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Abstract

Objective: To identify preoperative factors predicting early admission (within 30 days) of adult kidney
transplant recipients to the intensive care unit (ICU).
Patients and Methods: This is a single-center retrospective study of consecutive kidney transplant re-
cipients between January 1, 2007, and December 31, 2016. Children (aged <18 years) and patients who
underwent simultaneous multiorgan transplantation were excluded from the analysis. Associations be-
tween demographic, transplant-related, and comorbidity variables with ICU admission within 30 days of
transplantation were analyzed using univariate and multivariate logistic regression models.
Results: Of the 1527 eligible patients, 305 (20%) required early ICU admission. In univariate analysis,
older age, higher body mass index (BMI), previous transplantation, myocardial infarction, congestive heart
failure, obstructive pulmonary disease, longer ischemia time, pretransplant dialysis, and transplantation
from a deceased donor were associated with increased odds of ICU admission. After multivariate
adjustment, every 10-year increase in recipient age (odds ratio [OR], 1.26; 95% CI, 1.12-1.42; P<.001), 5-
unit increase in BMI (OR, 1.11; 95% CI, 1.00-1.22; P¼.049), pretransplant dialysis (OR, 1.57; 95% CI,
1.19-2.08; P¼.002), and deceased donor transplantation (OR, 1.82; 95% CI, 1.29-2.55; P<.001) were
associated with the increased risk of ICU admission. Preemptive transplantation (OR, 0.64; 95% CI, 0.48-
0.84; P¼.002) and living donor kidney transplantation (OR, 0.55; 95% CI, 0.39-0.77; P<.001) were
associated with lower odds of ICU admission after transplantation.
Conclusion: Recipient age, BMI, and the need for pretransplant dialysis are associated with a higher risk of
early ICU admission after kidney transplantation, whereas living donor kidney transplantation and pre-
emptive transplantation decrease these odds. Early referral of patients with end-stage renal disease for
preemptive transplantation and living donor kidney transplantation can significantly reduce transplant-
related ICU admissions.
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K idney transplantation is the treatment of
choice for patients with end-stage renal
disease (ESRD).1 In comparison to pa-

tients maintained on dialysis, life expectancy
and quality improve significantly in transplant
recipients.1-4 However, the relative risk of death
within the first month of transplantation is
approximately 3 times higher than that in pa-
tients undergoing dialysis.1 Patients with ESRD
are at least American Society of Anesthesiologists
(ASA) class III per the ASA physical status classi-
fication system,5,6 which is associated with
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higher postsurgical mortality.6,7 Therefore,
many of these patients require high acuity care
in the intensive care unit (ICU) early after trans-
plantation. Intensive care unit admission rates
after kidney transplantation range between
3% and 42% in historical observations, although
these rates likely do not reflect the more recent
changes in the demographic and clinical charac-
teristics of kidney transplant recipients.8-13 In
addition, little is known about the preoperative
factors that predict early ICU admission after
kidney transplantation.
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Transplant trends have changed in the past
2 decades.14-17 Because of the increasing inci-
dence of ESRD and a limited supply of organs,
the number of wait-listed candidates continues
to increase.15,17 At the same time, listing
criteria have expanded significantly over the
same time period. For example, the percentage
of elderly patients (aged >64 years) on the
United Network for Organ Sharing waiting
list increased from 15.3% to 22.5% and dia-
betic nephropathy as the cause of ESRD
increased from 39.4% to 46% from 2006 to
2016.15,18 Given these changes in the risk pro-
file of kidney transplant recipients, we attemp-
ted to identify preoperative factors that predict
early admission of adult kidney transplant re-
cipients to the ICU over a 10-year period.

