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Introdução: Os pulmões são frequentemente 
envolvidos em uma variedade de complica-
ções após o transplante renal. A insuficiência 
respiratória aguda (IRA) é uma das manifes-
tações mais graves do envolvimento pulmo-
nar. Objetivo: Descrever as principais causas 
de IRA em pacientes transplantados de rim 
que necessitaram de cuidados intensivos e 
identificar os fatores associados à mortali-
dade. Métodos: Estudo retrospectivo que 
avaliou pacientes adultos com diagnóstico de 
insuficiência respiratória aguda internados 
na unidade de terapia intensiva (UTI) de um 
centro com alto volume de transplantes, no 
período de agosto de 2013 a agosto de 2015. 
Dados demográficos, clínicos e característi-
cas do transplante foram analisados. Análise 
de regressão logística multivariada foi reali-
zada para identificar os fatores associados a 
mortalidade hospitalar. Resultados: Foram 
incluídos 183 pacientes com idade de 55,32 
± 13,56 anos. 126 (68,8%) receberam rim de 
doador falecido e 37 (20,2%) tiveram histó-
rico prévio de rejeição. O SAPS3 de admissão 
na UTI foi de 54,39 ± 10,32 e o SOFA de 
4,81 ± 2,32. A principal causa de internação 
foi pneumonia comunitária (18,6%), segui-
da de edema agudo de pulmão (15,3%). In-
fecções oportunistas foram comuns, como 
pneumocistose (9,3%), tuberculose (2,7%) 
e citomegalovírus (2,2%). Os fatores asso-
ciados a mortalidade foram necessidade de 
vasopressor (OD 8,13, IC 2,83-23,35, p < 
0,001), ventilação mecânica invasiva (OD 
3,87, IC: 1,29-11,66, p = 0,016) e SAPS3 
(OD 1,04, IC 1,0-1,08, p = 0,045). Conclu-
são: Pneumonia bacteriana foi a principal 
causa de insuficiência respiratória aguda com 
necessidade de cuidados intensivos, seguida 
por edema agudo de pulmão. Necessidade de 
vasopressor, ventilação mecânica invasiva e 
SAP3 foram associados a mortalidade.

Resumo

Palavras-chave: insuficiência respiratória; 
transplante de rim; unidades de terapia 
intensiva.

Introduction: The lungs are often involved 
in a variety of complications after kidney 
transplantation. Acute respiratory failure 
(ARF) is one of the most serious mani-
festations of pulmonary involvement. 
Objective: To describe the main causes 
of ARF in kidney transplant patients who 
require intensive care and identify the fac-
tors associated with mortality. Methods: 
This retrospective study evaluated adult 
patients with ARF admitted to the inten-
sive care unit of a center with high vol-
ume of transplants from August 2013 
to August 2015. Demographic, clinical, 
and transplant characteristics were ana-
lyzed. Multivariate logistic regression 
analysis was performed to identify fac-
tors associated with hospital mortality. 
Results: 183 patients were included with 
age of 55.32 ± 13.56 years. 126 (68.8%) 
were deceased-donor transplant, and 37 
(20.2%) patients had previous history of 
rejection. The ICU admission SAPS3 and 
SOFA score were 54.39 ± 10.32 and 4.81 
± 2.32, respectively. The main cause of 
hospitalization was community-acquired 
pneumonia (18.6%), followed by acute 
pulmonary edema (15.3%). Opportunis-
tic infections were common: PCP (9.3%), 
tuberculosis (2.7%), and cytomegalovirus 
(2.2%). Factors associated with mortality 
were requirement for vasopressor (OD 
8.13, CI 2.83 to 23.35, p < 0.001), in-
vasive mechanical ventilation (OD 3.87, 
CI: 1.29 to 11.66, p = 0.016), and SAPS3 
(OD 1.04, CI 1.0 to 1.08, p = 0.045). 
Conclusion: Bacterial pneumonia is the 
leading cause of ARF requiring inten-
sive care, followed by acute pulmonary 
edema. Requirement for vasopressor, in-
vasive mechanical ventilation and SAP3 
were associated with hospital mortality.

