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Background: This study sought to examine the factors influencing acute kidney injury (AKI) in the
perioperative period after lung transplantation (LT).

Methods: We collected and analyzed the clinical data of 25 patients, who were diagnosed with AKI in
the perioperative period after LT at Sichuan Provincial People’s Hospital from July 1, 2018 to June 30,
2020. Based on the clinical outcomes, the patients were divided into an AKI group and a non-AKI group.
Differences between the two groups were compared, including differences in mechanical ventilation (MV)
time and intensive care unit (ICU) stay time, the mode of transplantation, the total amount of dehydration in
the first week after surgery, use of potential kidney damaging drugs, and whether extracorporeal membrane
oxygenation (ECMO) was used.

Results: Nineteen patients (76%) were diagnosed with AKI in the perioperative period after L'T. There
were no statistically significant differences between the two groups in terms of basic information, the mode of
transplantation, the total amount of dehydration in the first week after surgery, the daily dose of tacrolimus,
whether ganciclovir was used, whether voriconazole was used, whether ECMO was used, and mortality
(P>0.05). However, the MV time and ICU stay time of the AKI group was longer than that of the non-AKI
group (P=0.006, 0.011, respectively). Analysis within the group shows there were no significant differences in
terms of mortality, the MV time, and the ICU stay time between the AKI stage two group and the AKI stage
three group (all P>0.05). A multi-factor analysis was conducted in which AKI was the dependent variable,
whether an amount of dehydration greater than 2,000 mL, a body mass index (BMI) greater than 18, and the
use of ganciclovir and voriconazole had been examined as an independent variable; however, none of these
were found to be risk factors associated with AKI.

Conclusions: The incidence of AKI in the perioperative period after LT is high. AKI in the perioperative
period after LT prolonged patients’ MV time and ICU stay time. In the perioperative management of LT; it
is necessary to consider kidney protection to reduce the risk of AKI.
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Introduction

With the rapid development of solid organ transplantation,
the use of lung transplantation (LT) technology as the
only treatment for end-stage lung disease has become
increasingly mature. LT improves the quality of life of
recipients and prolongs survival significantly. The median
survival time of lung transplant recipients is 6.5 years,
which is still significantly lower than that of other solid
organ transplants (1). Acute rejection and infection are
important causes of perioperative death among lung
transplant recipients (1). Additionally, renal dysfunction
has become a major long-term complication after LT (2).
The risk factors of acute kidney injury (AKI) during
perioperative period of LT include: old age, complications,
perioperative period, large circulation fluctuation,
infection and the use of drugs for renal damage (3,4).
The occurrence of renal function impairment during the
perioperative period of LT can increase recipients the
incidence of chronic renal dysfunction and mortality (5),
and unlike rejection and infection, renal function
impairment is easily overlooked in complex clinical
situations. Thus, further research needs to be conducted on
the risk factors of AKI that occur during the perioperative
period of LT to reduce and delay the occurrence and
development of this major postoperative complication and
prolong the survival time of lung transplant recipients.
We present the following article in accordance with the
STROBE reporting checklist (available at https://dx.doi.
org/10.21037/apm-21-2094).

Methods
Research object

The medical records of 25 patients who underwent L'T" at
Sichuan Provincial People’s Hospital from July 1, 2018 to
June 30, 2020 were collected.

Inclusion criteria

To be eligible to participate in this study, patients had to
meet the following inclusion criteria: (I) be aged >18 years;
(II) be undergoing LT surgery; (III) meet the definition
of AKI set out in the Kidney Disease: Improving Global
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Outcomes (KDIGO) (6): show an increase of 0.3 mg/dL
(>26.5 pmol/L) of serum within 48 hours, or show an
increase 1.5 times or more than that of the baseline value
of serum creatinine within 7 days, or have a urine output
<0.5 mL/(kg-h) for 6 hours; (IV) develop AKI in the
perioperative period of L'T.

Exclusion criteria

Patients were excluded from the study if they met any of the
following inclusion criteria: (I) died within 24 hours of the
LT; (II) suffered from preoperative chronic kidney disease
(CKD); (ITI) had no available life status data.