PATIENTS AND METHODS
The study was carried out at Mayo Clinic in
Rochester, Minnesota, and was approved by
the Mayo Clinic Institutional Review Board. All
adult patients (aged �18 years) who received a
kidney transplant between January 1, 2007,
and December 31, 2016, were selected for the
study. Patients younger than 18 years of age at
the time of transplantation, individuals who
did not give previous research authorization
for chart review, or individuals who received
combined organ transplantation (liver, heart,
or pancreas with a kidney) were excluded from
the study. The ICU cohortwas defined as patients
who required ICU admission within 30 days of
1527 Eligible adult patien
a solitary kidney tran

305 Patients required early (within 30 d)
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January 1, 2007, and Decem

FIGURE. Flowchart showing the inclusion of study pa
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their kidney transplantation surgery. Patients
who did not require ICU admission within 30
days of transplant surgery were included in the
non-ICU cohort (Figure).

Data on recipient-related characteristics
including age; sex; body mass index (BMI;
calculated as the weight in kilograms divided
by the height in meters squared); comorbid-
ities; dialysis before transplantation; previous
solid organ transplant; retransplant; donor-
related information including age, deceased
vs living, and sex; and finally surgery-related
data including warm ischemia time (WIT), to-
tal ischemia time, and induction immunosup-
pression were abstracted from the Mayo Clinic
Transplant Center database. Warm ischemia
time was defined as the time between taking
the kidney allograft out of the cold preserva-
tion solution and reperfusion. The ICU-
related data were collected from a previously
validated electronic data mart.19 Associations
between these variables with ICU admission
within 30 days of transplant surgery were
analyzed using univariate and multivariate lo-
gistic regression models.

Data were descriptively summarized by ICU
admission within 30 days using frequencies and
percentages for categorical variables (male sex;
retransplant; any previous solid organ trans-
plant; history of myocardial ischemia [MI],
congestive heart failure [CHF], peripheral
vascular disease [PVD], cerebrovascular acci-
dent, dementia, chronic obstructive pulmonary
67 Children

62 Individuals who did not give consent

222 Patients who underwent multiorgan transplantation

ts who had
splant

1222 Patients who did not require ICU
admission within 30 d of transplant surgery

rmed between
ber 31, 2016

rticipants. ICU ¼ intensive care unit.
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disease [COPD], asthma, interstitial lung disease
[ILD], diabetes mellitus [DM], cirrhosis, and
hemi- or paraplegia; donor type; donor male
sex; preoperative dialysis; and type of induction
immunosuppression used) and medians and
interquartile ranges (IQRs) for continuous vari-
ables (age of recipient, BMI, donor age, WIT,
and total ischemia time). Data distributions
across ICU admission within 30 days were
compared using chi-square and Fisher exact
tests (where appropriate) for categorical data
and Wilcoxon rank-sum tests for continuous
data.

Logistic regression models were used to
analyze associations with ICU admission
within 30 days of transplant after multivariate
adjustment. To control for all variables, a 2-
step regression model was used. In the first
step, variables that were found significant
(P<.05) in the unadjusted models were
entered into a minimally adjusted model. Vari-
ables considered for the unadjusted model
included age, BMI, sex, previous solid organ
transplantation, medical history (MI, DM,
CHF, PVD, COPD, ILD, cerebrovascular acci-
dent, and asthma), deceased donor transplan-
tation, WIT, pretransplant dialysis, induction
immunosuppression (alemtuzumab, basilixi-
mab, or anti-thymocyte globulin), and donor
age and sex. To be fully inclusive, our final
multivariate model included all covariates
with P<.40 in the minimally adjusted models
(age, BMI, organ transplant, MI, CHF, PVD,
COPD, ILD, CTD, donor age, donor deceased,
WIT, pretransplant dialysis, alemtuzumab,
basiliximab, and thymocyte). To ensure that
the model fit was reasonable on the fully
adjusted model, model diagnostics were per-
formed, and there was no evidence for lack
of fit using the Hosmer-Lemeshow test and
when examining the model residuals.