Abstract

Keywords: intensive care units; kidney 
transplantation; respiratory insuffi-
ciency.
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Introduction

The number of patients immunosuppressed because 
of solid organ transplants has been increasing steadi-
ly.1 The absolute number of solid organ transplants in 
Brazil in 2015 was 7,936; and renal transplantation 
represented 70.3% of this total.2 It is considered the 
treatment of choice for patients with end-stage chron-
ic kidney disease, providing benefits in terms of qual-
ity of life and survival when compared to dialysis.3-5 
However, long-term immunosuppressive therapy in-
creases the risk of cardiovascular disease, infection, 
toxicity and cancer.6

The lungs are often involved in a variety of com-
plications after renal transplantation, and can affect 
up to 36% of these patients.7 Acute respiratory fail-
ure (ARF) is one of the most severe manifestations 
of pulmonary involvement, accounting for about half 
of hospitalizations in intensive care units (ICUs).8-10 

Bacterial and opportunistic infections are common 
causes of ARF, and are also factors associated with 
in-hospital mortality.8

The epidemiological characteristics of ARF may be 
influenced by regional aspects.11,12 Endemic diseases, 
mainly infectious, are relevant for solid organ trans-
plants.13 However, contemporary data from emerging 
countries regarding this complication in renal trans-
plant patients are scarce. Thus, this study carried out 
in Brazil aimed to identify the main causes of ARF 
that led to the need for intensive care and the factors 
associated with hospital mortality.

Methods

The study was carried out in a 16-bed ICU of a center 
with a large volume of kidney transplants in Brazil.14 
The data was collected retrospectively for the period 
from August 2013 to August 2015. The Institutional 
Research Ethics Committee approved the study and 
dispensed the informed consent (Research Ethics 
Committee - Federal University of São Paulo, refer-
ence number: 269628).

All renal transplant recipients over 18 years 
of age using immunosuppressants, who had been 
admitted to the ICU were included sequentially. 
ARF was defined as the presence of arterial oxygen 
saturation < 90% by pulse oximetry, or tachypnea 
> 30 incursions per minute, or resting respiratory 

discomfort. ARF re-hospitalizations patients and 
those who had previously been admitted for pallia-
tive care were excluded.

Demographic, clinical and transplantation data 
were obtained through the electronic medical records 
or administrative database of the ICU, which are fed 
prospectively. For the definition of sepsis, the 2001 
Consensus Conference criteria were used.15

The period between the onset of symptoms that 
led to the demand for medical care, as long as it was 
directly related to the pulmonary disease, up to the 
date of ICU admission was defined as symptom time. 
If the patient was admitted for non-pulmonary dis-
eases, it was decided to count the start date of the 
respiratory symptoms initiating after admission to the 
hospital until the date of ICU admission.

Statistical analysis

This was a descriptive study in which the categorical 
variables were expressed as percentage values, and the 
numerical variables were expressed as mean (± standard 
deviation) or median (interquartile 25-75%), according 
to the Shapiro-Wilk test. The Pearson’s chi-square test or 
Fisher’s test for categorical variables was used for com-
parison between survivors and non-survivors. For con-
tinuous variables, the Mann-Whitney test or Student’s 
T-test, according to the variable distribution. A logistic 
regression analysis was also carried out to identify fac-
tors associated with mortality. For this model, the vari-
ables that presented p < 0.05 in the univariate analysis 
were included. The results were considered significant if 
the value of p < 0.05.

The statistical analysis was carried out using the 
Statistical Package for Social Sciences (SPSS) program 
for Windows, version 19.0.

