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Abstract 
Objectives: To analyse the risk factors for death as a result of pulmonary complications in kidney 
transplant patients. Material and Methods: 267 patients after renal transplantation were prospec- 
tively studied. The kidney recipients were followed for the development of pulmonary complica- 
tions and their outcome for a period of 7 years. Different noninvasive and invasive diagnostic tests 
were used in cases suspected for lung disease. Results: Risk factors for death as a result of pulmo- 
nary complications are development of lung diseases in the first six months after operation (P < 
0.05), and immunosuppressive regimens that include mycophenolate mofetil (HR: 3.216; 95% CI: 
1.067 - 5.577; P = 0.011). The factors associated with lower rate of fatal outcome are positive se- 
rology test for Cytomegalovirus of the recipient before transplantation (P = 0.034) and use of aza- 
thioprine (HR: 0.720; 95% CI: 0.526 - 0.986; P = 0.04). Conclusions: The risk factors may be used to 
identify patients at increased risk for death due to the pulmonary complications. Strictly moni- 
toring of higher-risk patients can reduce the morbidity and mortality after renal transplantation. 
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1. Introduction 
Kidney transplantation procedures are the most common organ transplantation surgeries: about 60% of all cases. 
Pulmonary complications take an important place for the prognosis of kidney transplant patient. The complica-
tions can be caused by many factors [1]-[4]. Sometimes they can be difficult to diagnose and treat. The lung 
diseases cause the majority of morbidity and mortality in the group of kidney recipients. Infectious diseases are 
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prevalent, and pneumonia takes the leading place [5]-[8]. 
The aim of this study is to analyse the risk factors for death as a result of pulmonary complications after renal 

transplantation. 

2. Study Population 
267 kidney transplant patients were monitored for development of pulmonary complications and their outcome 
for the period of seven years. The protocols conformed to the guidelines of the 1975 Helsinki Declaration. All 
patients provided written informed consent to participate. Basic demographic data are shown in Table 1. The 
kidney recipients were with a normal lung function and without chronic pulmonary diseases before the trans-
plantation. All patients undergoing immunosuppressive therapy according to generally accepted international 
protocols. 

3. Testing Procedures 
In cases of suspected pulmonary complication were done several tests. All recipients were clinically examined. 
Hematological and biochemical analysis, microbiological tests of sputum, blood, urine, bronchoalveolar lavage, 
pleural effusion were done. Cytological or histological examinations of the material from the bronchial mucosa 
or the lung parenchyma have been provided. In all patients electrocardiography, spirometry and arterial blood 
gases analysis, pulse oxymetry, posteroanterior radiography of the lungs and heart were performed. Computer 
tomography of the thorax or fiber-optic bronchoscopy was done in some cases. The immunological methods– 
enzyme-linked immunospot (ELISPOT) for diagnosis of tuberculosis, enzyme-linked immunosorbent assay 
(ELISA) for the analysis of Cytomegalovirus (CMV) IgM and IgG anti-bodies, and the Real Time polymerase 
chain reaction amplification for CMV detection were used.  

4. Statistical Methods 
The statistical analysis was performed using SPSS version 14. A value of P ≤ 0.05 was considered statistically 
significant. A variational analysis of the quantitative variables was used, as well as the Chi-square test and Fish-
er’s exact test, the method of Kolmogorov-Smirnov and the method of Mann-Whitney. The evaluation of the 
quantitative parameters was done with a ROC-analysis; logistic regression analyses, Cox-regression with the 
formation of curves of survivability in accordance with the Kaplan-Meier method were used.  

5. Results 
267 kidney recipients were followed up for the study period. Pulmonary complications occurred in 97 (36.3%) 
of them. The outcome was fatal in 31 of them. Two of the patients died from tuberculosis, in one the cause of 
death was pulmonary mycosis, and in the other two patients—pulmonary tromboembolism. The cause of death 
of four patients was active CMV-infection. The rest of the recipients died due to the pneumonia. 

There is no statistically significant difference in age and sex into the two groups depending of the outcome. 
The age of the surviving recipients is 40.00 ± 12.546. The age of the recipients, died from pulmonary complica-
tions is 42.29 ± 11.157 (P = 0.188). The gender (P > 0.292) and primary renal disease, leading to end-stage renal 
failure development (P > 0.193) are not significantly different into the groups. 

 
Table 1. Demographic data.                             

Age years 40.6 ± 12.3 (18 - 65) 

Male 
Female 

172 (64.4%) 
95 (35.6%) 

Dialysis before transplantation months 34.9 ± 31.8 

Living related donor 
Living unrelated donor 
Deceased donor 

60 (22.5%) 
105 (39.3%) 
102 (38.2%) 

Complicated early postoperative period 66 (24.7%) 
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Factors that could be related to mortality from pulmonary complications are presented in Table 2. 
Positive recipients’ CMV-serological status before renal transplantation differs statistically in the group, died 

from lung complications, and in the other patients (P = 0.034).  
Participation of Mycophenolate mofetil in immunosuppressive treatment regimens and its influence on the 

outcome of pulmonary complications is presented in Figure 1 and the presence of Azathioprine is in Figure 2. 
There is a statistical correlation between the outcome of the developed pulmonary complications and the 

postoperative period (P < 0.001) (Figure 3). Pulmonary complications occurred in the early post-transplantation 
period in 6 patients (6%) and 3 of them have died. From 1st to 6th month lung diseases developed in 40 reci-
pients (41%) (23 died), and in the late postoperative period in 51 patients (53%) and 5 of them died.  

