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Abstract 
Background: Hospital readmissions after kidney transplantation are common 
and may predict future adverse outcomes. Previous studies using claims data 
have been limited. A better understanding of the risk factors associated with 
readmissions is necessary to develop accurate predictive models. Objective and 
Rationale: To determine the frequency, causes, and duration of hospital read-
missions among post-kidney transplant recipients in specialized centers in 
Khartoum State, Sudan. Study Design: A descriptive, cross-sectional study. 
Setting and Participants: Three hundred post-kidney transplant recipients at 
Ahmed Gasim and Ibn Sina centers were enrolled in this study. Data on recip-
ient, donor, and transplantation characteristics were collected. Readmission 
frequency, duration, causes, sites, and length of hospital stay were recorded 
using structured questionnaires and medical record reviews. Results: The hos-
pital readmission rate was 39% (n = 117). Of these, 72.6% (n = 85) were read-
mitted only once, and infection was the leading cause of readmissions. Recip-
ient male gender (P-value = 0.031), high body mass index (P-value = 0.014), 
chronic lung diseases and diabetes mellitus among comorbidities (P-value = 
0.000), prior dialysis before kidney transplantation, especially peritoneal dial-
ysis and peritoneal combined hemodialysis (P-value = 0.003), missed post-
transplantation follow-up (P-value = 0.000), older-aged donor above 60 years 
(P-value = 0.003), kidney transplantation from second-degree related donors 
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(P-value = 0.034), and intermediate & high immunological risks (P-value = 
0.000) were major predisposing factors for hospital readmission post kidney 
transplantation. Conclusion: The hospital readmission rate after kidney trans-
plantation among Sudanese recipients was high and mainly due to infection; 
a specific preventive program based on infection prevention and graft func-
tion monitoring should be established. 
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1. Introduction 

Chronic kidney disease (CKD) is a common and serious condition worldwide. It can 
progress to end-stage renal disease. Aging, diabetes mellitus, hypertension, and car-
diovascular disease are common and significant risk factors. Because severe renal 
failure is incompatible with life, renal replacement therapy with hemodialysis, peri-
toneal dialysis, or kidney transplantation should be initiated at this stage [1].  

Kidney transplantation is the renal replacement therapy of choice for the grow-
ing number of patients with end-stage renal disease (ESRD). Tremendous pro-
gress in immunosuppressive treatment has improved renal graft survival rates, 
while at the same time making infectious complications even more common in 
the kidney transplant population, with the urinary tract being the most common 
infection site [1].  

Although kidney transplantation is recognized as the best treatment option for 
most patients with end-stage renal disease (ESRD) to improve both life expectancy 
and quality of life, it remains a complex option for the nearly 200,000 patients in 
the United States who have a functioning graft [2].  

Among the many challenges faced by patients and health providers after kidney 
transplantation is the burden of hospital readmission. Around 30% of kidney trans-
plant patients are readmitted within the first 30 days after discharge from the hos-
pital post-transplant [3]-[6]. This rate is substantially higher than that for patients 
undergoing other surgeries (4% - 15%) [7]. Early hospital readmission among kid-
ney transplant recipients is associated with a twofold increase in graft failure, a three-
fold increase in further readmissions, and a 50% - 75% increase in patient mortality. 
Furthermore, post-transplant admissions are costly (average cost, >$10,000), repre-
senting 20% of all Medicare payments for transplantation. Moreover, research 
suggests that up to 50% of these readmissions could be preventable. Early inter-
vention after discharge in kidney transplant recipients has been shown to reduce 
early readmission; thus, reliable tools to predict hospital readmission after kidney 
transplantation are needed [8]. One of the most common causes of early hospital 
readmission is infection, and kidney transplant recipients have a cumulative inci-
dence of infections of over 75% in the first year. The high incidence of infections 
is multifactorial and related in part to the surgical procedure, immunosuppressive 
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drugs, exposure to nosocomial pathogens, and the need for devices such as urinary 
catheters and intravascular lines [9].  

Despite improvements in immunosuppressive therapy and surgical techniques, 
infectious complications remain a significant cause of morbidity, and these com-
plications, especially urinary tract infections (UTIs), have been associated with an 
increased risk of graft rejection and generally worse graft outcomes [10].  

Although several studies have identified significant risk factors for hospitaliza-
tion following kidney transplantation, including demographic, socioeconomic, 
clinical, transplant surgery, and utilization factors, few studies have attempted to 
predict post-transplant readmission, and those that did reported low accuracy (c-
statistics between 0.63 and 0.71) [3] [8]. One potential explanation for this poor 
accuracy is the variability in the causes and timing of readmission. Indeed, rejec-
tion-related or surgical complication-related readmissions are more common early 
post-transplant. In contrast, infection- and other comorbidity-related readmissions 
are the most prevalent causes of readmission later post-transplant. Finally, most 
studies examined the risk of first readmission post-transplantation, although an 
essential group of transplant recipients experiences multiple readmissions post-
kidney transplantation [8].  

