to be within the 
higher limits of what had been reported previously by oth-
ers. Bleeding was found to be the most frequent indication of 
reopening. This study reemphasizes the known pre- and in-
tra-operative risk factors or reopening after cardiac surgery. 
Cardiac failure assessed by NYHA classification, previous 
cardiac surgery and longer bypass time were significantly as-
sociated with increased risk of reopening. 
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Limitations

 Because our findings reflect routine clinical practice at only 
a single institution, this study carries the possibility of biases 
in patient, surgeon, or center selection, as well as in reopen-
ing decision. The use of multiple statistical tests increased the 
probability that associations might have been due to chance 
alone.

Conclusions 

In this study, the incidence of reopening estimating from 
single institutional experience was found to be within the 
higher limits of what had been reported previously by oth-
ers. Bleeding was found to be the most frequent indication of 
reopening. This study reemphasizes the known pre- and in-
tra-operative risk factors or reopening after cardiac surgery. 
Cardiac failure assessed by NYHA classification, previous 
cardiac surgery and longer bypass time were significantly as-
sociated with increased risk of reopening. 
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