All analyses were performed using SAS
version 9.4 (SAS Institute Inc.). A 2-sided
P-value of less than .05 was considered
significant.
RESULTS

Study Population
A total of 1878 kidney transplants were per-
formed between January 1, 2007, and
December 31, 2016, at Mayo Clinic, Rochester,
MN. The eligible cohort comprised 1527 adult
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patients who had a solitary kidney transplant.
The demographic and clinical characteristics
of the cohort are summarized in Table 1. The
median age was 54.2 years (IQR, 43.4-63.6
years), and the median BMI was 28.9 kg/m2

(IQR, 24.9-33.5 kg/m2). Most recipients were
male (58.9%) and received a living donor allo-
graft (82.8%). A significant number of patients
had undergone previous solid organ transplan-
tation (n¼273 [17.9%]), most of whom have
had a previous kidney transplant (n¼256
[16.8%]). Approximately half (n¼813
[53.2%]) of the patients were undergoing dial-
ysis at the time of transplant (Table 1).

Comparison Between ICU and Non-ICU
Cohorts
A total of 305 patients (20.0%) who required an
ICU admission within the first 30 days of trans-
plant surgery comprised the ICU cohort. The
median Sequential Organ Failure Assessment
score on day 1 of ICU admission was 5 (IQR,
3-7). Recipient sex and donor sex and age were
similar in the 2 cohorts (Table 1). Patients in
the ICU cohort were older (55.9 years [IQR,
45.5-64.6 years] vs 53.6 years [IQR, 42.7-63.1
years]; P¼.01), had higher BMI (29.9 kg/m2

[IQR, 25.5-34.5 kg/m2] vs 28.8 kg/m2 [IQR,
24.8-33.3 kg/m2]; P¼.04), and were more likely
to have had a previous solid organ transplant
(22.0% vs 16.9%; P¼.04). Patients requiring
ICU admission had a higher incidence of MI
(9.2% vs 5.6%; P¼.02), CHF (9.8% vs 4.9%;
P¼.001), PVD (5.2% vs 2.7%; P¼.02), and
COPD (5.6% vs 3.0%; P¼.03), but not DM
(37.3% vs 32.1%; P¼.16). They were also
more likely to have received a kidney allograft
from a deceased donor (29.5% vs 14.2%;
P<.001) while undergoing dialysis (65.9% vs
50.1%; P<.001). The overall total ischemia
time was longer in the ICU cohort (138 minutes
[IQR, 84-721 minutes] vs 94 minutes [IQR, 69-
184 minutes]; P<.001) (Table 1).

Unadjusted Model for Factors Associated
With Early ICU Admission
In unadjusted logistic regression models, older
recipient age (odds ratio [OR], 1.13; 95% CI,
1.03-1.24); higher BMI (OR, 1.11; 95% CI,
1.01-1.22); previous solid organ transplanta-
tion (OR, 1.39; 95% CI, 1.02-1.89); history
of MI (OR, 1.69; 95% CI, 1.07-2.67), CHF
(OR, 2.11; 95% CI, 1.34-3.34), PVD (OR,
ps://doi.org/10.1016/j.mayocpiqo.2019.06.008 287
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TABLE 1. Patient Demographic and Clinical Characteristics By ICU Admission Within 30 da,b

Characteristic Non-ICU cohort (n¼1222) ICU cohort (n¼305) Total (N¼1527) P value

Baseline characteristics
Age (y) 53.6 (42.7, 63.1) 55.9 (45.5, 64.6) 54.2 (43.4, 63.6) .01c