Ethics

All procedures performed in this study involving human
participants were in accordance with the Declaration of
Helsinki (as revised in 2013). The study was approved by
the Sichuan Provincial People’s Hospital’s Medical Ethics
Committee (No: 259 of 2019). Individual consent for this
retrospective analysis was waived.

Principles of treatment during the perioperative
period of LT

The main treatments received by patients during the
perioperative period of LT include anti-rejection therapy,
liquid volume management, infection prevention,
rehabilitation, and nutritional therapy (7). To prevent
primary graft dysfunction (PGD) and circulatory load after
LT, a strict negative balance is implemented in the fluid
management of lung transplant recipients to maintain
transplant lung function.

Observation indicators

The patients were divided into two groups depending on
whether AKI occurred during the perioperative period of
LT. The method of transplantation, the total amount of
dehydration in the first week after the operation, the daily
dosage of tacrolimus, and whether ganciclovir, voriconazole,
and extracorporeal membrane oxygenation (ECMO) were
used during the perioperative period were included in the
statistical analysis.
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Table 1 Comparison of the general conditions of the two groups with and without AKI during the perioperative period
Group Sex Hypertension ~ Coronary heart disease ~ Underlying lung disease Age BMI
AKI group 16/3 217 11/8 55.6+9.2 19.8+3.4
Non-AKI group 51 1/5 4/2 61.8+7.5 21.4+2.1
P value 0.959 0.579 0.702 0.127 0.182
AKI, acute kidney injury; BMI, body mass index.
Table 2 Single-factor comparison of AKI between the two groups
Total amount of

Group Transplantation de.hydration inthe  Daily fjosage of Whether . Whether Whether

method first week after tacrolimus (g/d) ganciclovir used  voriconazole used ECMO used

surgery (mL)

AKI group 9/10 2,937.1+2,028.6 4.2+1.0 12/7 6/13 9/10
Non-AKI group 3/3 1,912.8+669.9 4.0+1.6 3/3 3/3 3/3
P value 1.0 0.182 0.653 0.63 1.0

AKI, acute kidney injury; ECMO, extracorporeal membrane oxygenation.

Statistical methods

SPSS22.0 statistical software was used to process the data.
Normally distributed measurement data is represented
as xxs. The 7-test was used for comparisons between the
groups. The measurement data of skewed distribution is
represented by the median (interquartile range) [M(QL,
QU)], and the non-parametric rank-sum test was used.
Count data are expressed as a percentage (%), and the
comparison of rates and categorical variables were tested
using Fisher’s exact probability method. A P<0.05 was
considered statistically significant.

Results
Basic information

Among the 25 lung transplant recipients, 19 patients
developed AKI during the perioperative period. Thus,
there was an incidence rate of 76%. Among the 19 patients
with AKI, 16 were male and 3 were female, and these
patients had an average age of 55.6+9.2 years. There were
8 cases of pulmonary interstitial fibrosis and 11 cases
of chronic obstructive pulmonary disease, and 3 cases
of hypertension and 2 cases of coronary heart disease
among them. The general information of the two groups
was balanced, and the differences were not statistically
significant (see Table I).
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Univariate analysis of AKI in lung transplant recipients
during the perioperative period

The transplantation method, the total amount of
dehydration in the first week after surgery, the daily dosage
of tacrolimus, whether ganciclovir was used, whether
voriconazole was used, whether ECMO was used during the
perioperative period between the AKI group and the non-
AKI group were compared. The results showed that the
differences were not statistically significant (all P>0.05; see
Table 2).

Single-factor comparison of clinical outcomes in the
intensive care unit (ICU) of the two groups with or
without AKI

There was no statistically significant difference in the
mortality rate between the AKI group and the non-AKI
group. The mechanical ventilation (MV) time and ICU stay
time of the AKI group was longer than that of the non-AKI
group (P=0.006, 0.011; see Table 3).

Comparison of ICU clinical outcomes at different stages in
the AKI group

The lung transplant recipients who developed AKI were
divided into AKI2 and AKI3 groups according to the
AKI stages. There were no significant differences in the
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Table 3 Comparison of ICU clinical outcomes between the two groups
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Group Case fatality rate MV time (h) ICU stay time (days)
AKI group 5/14 (66.7 %) 63.0 (22.0, 114.0) 10 (6.0, 15.0)
Non-AKI group 1/5 (25.0%) 15.0 (8.0, 28.0) 4.0 (2.0, 9.0

P value 0.629 0.006 0.011

ICU, intensive care unit; MV, mechanical ventilation; AKI, acute kidney injury.