1.1. Objectives 
General Objective 
To determine the frequency, causes, and duration of hospital readmissions among 
post-kidney transplant recipients at specialized centers in Khartoum State, Sudan.  

2. Materials and Methods 
2.1. Study Design 

A descriptive, cross-sectional, hospital-based study.  

2.2. Study Area 

The study was conducted at two major kidney transplant centers (Ahmed Gasim 
and Ibn Sina) in Khartoum, Sudan.  

2.3. Study Duration 

The study was conducted from January 2021 to June 2021.  

2.4. Study Population 

All kidney transplant recipients underwent follow-up at specialized centers during 
the study period.  

2.4.1. Inclusion Criteria 
Adult patients (>18 years).  

2.4.2. Exclusion Criteria 
Refusal to participate in the study. 
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2.5. Sample Size 

Total coverage of all eligible follow-up patients readmitted to the hospital during 
the study period. A total of 300 patients were enrolled in the study.  

2.6. Data Collection Tools and Methods 

The principal researchers conducted data collection. After recruiting study sub-
jects, structured questionnaires were used to collect data. Data on recipient de-
mographics, clinical characteristics, donor demographics and status, and trans-
plantation characteristics (immunological risk according to national protocols 
and induction therapy) were collected. Readmission frequency, readmission du-
ration after kidney transplantation, causes of readmission, sites of readmission, 
and length of hospital stay at each readmission were also recorded.  

2.7. Study Variables 
2.7.1. Independent Variables 
Socio-demographic characteristics of participants: age, gender, and body mass index.  

Comorbidities.  
Causes of end-stage renal disease before kidney transplantation.  
Dialysis before and after transplantation.  
Follow-up missing.  
Location of transplantation.  
Donor characteristics: age, gender, body mass index, relationship, type (living 

or deceased donor), etc.  
Transplantation characteristics: immunological risk (according to national pro-

tocols), induction with ATG, induction with basiliximab.  

2.7.2. Dependent Variables 
Readmission time.  
Readmission frequency.  
Readmission cause.  
Length of hospital stay in readmission.  
1. Hospital readmission 
Defined as any admission to the post-kidney transplantation ward after the first 

discharge from the hospital after receiving the graft.  

2.8. Data Analysis 

Data were analyzed using the Statistical Package for Social Sciences (SPSS, V. 21.0, 
IBM; Chicago). The analyzed data are presented in tables and figures created in 
Microsoft Excel 2007. The chi-square test was used as the significance test, and a 
P-value < 0.05 was considered significant.  

The findings are based on unadjusted bivariate associations.  

2.9. Ethical Consideration 

Ethical clearance is obtained from the Research Ethics Committee of the Educa-
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tional Development Center (EDC) of the Sudan Medical Specialization Board 
(SMSB).  

Approval is obtained from the Council of Internal Medicine of the Sudan Med-
ical Specialization Board (SMSB).  

Approval is obtained from the Khartoum State Ministry of Health’s Research 
Department.  

Approval is obtained from the medical directors of the hospitals, the clinic reg-
istrars, and the supervising doctors at the clinics.  

The research purpose and objectives are explained to the participant in clear, 
simple language.  

Voluntary, written informed consent is obtained from the participants.  
The participant has the right to withdraw at any time without any deprivation.  
The participant has the right to be free from harm.  
Confidentiality will be preserved through coding.  
The participant has the right to benefit from the researcher’s expertise.  
The researcher fills out the data collection sheet without interrupting the health 

service provided.  

2.10. Patient and Public Involvement Statement 

Patients’ involvement in this study is based on their willingness to participate; they 
believe that they will benefit from the results, which will improve the health ser-
vices they receive.  

3. Results 
3.1. Characteristics of Participants 

A total of 300 renal transplant recipients participated in this study; 75% (n = 225) 
were male, and 25% (n = 75) were female. The majority were aged 40 to 59 years 
(49.3%, n = 148), and 54.7% were overweight (n = 164) (Table 1).  
 
Table 1. Association between hospital readmissions and recipients’ demographic charac-
teristics (N = 300). 

 Readmission 
P-value 

 Yes No 

Gender 

Male 
95 130 

0.031 
42.2% 57.5% 

Female 
22 53 

29.3% 70.7% 

Age (yrs.) 

18 - 39 
56 81 

0.289 
40.9% 59.1% 
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Continued 

40 - 59 
58 90 

 
39.2% 60.8% 

60 and above 
3 12 

20% 80% 

Body Mass Index 

Underweight: less than 18.5 
2 0 

0.014 

100% 0% 

Normal (18.5 - 24.9) 
36 57 

38.7% 61.3% 

Overweight (25 - 29.9) 
69 95 

42.1% 57.9% 

Obese 1 (30 - 34.9) 
8 31 

20.5% 79.5% 

Obese 2 (35 - 39.9) 
2 0 

100% 0% 

3.2. Comorbidities 

Regarding comorbidities, hypertension (48.3%, n = 145) and hypertension with 
diabetes mellitus (16.3%, n = 49) were the most common conditions (Table 2).  
 