Results

During the study period, 197 patients were eligible 
for participation, of which 14 were excluded: 7 for re-
admissions and 7 for lack of data on transplantation. 
The final sample consisted of 183 patients. Clinical 
characteristics and variables related to the renal trans-
plantation are depicted in table 1. The patients had a 
long transplant time and baseline creatinine of 2.34 ± 
1.49 mg/dl. Most of them were admitted to the ICU 
coming from the Emergency Care Unit.
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Variable Total Sample 183
Survivors 129 

(70,5%)
Non-survivors 54 

(29,5%)
p-Value

Age 55.32 ± 13.56 54.84 ± 14.10 56.46 ± 12.23 0.465(1)

Males 114 (62.3%) 78 (60.5%) 36 (66.7%) 0.430(2)

Comorbidities

SAH 132 (72.3%) 91 (71.3%) 40 (74.1%) 0.705(2)

DM 76 (41.5%) 56 (43.4%) 20 (37.0%) 0.425(2)

CAD/OCI 32 (17.5%) 19 (14.7%) 13 (24.1%) 0.129(2)

HF 12 (6.6%) 9 (7.0%) 3 (5.6%) 1.000(3)

COPD 16 (8.7%) 10 (7.8%) 6 (11.1%) 0.567(3)

Renal failure causes 0.052(3)

DM 19 (10.4%) 13 (10.1%) 6 (11.1%)

Glomerulonephritis 37 (20.2%) 32 (24.8%) 5 (9.3%)

SAH 40 (21.9%) 27 (20.9%) 13 (24.1%)

Undetermined 56 (30.6%) 34 (26.4%) 22 (40.7%)

Other 31 (16.9%) 23 (17.8%) 8 (14.8%)

Transplant type 0.321(3)

Renal 179 (97.8%) 125 (96.9%) 54 (100.0%)

Pancreas-kidney 4 (2.2%) 4 (3.1%) 0 (0.0%)

Kidney retransplant 8 (4.4%) 6 (4.7%) 2 (3.7%) 1.000(3)

Transplant time (years) 4.53 (1.67 - 8.60) 4.58 (1.23 - 8.48) 4.37 (2.01 - 9.47) 0.483(4)

Immunosuppression

Prednisone 177 (96.2%) 127 (98.5%) 50 (92.6%) 0.063(3)

Tacrolimus 133 (72.7%) 98 (76.0%) 35 (64.8%) 0.123(2)

Azathioprine 34 (18.6%) 20 (15.5%) 14 (25.9%) 0.098(2)

Myfortic 83 (45.4%) 65 (50.4%) 18 (33.3%) 0.035(2)

Other 58 (31.7%) 38 (29.5%) 20 (37.0%) 0.315(2)

Donor type 0.524(2)

Live 57 (31.2%) 42 (32.6%) 15 (27.8%)

Deceased 126 (68.8%) 87 (67.4%) 39 (72.2%)

Pre-transplant dialysis type 0.830(3)

Preemptive 1 (0.6%) 1 (0.8%) 0 (0.0%)

HD 178 (97.3%) 125 (96.9%) 53 (98.2%)

Peritoneal 2 (1.1%) 2 (1.6%) 0 (0.0%)

Both 2 (1.1%) 1 (0.8%) 1 (1.9%)

Rejection 37 (20.2%) 25 (19.4%) 12 (22.2%) 0.662(2)

Rejection time (years) 0.97 (0.36 - 3.08) 1.36 (0.36 - 3.24) 0.67 (0.27 - 2.51) 0.746(4)

Baseline creatinine (mg/dl) 2.34 ± 1.49 2.37 ± 1.61 2.25 ± 1.19 0.548(1)

Origin 0.657(3)

ER 108 (59.0%) 78 (60.5%) 30 (55.6%)

Infirmary 74 (40.4%) 50 (38.8%) 24 (44.4%)

Others 1 (0.6%) 1 (0.8%) 0 (0.0%)

Hospitalization time before the ICU (days) 0 (0 - 5) 0 (0 - 4) 5.0 (0 - 8.0) 0.477(4)

SAH: systemic arterial hypertension, DM: diabetes mellitus, CAD: coronary artery disease, HF: heart failure, COPD: chronic obstructive pulmonary disease, 
ICU: intensive care unit. (1) Descriptive level of probability of Student's t test. (2) Descriptive level of probability of the chi-square test. (3) Descriptive level of 
probability of the Fisher exact test. (4) Descriptive level of probability of the non-parametric Mann-Whitney test.