Table 4 Comparison of ICU clinical outcomes at the different stages of AKI

AKI stage Case fatality rate MV time >48 h group MV time <48 h group  ICU stay time >1 week  ICU stay time <1 week
2 stage 1/5 (20.0%) 3 3 5 1

3 stage 4/9 (44.4%) 8 5 8 5

P value 1.0 1.0 0.605

ICU, intensive care unit; AKI, acute kidney injury; MV, mechanical ventilation.

Table 5 Logistic regression analysis of AKI in lung transplant recipients during the perioperative period

Regression

Wald test 95% confidence

Variables coefficients (B) SE statistics P value OR value interval for OR value
Transplantation method 1.137 1.589 0.512 0.474 3.118 0.138-70.251
Total amount of dehydration in the first -0.965 1.589 0.364 0.546 0.381 0.017-8.740
week after surgery

BMI -1.825 1.993 0.838 0.36 0.161 0.003-8.017
Ganciclovir 0.543 1.364 0.158 0.691 1.721 0.119-24.918
Voriconazole 0.09 2.203 0.002 0.967 1.095 0.015-82.093
ECMO -0.093 1.682 0.003 0.956 0.911 0.034-24.628

AKI, acute kidney injury; SE, standard error; OR, odds ratio; BMI, body mass index; ECMO, extracorporeal membrane oxygenation.

mortality rates, whether the MV time was greater than 48 h,
and whether the ICU stay was greater than 1 week between
these two groups (see Table 4).

Logistic regression analysis of risk factors of AKI in lung
transplant recipients during the perioperative period

The dependent variable was the presence or absence
of AKI in the research subjects. A multivariate analysis
was conducted of the following independent variables:
the transplantation method, whether the amount of
dehydration in the first week after the operation was greater
than 2,000 mL, whether the body mass index (BMI) was
greater than 18, whether ganciclovir was used, whether
voriconazole was used, and whether ECMO was used. The
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results showed that none of these risk factors were related
to the occurrence of AKI (see Table 5).

Discussion

As of June 2017, a total of 64,803 adult lung transplants
had been registered by the International Society for Heart
and Lung Transplantation. In 2016, a total of 4,054 lung
transplants were performed globally, which is double the
number 10 years ago (1). According to the definition of
KDIGO, the global incidence rate of AKI is 22-57% (8,9).
The incidence of AKI after LT is between 50-70% (10),
and AKI can easily develop into CKD, which is related to
the long-term mortality rate after LT (11). In this study, we
retrospectively analyzed the relevant data of 25 LT cases at
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our center, and explored the risk factors of AKI during the
perioperative period of LT

The incidence of AKI during the perioperative period of
LT at our hospital was 76%, which is equivalent to the level
reported in the literature (10). From a clinical perspective,
the underlying diseases that affect renal function include
hypertension, coronary heart disease, diabetes and so on,
and possible influencing factors for the occurrence of AKI
after LT include excessive dehydration, the occurrence of
perioperative infection, the use of potential kidney damaging
drugs, and ECMO interventions. PGD is the main factor
affecting the early survival rate after I'T. The main principle
for managing PGD is the strict control of the negative fluid
balance (12). If the diuretic effect is poor, continuous renal
replacement therapy (CRRT) should be started actively.
Excessive dehydration was not observed to be associated with
the occurrence of AKI during the perioperative period of
LT in this study; however, in absolute terms, the amount of
dehydration in the AKI group was much higher than that of
the non-AKI group, which suggests that excessive negative
fluid balance may induce AKI. Thus, in preventing PGD, it
is necessary to consider whether the perfusion of the kidney
is sufficient, and patients’ renal function and urine output
should be closely monitored during the perioperative period
of LT. If vasoconstrictor drugs are needed, nitroglycerin
could be infused at the same time or a “kidney dose” of
dopamine could be used to offset the contraction effect
on the renal blood vessels. However, giving AKI patients
excessive fluid load will greatly reduce the possibility of renal
function recovery (13). Thus, for lung transplant recipients
who have developed AKI, it is important to note that the total
fluid volume can’t easily be too high. If necessary, CRRT
can be initiated. However, the optimal CRRT start time for
patients with severe AKI needs to be further explored (14).
"Thus, the effects of the management of the fluid balance after
LT on the occurrence and recovery of AKI and the survival
of lung transplant recipients require further investigation.
Infection and rejection are also life-threatening complications
in the perioperative period of LT, and have a clear impact
on renal function. Therefore, broad-spectrum antibiotics
and rejection drugs are routinely used to prevent and treat
these complications after I'I" (7). Some biomarkers, such as
urine neurophil gelatinase associated lipocalin (NGAL) and
cystatin C (CyC) can help pay attention to the occurrence
and risk stratification of AKI after heart transplantation (15),
but the role of AKI in the perioperative period of LT needs
to be observed.