Sex: male 723 (59.2) 176 (57.7) 899 (58.9) .64d

BMI (kg/m2) 28.8 (24.8, 33.3) 29.9 (25.5, 34.5) 28.9 (24.9, 33.5) .04c

Retransplant 195 (16.0) 61 (20.0) 256 (16.8) .09d

Previous solid organ transplant 206 (16.9) 67 (22.0) 273 (17.9) .04d

Comorbid conditions
MI 69 (5.6) 28 (9.2) 97 (6.4) .02d

CHF 60 (4.9) 30 (9.8) 90 (5.9) .001d

PVD 33 (2.7) 16 (5.2) 49 (3.2) .02d

CVA 69 (5.6) 24 (7.9) 93 (6.1) .15d

Dementia 4 (0.3) 0 (0.0) 4 (0.3) .59e

COPD 37 (3.0) 17 (5.6) 54 (3.5) .03d

Asthma 75 (6.1) 19 (6.2) 94 (6.2) .95d

ILD 24 (2.0) 10 (3.3) 34 (2.2) .16d

Chronic pulmonary disease 126 (10.3) 42 (13.8) 168 (11.0) .08d

Connective tissue disease 50 (4.1) 18 (5.9) 68 (4.5) .17d

Diabetes .16d

None 830 (67.9) 190 (62.3) 1020 (66.8)
Diabetes, no complications 204 (16.7) 57 (18.7) 261 (17.1)
Diabetes, with complications 188 (15.4) 58 (19.0) 246 (16.1)

Cirrhosis/mild liver disease 76 (6.2) 14 (4.6) 90 (5.9) .28d

Hemi/paraplegia 4 (0.3) 1 (0.3) 5 (0.3) 1.00e

Donor-related variables
Donor age 45 (35, 55) 46 (34, 55) 46 (35, 55) .93c

Donor type <.001d

Living 1049 (85.8) 215 (70.5) 1264 (82.8)
Deceased 173 (14.2) 90 (29.5) 263 (17.2)

Donor sex: male 529 (43.3) 144 (47.2) 673 (44.1) .22d

Surgery-related variables
Warm ischemia time (min) 42 (36, 48) 43 (37, 51) 42 (36, 49) .01c

Total ischemia time (min) 94 (69, 184) 138 (84, 721) 100 (72, 206) <.001c

Preoperative dialysis 612 (50.1) 201 (65.9) 813 (53.2) <.001d

Induction type <.001d

Anti-thymocyte globulin 585 (47.9) 188 (61.6) 773 (50.6)
Alemtuzumab 281 (23.0) 56 (18.4) 337 (22.1)
Basiliximab 356 (29.1) 61 (20.0) 417 (27.3)

aBMI ¼ body mass index; CHF ¼ congestive heart failure; COPD ¼ chronic obstructive pulmonary disease; CVA ¼ cerebrovascular
accident; ICU ¼ intensive care unit; ILD ¼ interstitial lung disease; MI ¼ myocardial ischemia; PVD ¼ peripheral vascular disease; Q1 ¼
quartile 1; Q3 ¼ quartile 3.
bData are presented as median (Q1, Q3) and as No. (percentage).
cWilcoxon rank-sum test.
dChi-square test.
eFisher exact test.
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1.99; 95% CI, 1.08-3.67), and COPD (OR,
1.89; 95% CI, 1.05-3.41); deceased donor
transplantation (OR, 2.54; 95% CI, 1.89-
3.41); prolonged WIT (OR, 1.57; 95% CI,
1.22-2.01); and need for pretransplant dialysis
(OR, 1.93; 95% CI, 1.48-2.50) were associated
with increased odds of ICU admission within
Mayo Clin Proc Inn Qual Out n September 2019
the first 30 days of transplant (P<.05 for all)
(Table 2). Induction with the T
celledepleting anti-thymocyte globulin,
compared with induction with the
interleukin-2 receptor antagonist basiliximab,
was also associated with increased odds
of ICU admission (OR, 1.88; 95% CI,
;3(3):285-293 n https://doi.org/10.1016/j.mayocpiqo.2019.06.008
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ICU ADMISSION AFTER KIDNEY TRANSPLANTATION
1.37-2.58; P<.01). Conversely, preemptive
transplantation (OR, 0.52; 95% CI, 0.40-
0.67; P<.001) and living donor kidney trans-
plantation (OR, 0.39; 95% CI, 0.29-0.53;
P<.001) were associated with lower odds of
ICU admission after kidney transplantation.