Table 1	C linical and transplant-related characteristics
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Aspects of disease severity are shown in Table 2. 
The need for invasive ventilatory support, renal re-
placement therapy, and vasopressor drugs was high 
in this population. Forty-five (24.5%) patients were 
submitted to transbronchial biopsy. Nine patients 
(4.9%) required tracheostomy.

The main causes of ARF were bacterial pneumo-
nia (18.6%), cardiogenic pulmonary edema (15.3%), 
extrapulmonary sepsis (13.7%) and pneumocystis 
(9.3%). In addition to pneumocystis, there were al-
so a variety of other opportunistic agents, account-
ing for 19.1% of the cases (supplementary material). 
The number of ARF without definitive diagnosis was 
high (16.4%). Among bacterial pneumonia, 6 cases 
(3.3%) were of hospital pneumonia. Of the cases of 
extrapulmonary sepsis, four were related to candi-
demia. The 106 cases of infection presented criteria of 
organic dysfunction that allowed the characterization 
of severe sepsis or septic shock in the first 24 hours of 
admission to the ICU.

ICU mortality was 23.5%, and hospital mortality 
was 29.5%. The mortality data stratified by each dis-
ease is in the supplemental material. In the multivari-
ate analysis, to identify factors associated with mor-
tality, we included all variables that were significantly 
different between survivors and non-survivors (Table 
1 and 2). Those associated with mortality in the final 
model were: the need for vasopressor drugs, the need 
for invasive mechanical ventilation and SAPS3 (Table 
3). The accuracy of the model was 86.4% and the 
adequacy was accepted (p = 0.095).

Discussion

Bacterial pneumonia was the main cause of ARF, fol-
lowed by cardiogenic pulmonary edema. There were 
also a considerable number of cases involving op-
portunistic agents. Need of vasopressor, invasive me-
chanical ventilation and SAPS3 were associated with 
mortality.

The findings of this study agree with the majority 
of those who evaluated respiratory complications in 
renal transplant patients.8,16-19 Regarding the causes 
of ARF, the largest case series on the subject, a ret-
rospective study involving 9 French centers specifi-
cally evaluating patients with ARF, showed bacterial 
pneumonia as the main cause (35.5%), followed by 
cardiogenic pulmonary edema (24, 5%).8 In another 
smaller series from Turkey, also involving renal trans-
plant patients with ARF, but at an earlier time after 

renal transplantation, the results were similar: bacte-
rial pneumonia (56%) and cardiogenic pulmonary 
edema (44%).16

In our study, the two main individual causes of 
ARF were repeated. However, there is a peculiarity 
in our results, which is the greater proportion of dif-
ferent opportunistic agents causing ARF. We believe 
that this locally endemic diseases and socioeconomic 
aspects, as suggested in a national retrospective study 
of renal and hepatic transplant recipients at four 
transplant centers, demonstrated that a significant 
proportion of the patients (4.7%) had an opportunis-
tic disease, mainly tuberculosis.13

Another aspect that may be discussed is that the 
history of prophylaxis for opportunistic agents has 
not been evaluated, and may have an impact on the 
causes of ARF. In our study, for instance, pneumocys-
tis was frequent. In this case, prophylaxis can be con-
sidered for a longer time,20 since there is a description 
that the disease may occur later in those who are no 
longer using prophylactic medication.21

It is important to note that although urinary in-
fection is the most common in the renal transplant,22 
pulmonary infection is the main cause of sepsis and 
hospitalization in the ICU.8,10,23,24 Traditionally, a 
greater number of infections are expected in the first 
6 months of transplantation, a period in which im-
munosuppression is more intense.25,26 However, it is 
interesting to note that patients included in this study 
had on average more than 5 years of transplantation.