The risk factors for death as a result of pulmonary complications after renal transplantation are shown on Ta-
ble 3. 

 

 
Figure 1. Kaplan-Meier plot-Mycophenolate mofetil and survival. MMF 
—Mycophenolate mofetil.                                        

 

 
Figure 2. Kaplan-Meier plot-Azatioprine and survival. AZA—Azatioprine. 
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Figure 3. Kaplan-Meier plot-postoperative time of pulmonary complications 
and survival.                                                        

 
Table 2. Demographics of groups depending of outcome due to the pulmonary complications.              

Factor Alive Died Р 

Dialysis before transplantation months ± S.D. 36.45 ± 33.076 24.87 ± 20.458 0.115 

Peritoneal dialysis 12 (5.4%) 3 (9.7%) 0.406 

CMV-seropositive donors 22 (9.9%) 1 (3.2%) 0.327 

CMV-seropositive recipients 51 (23.0%) 2 (6.5%) 0.034* 

Arterial hypertension 143 (64.4%) 21 (67.7%) 0.842 

Diabetes mellitus 18 (8.1%) 5 (16.1%) 0.175 

Complications of the early postoperative period 55 (24.8%) 10 (32.3%) 0.384 

Treatment of acute rejection 33 (14.9%) 6 (19.4%) 0.594 

Prednisolone 214 (87.3%) 31 (100%) 0.601 

Mycophenolate mofetil 166 (74.8%) 29 (93.5%) 0.021* 

Azathioprine 51 (23.0%) 1 (3.2%) 0.008* 

Cyclosporine А 141 (63.5%) 21 (67.7%) 0.695 

Tacrolimus 65 (29.3%) 8 (25.8%) 0.833 

Everolimus 4 (1.8%) 0 (0%) 1.000 

Sirolimus 10 (4.5%) 1 (3.2%) 1.000 

*p-value with statistic significant difference. 

6. Discussion 
According to medical literature data, the frequency of pulmonary complications after kidney transplantation va-
ries. Usually, complications occur in 5% to 24% of the patients, but according to some authors the incidence can 
reach up to 37% [9] [10]. Pulmonary complications are still one of the majour cause of mortality in this group 
[11]-[13]. 



V. Pencheva et al. 
 

 
45 

Table 3. Risk factors for death as a result of pulmonary complications after renal transplantation.            

Risk factor HR 95% CI P 

Mycophenolate mofetil in the immunosuppressive regimens 3.216 1.067 - 5.577 0.011 

Early postoperative period 1.927 1.101 - 3.371 0.022 

1 - 6 months after transplantation 2.935 1.934 - 4.454 <0.001 

Azatioprine in the immunosuppressive regimens 0.720 0.526 - 0.986 0.04 

 
Sarnak and Jaber found that mortality from infectious pulmonary complications in patients after RT is almost 

two times higher than in the general population [14]. In our study 267 kidney recipients were followed up for a 
period of seven years. 97 of them developed pulmonary complications and 31 patients have died as a result of 
these pulmonary complications.  

Although the average age of deceased patients is slightly higher than recovered patients (40.0 years vs. 42.3 
years), age is not found to be a factor that has a statistically significant correlation to mortality. Gender, as well 
as primary renal disease that led to the development of end-stage renal failure, are not factors, determining mor-
tality of pulmonary complications (P > 0.05). 

In our study, factors, such as duration and type of dialysis treatment before transplantation and comorbidites 
do not affect the pulmonary complications outcome. Delayed graft function and conduct of therapy due to epi-
sodes of transplant rejection, as well as complicated postoperative period, also do not influence the outcome. 

Our results indicate that CMV-positive serological status of the recipients before renal transplantation differs 
statistically in the group of patients, deceased of lung complications, and in the other patients (P = 0.034). The 
positive serology test for Cytomegalovirus of the recipient before transplantation is associated with lower rate of 
fatal outcome. Results from other studies conducted so far are similar [15]-[17]. Most likely, this is due to the 
presence of the positive CMV-IgG-antibodies in these recipients. The pre-existing immunity to CMV may re-
duce the risk of severe CMV-disease in post-transplant period. Another explanation may be the close monitoring 
and prophylaxis of the CMV-positive recipients after operation [18]-[21]. 

The use of Mycophenolate mofetil in the immunosuppressive treatment regimens increases the risk of fatal 
outcome after pulmonary complications 3.216 times (HR = 3.216, 95% CI, 1.067 - 5.577, P = 0.011). On the 
other hand the presens of Azathioprine reduces the risk of fatal outcome with 28% (HR = 0.720, 95% CI, 0.526 - 
0.986, P = 0.04). The use of other immunosuppressive drugs does not affect the outcome of the pulmonary com-
plication. 

Mortality is significantly affected by the post-transplantation period, in which the infection occurs. In the de-
velopment of pulmonary complications in the early postoperative period the risk of fatal outcome increases 
1.972 times (HR = 0.972, 95% CI, 1.101 - 3.371, P = 0.022) and in the period 1st - 6th month—2.935 times (HR 
= 2.935, 95% CI, 1.934 - 4.454; P < 0.001). This is confirmed by the results from other studies [15] [22] [23]. 

7. Conclusion 
The pulmonary complications are one of the major causes of death in kidney transplant recipients. Recognizing 
the factors associated with higher risk of fatal outcome in cases of lung diseases will help strictly monitoring and 
treatment in these recipients. That will lead to a general decrease of morbidity and mortality in the group of pa-
tients after renal transplantation. 
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