Table 2. Association between hospital readmissions and recipients’ comorbidities (N = 
300).  

 Readmission 
P-value 

 Yes No 

Comorbidities 

Hypertension 
40 105 

0.000 

27.6% 72.4% 

Diabetes mellitus 
6 4 

60% 40% 

Diabetes mellitus & hypertension 
22 27 

44.9% 55.1% 

Chronic lung disease 
3 0 

100% 0% 

Cardiac diseases 
0 2 

0% 100% 

Stroke 
0 3 

0% 100% 

None 
46 42 

52.3% 47.7% 
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Continued 

Smoking 

Yes 
11 12 

0.362 

47.8% 52.2% 

Ex-smoker 
7 18 

28% 72% 

No 
99 153 

39.3% 60.7% 

3.3. The Etiology of Chronic Kidney Disease (CKD) 

Hypertension in 48.7% (n = 146) of patients, renal stones in 17.7% (n = 53) of 
patients, glomerulonephritis in 10% (n = 31) of patients, diabetes mellitus in 5.7% 
(n = 17) of patients, and unknown in 21.7% (n = 65) of patients (Table 3).  
 
Table 3. Association between hospital re-admissions and CKD etiologies of recipients (N 
not equal 300 because one patient may have several causes of CKD). 

 Readmission 
P-value 

 Yes No 

Diabetes mellitus 
4 13 

0.137 
3.4% 7.1% 

Hypertension 
56 90 

0.459 
47.9% 49.2% 

Glomerulonephritis 
7 24 

0.121 
6% 13.1% 

Congenital renal disease 
12 10 

0.094 
10.3% 5.5% 

Tumor 
1 0 

0.390 
0.9% 0.0% 

Renal Stone 
17 36 

0.163 
14.5% 19.7% 

Other 
16 24 

0.510 
13.7% 13.1% 

Unknown 
32 33 

0.071 
27.4% 18% 

3.4. Dialysis Characteristics 

Regarding dialysis characteristics, the type of dialysis before renal transplantation 
was most commonly hemodialysis in 92% (n = 276) of patients. Most patients, 43.3% 
(n = 130), underwent dialysis for less than one year before renal transplantation. Only 
two (0.7%) patients required dialysis after renal transplantation (Table 4).  
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Table 4. Association between hospital readmissions and pre-transplant dialysis modality 
(N = 300). 

 Readmission 
P-value 

 Yes No 

Type of Dialysis before Transplant 

Haemodialysis 
100 176 

0.003 

36.2% 63.8% 

Peritoneal Dialysis 
2 0 

100% 0.0% 

Haemodialysis and Peritoneal Dialysis 
4 0 

100.0% 0.0% 

Preemptive transplant 
11 7 

61.1% 38.9% 

Dialysis Duration before Transplant 

Less than one year 
55 75 

0.069 

42.3% 57.7% 

1 - 2 years 
23 54 

29.9% 70.1% 

More than two years 
28 47 

37.3% 62.7% 

Preemptive transplant 
11 7 

61.1% 38.9% 

3.5. Adherence to Regular Follow-Up 

88.7% (n = 266) of patients did not miss their post-kidney transplant follow-up. 
9.7% (n = 29) missed < 25% of follow-up, and 1.7% (n = 5) missed < 50% of follow-
up (Table 5). 98.3% (n = 295) of patients underwent kidney transplantation in 
Sudan, and 1.7% (n = 5) underwent renal transplantation abroad (Table 5).  
 
Table 5. Association between recipient hospital re-admissions and adherence with follow-
up (N = 300).  

 Readmission 
P-value 

 Yes No 

Follow-Up 

Not missed 
91 175 

0.000 

34.2% 65.8% 

Missed less than 25%. 
21 8 

72.4% 27.6% 

Missed less than 50%. 
5 0 

100.0% 0.0% 
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3.6. Donor Characteristics 

Regarding donor characteristics, 51.7% (n = 155) were male, and 48.3% (n = 145) 
were female. Most donors were between 18 and 39 years old (77.7%, n = 233), and 
65.3% (n = 196) were overweight. 67.7% (n = 203) of donor-recipient relationships 
were first-degree relatives. Almost all donors were alive, 99.3% (n = 298) (Table 6).  
 
Table 6. Association between recipients’ hospital readmissions and donor characteristics 
(N = 300).  