Multivariate Model for Factors Associated
With Early ICU Admission
In the minimally adjusted model, several var-
iables including recipient age; BMI; previous
TABLE 2. Associations Between Patient Characteristics
Adjusted, and Fully Adjusted Logistic Regression Models

Characteristic

U

Odds ra
(95% C

Recipient age (per 10 y) 1.13 (1.03

BMI (per 5 kg/m2) 1.11 (1.01

Any previous solid organ transplant 1.39 (1.02

History of MI 1.69 (1.07

History of CHF 2.11 (1.34

History of PVD 1.99 (1.08

History of COPD 1.89 (1.05

History of ILD 1.69 (0.80

History of connective tissue disease 1.47 (0.85

Donor age (per 10 y) 1.00 (0.91

Donor, deceased (reference ¼ living) 2.54 (1.89

Warm ischemia time (per 30 min) 1.57 (1.22

Pretransplant dialysis 1.93 (1.48

Alemtuzumab
(reference ¼ anti-thymocyte globulin)

0.62 (0.45

Basiliximab
(reference ¼ anti-thymocyte globulin)

0.53 (0.39

Total ischemia time (per 30 min) 1.02 (1.02

Recipient male (reference ¼ female) 0.94 (0.73

Retransplant 1.32 (0.96

History of CVA 1.43 (0.88

History of asthma 1.02 (0.60

Chronic pulmonary disease 1.39 (0.96

DM, no complications (reference ¼ no DM) 1.22 (0.87

DM w/ complications (reference ¼ no DM) 1.35 (0.97

History cirrhosis/mild liver disease 0.73 (0.40

Donor male (reference ¼ female) 1.17 (0.91

aBMI ¼ body mass index; CHF ¼ congestive heart failure; COPD ¼
ICU ¼ intensive care unit; ILD ¼ interstitial lung disease; MI ¼ myo
bOdds ratios and P values are adjusted only for the row covariate.
cOdds ratios and P values are additionally adjusted for variables signific
of PVD, history of COPD, donor deceased, warm ischemia time, pr
dOdds ratios and P values are additionally adjusted for variables with
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solid organ transplantation; history of MI,
CHF, PVD, COPD, and ILD; donor age;
deceased donor transplantation; WIT; pre-
transplant dialysis; and induction immuno-
suppression with either anti-thymocyte
globulin or alemtuzumab were all associated
with altered odds of ICU admission, with a
P value of less than 0.4. These were then cho-
sen for the final fully adjusted model
(Table 2). In the fully adjusted multivariate
model, advanced recipient age (OR per every
and Clinical Characteristics With ICU Admissions Using Unadjusted, Minimally
a