Even when the time for transplantation is analyzed 
for each infectious disease individually, all occurring 
later, except for cytomegalovirus. This finding is no 
different from other studies in this population, which 
report severe pulmonary complications more fre-
quently after 6 months of transplantation,8,9,16,18,23,24,27 
although there are cases with different results.17,28

Cardiogenic pulmonary edema is another condi-
tion often implicated in the genesis of ARF. Renal 
transplants present risk factors for the development 
of cardiovascular diseases,29 which are frequent co-
morbidities and are the main cause of morbidity and 
mortality in this population.30 Although it is report-
ed more frequently in the initial phase after trans-
plantation,8 in our study this characteristic was not 
observed.

Regarding factors associated with mortality, our 
study also repeats results from studies of renal trans-
plant patients requiring intensive care, showing that 
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Variable
Total sample 

(n = 183)
Survivors 
(n = 129)

Non-survivors 
(n = 54)

p-Value

Symptoms duration 
(days)

3.0 (1.0 - 8.0) 3.0 (1.0 - 7.0) 5.0 (0 - 10.25) 0.478(4)

PaO2/FiO2 ratio* 238.69 + 95.57 239.26 + 96.88 237.31 + 93.23 0.900(1)

SAPS3 54.39 + 10.32 52.62 + 9.70 58.61 + 10.61 < 0.001(1)

Respiratory SOFA* 2.0 (1.0 - 2.0) 2.0 (1.5 - 2.0) 2.0 (1.0 - 2.0) 0.583(4)

Total SOFA* 4.81 + 2.32 4.50 + 2.03 5.56 + 2.78 0.014(1)

Lactate (mg/dl)* 10.65 (7.2 - 15.17) 10.85 (6.87 - 14.42) 10.35 (7.82 - 18.57) 0.418(4)

Circulatory shock * 13 (7.1%) 6 (4.7%) 7 (13.0%) 0.060(3)

Severe sepsis 106 (57.9%) 67 (63.2%) 39 (83.0%) 0.015(2)

Use of vasopressor 65 (35.5%) 21 (16.3%) 44 (81.5%) < 0.001(2)

IMV 78 (42.6%) 33 (25.6%) 45 (83.3%) < 0.001(2)

NIMV 163 (89.1%) 110 (85.3%) 53 (98.2%) 0.011(2)

Dialysis 81 (44.3%) 40 (31.0%) 41 (75.9%) < 0.001(2)

Time in ICU (days) 7.0 (4.0 - 11.0) 6.0 (3.0 - 9.0) 11.0 (5.75 - 17.25) < 0.001(4)

Hospitalization time 
(days)

19.0 (11.0 - 33.0) 21.0 (11.0 - 33.0) 19.0 (11.0 - 33.5) 0.763(4)

PaO2/FiO2: arterial oxygen partial pressure/inspired oxygen fraction, SAPS3: Simplified Acute Physiology Score 3, SOFA: Sequential Organ Failure 
Assessment (Sequential Organ Failure Assessment), IMV: invasive mechanical ventilation, NIMV: non-invasive mechanical ventilation, ICU: 
Intensive Care Unit. * At the time of admission to the Intensive Therapy Unit (1) Descriptive level of probability of the Student t test. (2) Descriptive 
level of probability of the chi-square test. (3) Descriptive level of probability of the Fisher exact test. (4) Descriptive level of probability of the non-
parametric Mann-Whitney test.

Table 2	C linical characteristics

Variable OD CI 95 p-Value

Vasopressor 
use

8.13
(2.83; 
23.35)

< 0.001

VMI 3.87 (1.29; 11.66) 0.016

SAPS3 1.04 (1.00; 1.08) 0.045
OD: odds ratio, CI: confidence interval, IMV: invasive mechanical 
ventilation, SAPS 3: Simplified Acute Physiology Score 3.