 Readmission 
P-value 

 Yes No 

Gender 

Male 
64 91 

0.253 
41.3% 58.7% 

Female 
53 92 

36.6% 63.4% 

Age (years) 

18 - 39 
79 158 

0.003 

33.3% 66.7% 

40 - 59 
35 25 

58.3% 41.7% 

More than 60 
3 0 

100.0% 0.0% 

Body Mass Index 

Underweight (less than 18.5) 
0 2 

0.064 

0.0% 100.0% 

Normal (18.5 - 24.9) 
15 35 

30.0% 70.0% 

Overweight (25 - 29.9) 
76 120 

38.8% 61.2% 

Obese 1 (30 - 34.9) 
24 23 

51.1% 48.9% 

Obese 2 (35 - 39.9) 
0 3 

0.0% 100.0% 

Obese 3 (35 - 39.9) 
2 0  

100.0% 0.0%  

Donor Relationship 

1st degree 
82 121 

0.034 
40.4% 59.6% 
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Continued 

2nd degree 
10 85 

 
55.0% 45.0% 

Unrelated 
2 0 

25.0% 75.0% 

Donor Type 

Living 
117 181 

0.371 
39.3% 60.7% 

Deceased Expanded Criteria Donor (ECD) 
0 2 

0.0% 100.0% 

3.7. Transplantation Characteristics 

According to transplantation characteristics, 228 subjects (76%) had missing im-
munological risk data, 58 subjects (19.3%) had low immunological risk, and 13 
subjects (4.3%) had intermediate or high immunological risk. Ten percent (n = 
30) of patients received induction with Anti-Thymo-Globulin, and 4.7% (n = 14) 
received induction with basiliximab. In 267 (89%) patients, the donated kidney 
was predominantly the left kidney (Table 7).  
 
Table 7. Association between hospital readmissions and recipients’ transplantation char-
acteristics (N = 300).  

Transplant characteristics 
Readmission 

P-value 
Yes No 

Immunological Risk 

Missed data 
67 161 

0.000 

29.4% 70.6% 

Low 
38 20 

65.5% 34.5% 

Intermediate 
11 2 

84.6% 15.4% 

High 
1 0 

100.0% 0.0% 

Induction with anti-thymocyte globulin (ATG) 
14 16 

0.237 
12.0% 8.7% 

Induction with basiliximab 
4 10 

0.301 
3.4% 5.5% 

3.8. Hospital Readmission 

Hospital readmission occurred in 117 (39%) patients, and the remaining 183 
(61%) patients were not readmitted.  
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Among readmitted patients (n = 117), 72.6% (n = 85) were readmitted once.  
Most of the patients were admitted during the period of 2 - 6 months after 

renal transplantation, with 40.2% (n = 47) at the 1st, 12.8% (n = 15) at the 2nd, 
6.8% (n = 8) at the 3rd, 4.1% (n = 6) at the 4th, 2.6% (n = 6) at the 5th, and 
from the 7th to the 15th admissions were admitted > 5 years after renal trans-
plantation.  

Infection was the leading cause of readmission for the 1st (73.5%, n = 86), 2nd 
(17.9%, n = 21), 3rd (8.5%, n = 10), 5th (5.9%, n = 7), and 7th through 15th read-
missions. Medication side effects were the leading cause of readmission for the 
4th (4.3%, n = 5) and 6th (2.6%, n = 3) readmissions. The medical ward was the 
most common type of admission at all times of readmission (from the 1st to the 
15th).  

The mean length of hospital stay was 6.2 days for the 1st readmission, 7.5 days 
for the 2nd readmission, 5.7 days for the 3rd readmission, 8.1 days for the 4th 
readmission, 8 days for the 5th readmission, 9.8 days for the 6th readmission, and 
7 days for the 7th through the 15th readmissions (Figure 1).  
 

 
DKA: Diabetic Ketoacidosis. NODAT: New-Onset Diabetes After Transplantation.  

Figure 1. The causes of each readmission among recipients (N = 300). 

3.9. The Association between Hospital Readmission and Recipient  
Demographic Characteristics  

Readmission was significantly more frequent among males than females (42.2% 
vs 29.3%; P-value = 0.031) (Table 1).  

Readmission was also significantly more common among underweight, type-II 
obese, and overweight patients than among others (P-value = 0.014). Recipient 
age was not significantly associated with hospital readmission (P-value = 0.289) 
(Table 1).  
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3.10. The Association between Hospital Readmission and 
Comorbidities  

Readmission was common among those with chronic lung diseases and diabetes 
mellitus, 60% (n = 6), more than among others (P-value = 0.000). Smoking was 
not significantly associated with hospital readmission (P-value = 0.362) (Table 2).  

3.11. Association between Hospital Readmissions and CKD 
Etiologies of Recipients  

The etiologies of CKD before renal transplantation were not significantly associ-
ated with hospital readmission (P-value > 0.05) (Table 3).  

3.12. Association between Type of Dialysis before Transplantation 
and Hospital Readmission  

Type of dialysis before transplantation was significantly associated with hospital 
readmission (P-value = 0.003); readmission was frequent among patients who 
underwent peritoneal dialysis (all patients), peritoneal combined hemodialysis 
(all patients), and those with preemptive transplant (61.1%). However, dialysis 
duration was not significantly associated with readmission (P-value = 0.069) 
(Table 4).  

Post-transplantation follow-up was significantly associated with hospital read-
mission (P-value 0.000), as readmission was more frequent among patients with 
missed follow-up (missed < 50% = 100% and missed < 25% = 72.4%) than among 
those who did not miss follow-up (Table 5).  