nadjustedb Minimally adjustedc Fully adjustedd

tio
I) P value

Odds ratio
(95% CI) P value

Odds ratio
(95% CI) P value

-1.24) .009 1.27 (1.13-1.43) <.001 1.26 (1.12-1.42) <.001

-1.22) .03 1.11 (1.00-1.22) .049 1.11 (1.00-1.22) .049

-1.89) .04 1.25 (0.89-1.75) .20 1.24 (0.88-1.75) .21

-2.67) .03 1.33 (0.80-2.19) .27 1.33 (0.80-2.20) .27

-3.34) .001 1.48 (0.90-2.41) .12 1.48 (0.90-2.43) .12

-3.67) .03 1.38 (0.71-2.70) .35 1.37 (0.70-2.69) .36

-3.41) .03 1.50 (0.80-2.81) .20 1.48 (0.79-2.77) .22

-3.58) .17 1.57 (0.71-3.44) .26 1.55 (0.71-3.41) .27

-2.56) .17 1.52 (0.85-2.71) .16 1.47 (0.82-2.64) .19

-1.10) .97 1.05 (0.95-1.17) .34 1.05 (0.94-1.17) .35

-3.41) <.001 1.89 (0.96-3.73) .07 1.82 (1.29-2.55) <.001

-2.01) <.001 1.28 (0.98-1.68) .07 1.28 (0.98-1.68) .07

-2.50) <.001 1.57 (1.18-2.07) .002 1.57 (1.19-2.08) .002

-0.86) .005 0.73 (0.51-1.03) .07 0.75 (0.52-1.06) .11

-0.73) <.001 0.38 (0.27-0.56) <.001 0.38 (0.26-0.55) <.001

-1.03) <.001 1.00 (0.98-1.02) .81

-1.21) .64 0.94 (0.72-1.23) .67

-1.81) .09 0.80 (0.41-1.53) .49

-2.31) .15 1.01 (0.60-1.73) .96

-1.71) .95 0.85 (0.49-1.48) .57

-2.02) .09 1.00 (0.61-1.64) 1.00

-1.70) .24 1.19 (0.83-1.70) .35

-1.88) .08 1.07 (0.74-1.54) .74

-1.30) .28 0.79 (0.43-1.44) .44

-1.50) .22 1.02 (0.781.33) .88

chronic obstructive pulmonary disease; CVA ¼ cerebrovascular accident; DM ¼ diabetes mellitus;
cardial ischemia; PVD ¼ peripheral vascular disease.

ant (P<.05) in unadjusted analyses (age, BMI, previous transplant, history of MI, history of CHF, history
etransplant dialysis, thymoglobulin, and total ischemia time).
P<.40 in the minimally adjusted models.

ps://doi.org/10.1016/j.mayocpiqo.2019.06.008 289

https://doi.org/10.1016/j.mayocpiqo.2019.06.008
http://www.mcpiqojournal.org


TABLE 3. Indications for ICU Admissiona

Indication n Percentage

Cardiac monitoring 170 55.7
Hypotension, asymptomatic 82
Cardiopulmonary
monitoring (high risk)

69

Tachycardia 13
Chest pain 2
Hypertension, asymptomatic 2
Delayed anesthesia recovery 1
ST changes in ECG 1

Cardiac causes 62 20.3
Rhythm disorder 41
NSTEMI or MI 18
Cardiogenic pulmonary edema 2
Cardiac arrest 1

Electrolyte and pH imbalance 28 9.2
Hyperkalemia 17
Acidosis 8
Hyponatremia 1
Hypocalcemia 1
Hypercalcemia 1

Blood pressure changes 21 6.9
Hypertension, symptomatic 16
Hypotension, symptomatic 5

Pulmonary 14 4.6

Neurological 4 1.3

Sepsis 1 0.3

Others 5 1.6

Total 305 100

aECG ¼ electrocardiography; MI ¼ acute myocardial infarc-
tion; NSTEMI ¼ noneST-segment elevation myocardial
infarction.
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10 years, 1.26; 95% CI, 1.12-1.42; P<.001),
higher BMI (OR per every 5 kg/m2, 1.11;
95% CI, 1.00-1.22; P¼.049), deceased donor
transplantation (OR, 1.82; 95% CI, 1.29-
2.55; P<.001), need for pretransplant dial-
ysis (OR, 1.57; 95% CI, 1.19-2.08;
P¼.002), induction immunosuppression
with anti-thymocyte globulin (OR, 2.63;
95% CI, 1.82-3.81; P<.001), or alemtuzu-
mab (OR, 1.97; 95% CI, 1.26-3.07;
P¼.003) were associated with increased
odds of ICU admission within the first 30
days. The association of medical history,
ischemia time, and previous solid organ
transplantation with ICU admission was lost
in this fully adjusted model. However, pre-
emptive transplantation (OR, 0.64; 95% CI,
0.48-0.84; P¼.002) and living donor kidney
transplantation (OR, 0.55; 95% CI, 0.39-
0.77; P<.001) continued to be associated
with lower odds of ICU admission.