Table 3	 Associated factors to hospital mortality 

none of the transplant-related characteristics was as-
sociated with mortality, but rather factors related to 
disease severity.10 Among 5% to 10% of renal trans-
plant recipients who at some time present complica-
tions requiring intensive care,10 about half are admit-
ted for ARF.8

The mortality reported in these cases ranges from 
22.5% to 66.6%.8,18 In our study it was 29.5%. The 
comparison with other centers is not doable, since the 
causes of ARF are different and severity scores are not 
always reported. It should also be emphasized again 
that socioeconomic aspects can have an impact on the 
outcome of the patients. In a multicenter, prospective 
cohort study involving 773 patients in 45 national 
ICUs submitted to ventilatory support, mortality 
was high when compared to global epidemiological 

data, especially in patients with moderate to severe 
acute respiratory distress syndrome, reaching 60%. 
Unequal access to health care was one of the factors 
to explain the results.12,31

This study stands out for including a specific pop-
ulation of patients that has become more numerous. 
The data was collected consecutively and in a short 
time interval, minimizing fluctuations in diagnosis 
and treatment that may occur when there are very 
long periods of time. However, there are many limita-
tions. As a unicentral study, the findings may not be 
reproducible, even in other regions of the country.

Despite being one of the studies with the largest num-
ber of cases on the subject, a larger sample would give 
power to the statistical findings. The information for the 
study was drawn from a database for administrative pur-
poses, which although they were fed prospectively did 
not have the rigor of a prospective study. In addition, 
there may have been some losses of patients who had 
ARF and were not admitted to the ICU. The previous 
history of hospitalizations for respiratory complications 
was not raised. Finally, the lack of a better characteriza-
tion of the impact of ARF on renal graft function, an as-
pect that is relevant in this population, was not analyzed.
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Conclusion

The main cause of ARF in our study was bacterial 
pneumonia. There were also a considerable number 
of infectious cases involving opportunistic agents. 
None of the characteristics related to transplantation 
were associated with mortality, but rather factors re-
lated to the severity of the disease.
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Supplementary Material

Diagnosis number of patients
time for transplantation 

(days)
Hospital Mortality

Infection

Bacterial pneumonia 34 (18.9) 1485 (672 - 3553) 11 (32.3)

Extrapulmonary sepsis 26 (14.4) 2208 (1170 - 4587) 11 (42.3)

Opportunistic infections

Pulmonary aspergillosis 1 (0.6) 916 0 (0.0)

Cytomegalovirus 6 (3.3) 165 (59 - 1177) 4 (66.7)

Influenza 4 (2.2) 2060 (360 - 4539) 1 (25)

Pneumocystis 17 (9.4) 1111 (327 - 2112) 8 (47.0)

Tuberculosis 6 (3.3) 1924 (1258 - 3105) 2 (33.3)

Chagas disease - acute 
phase

1 (0.6) 43 0 (0.0)

Cardiogenic pulmonary 
edema

28 (15.6) 1729 (313 - 4107) 3 (10.7)

Mixed 11 (6.1) 2966 (1530 - 4492) 2 (18.2)

Other

Organizing cryptogenic 
pneumonia

1 (0.6) 1733 0 (0.0)

Diffuse alveolar damage 1 (0.6) 610 0 (0.0)

Pleural effusion 2 (1.1) 2958 0 (0.0)

Chronic pulmonary 
obstructive disease

5 (2.8) 1463 (977 - 2560) 1 (20.0)

Shedding interstitial 
pneumonia

1 (0.6) 4722 0 (0.0)

Eosinophilic pneumonitis 1 (0.6) 1309 0 (0.0)

Drug reaction 2 (1.1) 399 0 (0.0)

Pulmonary embolism 1 (0.6) 56 0 (0.0)

Tumor 4 (2.2) 2943 (769 - 4818) 3 (75.0)

Broncho aspiration 1 (0.6) 1645 1 (100.0)

Without diagnostic 
definition

30 (16.7) 1995 (414 - 3097) 7 (23.3)