3.13. The Association between Hospital Readmission and Donors’  
Demographic Characteristics  

Readmission was significantly more frequent among recipients who received kid-
neys from donors aged > 60 years (100%) and donors aged 40 - 59 years (58.3%) 
than among recipients who received kidneys from donors aged < 40 years (P-value 
0.003) (Table 6). In addition, readmission was significantly more frequent among 
recipients who received kidneys from 2nd-degree related donors than among 
first-degree relationships (P value 0.034). On the other hand, donor’s gender (P 
value 0.253), body mass index (P value 0.064), and donor type (P-value 0.371) 
were not significantly associated with hospital readmission (Table 6).  

3.14. The Association between Transplantation Characteristics  
and Hospital Readmission  

Readmission was recurrent among patients with high and intermediate immuno-
logical risks (P-value = 0.00), which is significant (Table 7).  

4. Discussion 

This study confirms the high burden of hospital readmission following kidney 
transplantation among adult kidney transplant recipients and underscores the 
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challenge of predicting hospital readmission in this population. This study under-
lines the need to select potential risk factors in light of each specific study out-
come, since the importance of predictors varies based on the timing of readmis-
sion and whether we consider the first versus subsequent readmissions.  

The majority of participants were male, 75% (n = 225), revealing a sharp gender 
imbalance that may be explained by males having greater exposure to end-stage 
renal disease risk factors. These results were comparable to similar studies in Spain 
[11] and the United States of America [12], which also reported male predomi-
nance (60.9% vs. 39.1%) and (61.2% vs. 38.8%), respectively, in patients with 
chronic kidney disease (CKD). Studies in Ghana [13] and Nigeria [14] also re-
ported male predominance (65% vs. 35%) and (65.3% vs. 34.7%), respectively. 
This male predominance may reflect the fact that chronic kidney disease and its 
risk factors, such as hypertension and smoking, are more common in males than 
in females. Differences in health-seeking behaviors between males and females 
may also contribute to the observed differences in chronic kidney disease preva-
lence between the two sexes.  

This study found that most patients were in the 40 - 59 age group (49.3%). This 
reflects a generally younger population, with ESRD and CKD affecting the eco-
nomically productive young society between the ages of 20 and 50 years. A similar 
study by Okwuonu C. et al.. reported a mean age of 43 years, with most patients 
(53.6%) in the 40 - 60 age group [15].  

The present study also demonstrated that hypertension (48.7%) was the most 
common cause of CKD among our participants. Several studies in Ghana [13] [16] 
[17] and Nigeria [18] have identified hypertension as the most common cause of 
CKD. Our study found that the rate of hospital readmission after kidney trans-
plant was 39% (n = 117), and among them, most patients (72.6%, n = 85) were 
readmitted once. This rate was similar to that reported by the US registry for a 
cohort of 32,961 kidney transplant recipients treated by the Medicare system from 
2000 to 2005; hospital readmission was 31%, ranging from 18% to 47% across 
transplant centers [3] [19] [20] [21]. Our rate was also comparable to other previ-
ous studies, such as McAdams-Demarco MA et al. who reported 31% [3], Julien 
H et al. who reported 39% [8], Ostrem J et al. who reported 35.7% [22], and 
Michelle C et al. in Ohio who reported 30-day, 90-day, and 1-year HR as 31%, 
41%, and 53%, respectively [23]. Although our rate was lower than those reported 
by Leal R et al. (49%) [9], Karima B et al. (45.5%) [24], Avila C et al. (64.9%) [25], 
and Jesse D et al. (48%) [26].  

Among readmitted patients, infection was the leading cause of readmission af-
ter a kidney transplant. Our findings were consistent with those of Leal R et al. 
and Karima B et al. [24], who also reported that infection (mainly urinary tract 
infection) was the most common cause of readmission after kidney transplant [9]. 
The current study found that the recipient’s male gender (p value = 0.031) and 
high body mass index (p value = 0.014) were the major predisposing factors for 
hospital readmission after a kidney transplant. This is in accordance with the 
study of Avila et al., who reported that hospital readmission was lower for females 
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compared to males (OR = 0.769, p = 0.005) and increased with high body mass 
index (p value < 0.001) [25].  

Also, Leal R et al. found that a higher body mass index was a significant risk 
factor for readmission (P = 0.03) [9].  

Our study also reported that hospital readmission after kidney transplantation 
was common among those with chronic lung diseases and diabetes mellitus comor-
bidities (P-value 0.000). Leal R et al. also reported that diabetes mellitus was a 
predictor of readmission after kidney transplantation (P = 0.02) [9].  

Another critical risk factor for hospital readmission after kidney transplanta-
tion in our study group was dialysis before transplantation, particularly peritoneal 
dialysis and peritoneal combined hemodialysis (p = 0.003). These findings were 
consistent with those reported by Ostrem J et al. in the United States, who found 
that patients on dialysis before transplant had a readmission rate of 28.2%, com-
pared with 5.6% for those not on dialysis (p = 0.037) [22].  

Not surprisingly, post-transplantation follow-up was significantly associated 
with hospital readmission (P-value 0.000). Readmission was more frequent among 
patients who missed post-transplantation follow-up (Miss < 50% = 100% and Miss 
< 25% = 72.4%) than among those who did not miss follow-up (P-value 0.000).  