Indications for ICU Admission
The indications for early ICU admission are
listed in Table 3. Most ICU admissions
(n¼170 [55.7%]) were for cardiac and/or vital
sign monitoring in patients who had relative
asymptomatic hypotension (systolic blood
pressure reduction >20% of baseline) or
who were at high risk because of comorbid-
ities. Cardiac causes were the next most com-
mon reason for ICU admission (n¼62
[20.3%]). Rhythm disorders were the most
common cardiac cause (n¼41), followed by
acute myocardial infarction (n¼18). Only 1
patient required ICU admission for the man-
agement of sepsis.

Thirty-Day Mortality
Overall, mortality within 30 days of transplant
surgery was low at 0.34% (n¼5). The charac-
teristics of 5 mortality cases are summarized in
Table 4. All deaths occurred in the ICU cohort
(1.64%).

DISCUSSION
Patients with ESRD are at a higher surgical and
anesthesia risk than patients with ASA physical
status class 1,6 and many require high acuity
care immediately after kidney transplantation.
To date, there have been no analyses of factors
predicting early ICU admission after kidney
transplantation in North America. The present
Mayo Clin Proc Inn Qual Out n September 2019
study provides insights into these factors. Our
results suggest that most kidney transplant re-
cipients do not require high acuity care in the
ICU after transplant surgery. The odds of ICU
admission increase with advanced age and
higher BMI of the recipient at the time of
transplant surgery. Similarly, patients who
are undergoing dialysis before kidney trans-
plantation and those who receive kidney allo-
grafts from deceased donors are more likely to
require ICU admissions within 30 days of
transplantation, whereas none of the comorbid
conditions used in the Charlson index20

appear to be associated with early ICU
admission.

In the present study, standardized institu-
tional criteria for ICU admission were used
during the entire length of the study period.
;3(3):285-293 n https://doi.org/10.1016/j.mayocpiqo.2019.06.008
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TABLE 4. Characteristics of Mortality Cases

Patient
no. Age (y) Sex

Pretransplant
dialysis

Donor
type

Charlson
index

BMI
(kg/m2)

ICU admission
indication

Cause
of death

1 60 M Y D 6 25.5 Cardiac arrest Cardiac arrest

2 62 M N L 8 26.8 NSTEMI Septic shock

3 61 M N L 7 27 Hyperkalemia Cardiac arrest

4 41 M N L 4 27 Acute cerebellar
bleed

Cerebellar bleed

5 35 M Y D 2 33.4 Hypertensive urgency Acute cardiopulmonary failure

BMI ¼ body mass index; D ¼ deceased; F ¼ female; ICU ¼ intensive care unit; L ¼ living; M ¼ male; N ¼ no; NSTEMI ¼ noneST-
segment elevation myocardial infarction; Y ¼ yes.

ICU ADMISSION AFTER KIDNEY TRANSPLANTATION
These criteria include (1) systolic blood pres-
sure less than 90 mm Hg in 2 consecutive
measurements that does not respond to fluid
resuscitation, (2) a posttransplant reduction
in systolic blood pressure of more than 20%
as compared with the pretransplant measure-
ment, and (3) new-onset cardiac arrhythmia
associated with hemodynamic instability. In
addition, 69 patients with a significant medical
history who had intraoperative hypotension
that was corrected by the end of operation
were admitted to the ICU after kidney trans-
plantation. With strict adherence to these
criteria, the ICU admission rate within the first
30 days of kidney transplantation was 20%.
Unlike earlier studies,9,12 we excluded patients
who underwent multiorgan transplantation;
therefore, we believe that this incidence re-
flects an accurate assessment of the risk profile
of contemporary kidney transplant recipients.