Our studies have shown that the duration of MV in AKI
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patients is longer than that in non-AKI patients. For LT
recipients who happened AKI during the perioperative
period, fluid retention increases their cardiopulmonary
load and their dependence on the ventilator, which in turn
increases their risk of infection. This also prolongs the MV
time of LT recipients who develop AKI. Some intertwined
pathological factors, such as lung ischemia-reperfusion
injury and ventilator-related lung injury, are also associated
with the occurrence of AKI (16). Conversely, AKI increases
the risk of offline failure by disrupting the steady state
of the acid-base and liquid balance (17). MV increases
intrathoracic pressure, which leads to an increase in the
demand for the fluid load, which in turn promotes the
progress of AKI, forming a vicious cycle of lung and kidney
injury, and continuing the impairment of organ function.
Thus, longer time of MV can increase the mortality of
lung transplant recipients who develop AKI. Due to the
small number of patients included in this study, there is a
lack of statistical support for the difference in the mortality
rates between the AKI and non-AKI groups. However,
the absolute value of the fatality rate (66.7%) of the AKI
group was higher than that of the non-AKI group (25.0%),
and the fatality rate of the AKI3 group was higher than
that of the AKI2 group, which suggests that the increase
in the fatality rate of AKI after IT. We hope to confirm
this strong correlation in future studies. Previous studies
have also reported that the severity of AKI is a predictor
of early recovery for lung transplant recipients (18). A
longer duration of AKI is associated with a worse clinical
prognosis, which is similar to the risk that AKI patients face
after other surgical procedures. In addition, compared to
patients with persistent AKI, patients with transient renal
function abnormalities after L'I" have a significantly higher
survival rate (4).

In previous studies, independent risk factors related to
the occurrence of AKI during the perioperative period
of LT have included a higher BMI, the application of
cyclosporine, and a longer MV time (4). It has also been
reported that viral infection after transplantation may lead
to impaired renal function (19). As the BMI of the lung
transplant recipients selected at our hospital was generally
balanced, it was difficult to distinguish between BMI levels
statistically. The main immunosuppressive use after surgery
was tacrolimus. According to each patient’s condition,
voriconazole antifungal, or ganciclovir antiviral was selected
as appropriate. The current study did not find that the use
of tacrolimus, voriconazole, ganciclovir, or ECMO were
associated with the occurrence of AKI. Notably, it has been
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observed in clinical management that the effects of certain
drugs on renal function is dose-dependent; however, as the
current statistical data were insufficient, it was difficult to
draw meaningful conclusions. Research has reported (20)
that the use of ulinastatin and calcium blockers in the
perioperative period of kidney transplantation can enhance
the function of the transplanted kidney and prevent the
renal toxicity of cyclosporine, but the renal protection in
the perioperative period of LT is not yet clear.

In summary, the high incidence of AKI during the
perioperative period of LT requires attention. In the
perioperative management of LT it is necessary to carefully
grasp the dynamic balance of fluid, use drugs with little
damage on the kidney, and prevent and control infections
to reduce the risk of AKI. Once AKI occurs, comprehensive
measures should be used to promote the recovery of renal
function as much as possible to reduce the effects of AKI on
the perioperative management of lung transplant recipients,
reduce the possibility of CKD developing, and extend
the survival time of lung transplant recipients as much
as possible. In view of the mechanism, biomarkers, and
comprehensive management of AKI in the perioperative
period of lung transplant recipients, high-quality random
control trials at multi-centers need to be conducted to
generate evidence-based hypotheses.
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