This study demonstrated that readmission was significantly more frequent among 
recipients who received kidneys from older donors (>60 years) than among others 
(P value 0.003). This finding aligns with the study by Leal et al., which showed that 
older donors were significantly associated with readmission (P = 0.007) [9]. In ad-
dition, readmission was significantly more frequent among recipients who received 
kidneys from 2nd-degree related donors (55%), parent donors (53.8%), and part-
ner donors (husband/wife) (45%) than among other relationships (P value 0.034).  

Remarkably, readmission was more frequent among patients with high (100%) 
and intermediate (84.6%) immunological risks than among those with low immu-
nological risks (P-value 0.000). McAdams-Demarco reported similar findings.  

5. Conclusions 

This study concludes that the hospital readmission rate after kidney transplanta-
tion among Sudanese recipients was high. Hospital readmission was significantly 
associated with male gender, body mass index, diabetes mellitus, and chronic lung 
diseases as comorbidities, dialysis before kidney transplant (peritoneal dialysis 
and peritoneal combined hemodialysis), and missing post-kidney transplantation 
follow-up among recipients’ characteristics.  

Among donor characteristics, older-aged donors (>60 years) and 2nd-degree 
related donors were significant risk factors for hospital readmission. Moreover, 
among kidney transplant characteristics, hospital readmission was frequent in pa-
tients with high and intermediate immunological risk.  

6. Strengths and Limitations of This Study 

 Relevant and addresses a major concern in Sudan and worldwide.  
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 Filling a knowledge gap that has the potential to reduce hospital readmissions 
and improve the prognosis and quality of life for kidney transplant recipients.  

 Limited complementary information could be obtained from the records at 
Sudanese kidney transplant centers.  

 The cross-sectional nature of the study revealed significant associations; how-
ever, it did not establish causal relationships among the variables.  

7. Recommendations 

 Hospital readmission was associated with reduced graft and patient survival; 
thus, highly accurate predictive models of post-transplant readmission are 
needed to guide the implementation of targeted interventions to reduce the 
burden of post-transplant readmission after kidney transplantation.  

 A specific preventive program, based on infection prevention and graft func-
tion monitoring, should be established to prevent and minimize rehospitaliza-
tions.  

 Prospective multicenter studies with detailed recipient-level data are needed 
to identify additional recipient factors and modifiable center-level factors that 
may reduce the rate of rehospitalization in this vulnerable and unique patient 
population.  

Acknowledgements 

Dr. Osman Mansour Abdalla, Senior Consultant Psychiatrist: Logistic, moral, and 
social support. 

Conflicts of Interest 

The authors declare no conflicts of interest regarding the publication of this paper. 

References 
[1] Momeni, A., Mardani, S., Kabiri, M. and Amiri, M. (2017) Comparison of Compli-

cations of Arteriovenous Fistula with Permanent Catheter in Hemodialysis Patients: 
A Six-Month Follow-Up. Advanced Biomedical Research, 6, Article No. 106.  
https://doi.org/10.4103/2277-9175.213666 

[2] Hart, A., Smith, J.M., Skeans, M.A., Gustafson, S.K., Wilk, A.R., Robinson, A., et al. 
(2018) OPTN/SRTR 2016 Annual Data Report: Kidney. American Journal of Trans-
plantation, 18, 18-113. https://doi.org/10.1111/ajt.14557 

[3] McAdams-DeMarco, M.A., Grams, M.E., Hall, E.C., Coresh, J. and Segev, D.L. (2012) 
Early Hospital Readmission after Kidney Transplantation: Patient and Center-Level 
Associations. American Journal of Transplantation, 12, 3283-3288.  
https://doi.org/10.1111/j.1600-6143.2012.04285.x 

[4] Kansagara, D., Englander, H., Salanitro, A., Kagen, D., Theobald, C., Freeman, M., et 
al. (2011) Risk Prediction Models for Hospital Readmission: A Systematic Review. 
JAMA, 306, 1688-1698. https://doi.org/10.1001/jama.2011.1515 

[5] Leppin, A.L., Gionfriddo, M.R., Kessler, M., Brito, J.P., Mair, F.S., Gallacher, K., et al. 
(2014) Preventing 30-Day Hospital Readmissions: A Systematic Review and Meta-

https://doi.org/10.4236/ojneph.2026.163033
https://doi.org/10.4103/2277-9175.213666
https://doi.org/10.1111/ajt.14557
https://doi.org/10.1111/j.1600-6143.2012.04285.x
https://doi.org/10.1001/jama.2011.1515


M. Y. H. Yasseen, M. O. M. Abdalla 
 

 

DOI: 10.4236/ojneph.2026.163033 397 Open Journal of Nephrology 
 

Analysis of Randomized Trials. JAMA Internal Medicine, 174, 1095-1107.  
https://doi.org/10.1001/jamainternmed.2014.1608 