Selection of candidates for kidney trans-
plantation has evolved over the past 2 decades
because of both the changes in transplant
candidate demographic characteristics and
the liberalization of selection criteria.14-17 For
example, between 2007 and 2017, the per-
centage of patients on the waiting list older
than 50 years increased from 58.7% to
67.2%, with those older than 65 years ac-
counting for the most significant increase
(from 16.2% to 23.1%).18 Similarly, the ratio
of obese (BMI �30 kg/m2) patients waiting
for a kidney transplant increased from 10.1%
in 1995 to 34.5% in 2011.21,22 Assuming
that these 2 trends are unlikely to change in
the near future, our results suggest that a mi-
nority of transplant patients will continue to
require unplanned ICU admission and high
acuity care within the first month of
Mayo Clin Proc Inn Qual Out n September 2019;3(3):285-293 n htt
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transplantation. To define patients at risk in
more detail, we used the components of the
Charlson Comorbidity Index in our logistic
regression analyses. Although the effect of
medical comorbidities on patient survival,
rejection episodes, cardiovascular events, and
graft survival has been studied in the past,23-
25 to our knowledge, the present study is the
first one to assess their effect on the ICU
admission. Although a higher percentage of
patients in our ICU cohort had a history of
MI, CHF, PVD, or COPD, these factors were
not found to have a substantial effect on early
ICU admission in multivariate analysis, likely
because of the complete evaluation, careful se-
lection, and medical optimization of the trans-
plant candidates.

After controlling for confounding factors,
2 variables appeared to independently predict
lower odds of ICU admission: preemptive kid-
ney transplantation and living donor kidney
transplantation. Several large studies using
registry data over the past decade reported
that preemptive kidney transplantation is asso-
ciated with improved graft and patient survival
as compared with transplantation after the
initiation of dialysis.26-28 In fact, on the basis
of extensive literature review, the Descartes
Working Group and the European Renal
Best Practice Advisory Board released a posi-
tion statement to stimulate programs for pre-
emptive kidney transplantation with living
donor kidneys.29 Our present analysis
complements the growing body of knowledge
supporting the superiority of preemptive kid-
ney transplantation, by revealing another
important difference, this time in the early
posttransplant surgery outcome. We have pre-
viously found that non-preemptive kidney
ps://doi.org/10.1016/j.mayocpiqo.2019.06.008 291

https://doi.org/10.1016/j.mayocpiqo.2019.06.008
http://www.mcpiqojournal.org


MAYO CLINIC PROCEEDINGS: INNOVATIONS, QUALITY & OUTCOMES

292
transplantation resulted in a significantly
higher pretransplant health care resource utili-
zation and cost.30 Although the aim of the pre-
sent study was not to investigate the
posttransplant health care resource utilization
and cost, the results suggest that these are
higher in non-preemptive or deceased donor
kidney transplantation. Living donor kidney
transplantation remains the most cost-
effective option for patients with ESRD as
compared with dialysis and deceased donor
kidney transplantation.31

This study has several limitations
inherent to retrospective analyses and repre-
sents the outcomes of a single center. In addi-
tion, the center referral bias may have a role
in patient cohort selections. However, the
protocolized patient selection coupled with
standardized ICU admission criteria and
ICU management provides a homogeneous
cohort with reduced bias. Analyzing ICU
resource utilization and ICU outcomes was
not the aim of the present study. However,
preliminary data on these variables have pre-
viously been presented.32
CONCLUSION
In a contemporary cohort of kidney transplant
patients, we report that patients with advanced
age and higher BMI and those who are trans-
planted while undergoing dialysis or with a
deceased donor kidney are more likely to be
admitted to the ICU after transplantation. Pre-
emptive transplantation and living donor kid-
ney transplantation decrease the odds of early
ICU admission, whereas baseline comorbid-
ities do not have a substantial effect on post-
transplant early ICU admissions. In all, these
results suggest that early referral of patients
with ESRD for preemptive transplantation
and living donor kidney transplantation can
significantly reduce transplant-related early
ICU admissions.
Abbreviations and Acronyms: ASA = American Society of
Anesthesiologists; BMI = body mass index; CHF = conges-
tive heart failure; COPD = chronic obstructive pulmonary
disease; DM = diabetes mellitus; ESRD = end-stage renal
disease; ICU = intensive care unit; ILD = interstitial lung
disease; IQR = interquartile range; MI = myocardial ischemia;
OR = odds ratio; PVD = peripheral vascular disease; WIT =
warm ischemia time
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