[6] Kaplan, B. and Sweeney, J.F. (2012) Assessing 30-Day Hospital Readmission after Re-
nal Transplantation: A Complex Task. American Journal of Transplantation, 12, 3171-
3172. https://doi.org/10.1111/j.1600-6143.2012.04289.x 

[7] Merkow, R.P., Ju, M.H., Chung, J.W., Hall, B.L., Cohen, M.E., Williams, M.V., et al. 
(2015) Underlying Reasons Associated with Hospital Readmission Following Surgery 
in the United States. JAMA, 313, 483-495. https://doi.org/10.1001/jama.2014.18614 

[8] Hogan, J., Arenson, M.D., Adhikary, S.M., Li, K., Zhang, X., Zhang, R., et al. (2019) 
Assessing Predictors of Early and Late Hospital Readmission after Kidney Transplan-
tation. Transplantation Direct, 5, e479.  
https://doi.org/10.1097/txd.0000000000000918 

[9] Leal, R., Pinto, H., Galvão, A., Rodrigues, L., Santos, L., Romãozinho, C., et al. (2017) 
Early Rehospitalization Post-Kidney Transplant Due to Infectious Complications: Can 
We Predict the Patients at Risk? Transplantation Proceedings, 49, 783-786.  
https://doi.org/10.1016/j.transproceed.2017.01.062 

[10] Li, A.H., Lam, N.N., Naylor, K.L., Garg, A.X., Knoll, G.A. and Kim, S.J. (2016) Early 
Hospital Readmissions after Transplantation: Burden, Causes, and Consequences. 
Transplantation, 100, 713-718. https://doi.org/10.1097/tp.0000000000000917 

[11] Goicoechea, M., de Vinuesa, S.G., Gómez-Campderá, F. and Luño, J. (2005) Predic-
tive Cardiovascular Risk Factors in Patients with Chronic Kidney Disease (CKD). 
Kidney International, 67, S35-S38. https://doi.org/10.1111/j.1523-1755.2005.09308.x 

[12] Agarwal, R. and Light, R.P. (2011) Determinants and Prognostic Significance of Elec-
trocardiographic Left Ventricular Hypertrophy Criteria in Chronic Kidney Disease. 
Clinical Journal of the American Society of Nephrology, 6, 528-536.  
https://doi.org/10.2215/cjn.07770910 

[13] Eghan, B.A., Amoako-Atta, K., Kankam, C.A. and Nsiah-Asare, A. (2009) Survival Pat-
tern of Hemodialysis Patients in Kumasi, Ghana: A Summary of Forty Patients Initiated 
on Hemodialysis at a New Hemodialysis Unit. Hemodialysis International, 13, 467-
471. https://doi.org/10.1111/j.1542-4758.2009.00379.x 

[14] Ulasi, I.I. and Ijoma, C.K. (2010) The Enormity of Chronic Kidney Disease in Nigeria: 
The Situation in a Teaching Hospital in South-East Nigeria. Journal of Tropical Med-
icine, 2010, Article ID: 501957. https://doi.org/10.1155/2010/501957 

[15] Okwuonu, C.G., Chukwuonye, I.I., Adejumo, O.A., et al. (2017) Prevalence of Chronic 
Kidney Disease and Its Risk Factors among Adults in a Semi-Urban Community of 
South-East Nigeria. Nigerian Postgraduate Medical Journal, 24, 81-87.  
https://doi.org/10.4103/npmj.npmj_34_17 

[16] Osafo, C., Mate-Kole, M., Affram, K. and Adu, D. (2011) Prevalence of Chronic Kid-
ney Disease in Hypertensive Patients in Ghana. Renal Failure, 33, 388-392.  
https://doi.org/10.3109/0886022x.2011.565140 

[17] Mate, M., Affram, K., Lee, S.J., Howie, A.J., Michael, J. and Adu, D. (1993) Hyperten-
sion and End-Stage Renal Failure in Tropical Africa. Journal of Human Hyperten-
sion, 7, 443-446. 

[18] Akinsola, W., Odesanmi, W.O., Ogunniyi, J.O. and Ladipo, G.O. (1989) Diseases 
Causing Chronic Renal Failure in Nigerians—A Prospective Study of 100 Cases. Af-
rican Journal of Medicine and Medical Sciences, 18, 131-137. 

[19] Stratta, R.J., Taylor, R.J., Sindhi, R., Sudan, D., Jerius, J.T. and Gill, I.S. (1996) Anal-
ysis of Early Readmissions after Combined Pancreas-Kidney Transplantation. Amer-
ican Journal of Kidney Diseases, 28, 867-877.  

https://doi.org/10.4236/ojneph.2026.163033
https://doi.org/10.1001/jamainternmed.2014.1608
https://doi.org/10.1111/j.1600-6143.2012.04289.x
https://doi.org/10.1001/jama.2014.18614
https://doi.org/10.1097/txd.0000000000000918
https://doi.org/10.1016/j.transproceed.2017.01.062
https://doi.org/10.1097/tp.0000000000000917
https://doi.org/10.1111/j.1523-1755.2005.09308.x
https://doi.org/10.2215/cjn.07770910
https://doi.org/10.1111/j.1542-4758.2009.00379.x
https://doi.org/10.1155/2010/501957
https://doi.org/10.4103/npmj.npmj_34_17
https://doi.org/10.3109/0886022x.2011.565140


M. Y. H. Yasseen, M. O. M. Abdalla 
 

 

DOI: 10.4236/ojneph.2026.163033 398 Open Journal of Nephrology 
 

https://doi.org/10.1016/s0272-6386(96)90387-x 

[20] Harhay, M., Lin, E., Pai, A., Harhay, M.O., Huverserian, A., Mussell, A., et al. (2013) 
Early Rehospitalization after Kidney Transplantation: Assessing Preventability and 
Prognosis. American Journal of Transplantation, 13, 3164-3172.  
https://doi.org/10.1111/ajt.12513 

[21] Lubetzky, M., Yaffe, H., Chen, C., Ali, H. and Kayler, L.K. (2016) Early Readmission 
after Kidney Transplantation: Examination of Discharge-Level Factors. Transplanta-
tion, 100, 1079-1085. https://doi.org/10.1097/tp.0000000000001089 

[22] Ostrem, J., Brokhof, M., Kenyon, N., Hollinger, E., Jensik, S., Olaitan, O., Hertl, M. 
and Alvey, N. (2017) Factors Predicting 30-Day Hospital Readmission After Kidney 
Transplant. American Journal of Transplantation, 17.  

[23] Nguyen, M.C., Avila, C.L., Brock, G.N., Benedict, J.A., James, I., El-Hinnawi, A., et 
al. (2020) “Early” and “Late” Hospital Readmissions in the First Year after Kidney 
Transplant at a Single Center. Clinical Transplantation, 34, e13822.  
https://doi.org/10.1111/ctr.13822 

[24] Boubaker, K., Harzallah, A., Ounissi, M., Becha, M., Guergueh, T., Hedri, H., et al. 
(2011) Rehospitalization after Kidney Transplantation during the First Year: Length, 
Causes and Relationship with Long-Term Patient and Graft Survival. Transplanta-
tion Proceedings, 43, 1742-1746. https://doi.org/10.1016/j.transproceed.2011.01.178 

[25] Avila, C., James, I., Phillips, G., El-Hinnawi, A., Rajab, A., Pelletier, R., Henry, M. and 
Bumgardner, G. (2016) Hospital Readmissions in the First Year Post-Transplant over 
12 Years at a Single Center. American Journal of Transplantation, 16. 

[26] Schold, J.D., Elfadawy, N., Buccini, L.D., Goldfarb, D.A., Flechner, S.M., Phelan, 
P.M., et al. (2016) Emergency Department Visits after Kidney Transplantation. Clin-
ical Journal of the American Society of Nephrology, 11, 674-683.  
https://doi.org/10.2215/cjn.07950715 

 

https://doi.org/10.4236/ojneph.2026.163033
https://doi.org/10.1016/s0272-6386(96)90387-x
https://doi.org/10.1111/ajt.12513
https://doi.org/10.1097/tp.0000000000001089
https://doi.org/10.1111/ctr.13822
https://doi.org/10.1016/j.transproceed.2011.01.178
https://doi.org/10.2215/cjn.07950715

	Frequency and Causes of Hospital Re-Admissions among Post-Kidney Transplant Recipients at Specialized Centers in Khartoum, Sudan: A Cross-Sectional Study
	Abstract
	Keywords
	1. Introduction
	1.1. Objectives
	General Objective


	2. Materials and Methods
	2.1. Study Design
	2.2. Study Area
	2.3. Study Duration
	2.4. Study Population
	2.4.1. Inclusion Criteria
	2.4.2. Exclusion Criteria

	2.5. Sample Size
	2.6. Data Collection Tools and Methods
	2.7. Study Variables
	2.7.1. Independent Variables
	2.7.2. Dependent Variables

	2.8. Data Analysis
	2.9. Ethical Consideration
	2.10. Patient and Public Involvement Statement

	3. Results
	3.1. Characteristics of Participants
	3.2. Comorbidities
	3.3. The Etiology of Chronic Kidney Disease (CKD)
	3.4. Dialysis Characteristics
	3.5. Adherence to Regular Follow-Up
	3.6. Donor Characteristics
	3.7. Transplantation Characteristics
	3.8. Hospital Readmission
	3.9. The Association between Hospital Readmission and Recipient Demographic Characteristics 
	3.10. The Association between Hospital Readmission and Comorbidities 
	3.11. Association between Hospital Readmissions and CKD Etiologies of Recipients 
	3.12. Association between Type of Dialysis before Transplantation and Hospital Readmission 
	3.13. The Association between Hospital Readmission and Donors’ Demographic Characteristics 
	3.14. The Association between Transplantation Characteristics and Hospital Readmission 

	4. Discussion
	5. Conclusions
	6. Strengths and Limitations of This Study
	7. Recommendations
	Acknowledgements
	Conflicts of Interest
	References

