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Abstract

Purpose Intravenous fluid management for deceased

donor kidney transplantation is an important, modifiable

risk factor for delayed graft function (DGF). The primary

objective of this study was to determine if goal-directed

fluid therapy using esophageal Doppler monitoring (EDM)

to optimize stroke volume (SV) would alter the amount of

fluid given.

Methods This randomized, proof-of-concept trial enrolled

50 deceased donor renal transplant recipients. Data

collected included patient characteristics, fluid

administration, hemodynamics, and complications. The

EDM was used to optimize SV in the EDM group. In the

control group, fluid management followed the current

standard of practice. The groups were compared for the

primary outcome of total intraoperative fluid administered.

Results There was no difference in the mean (standard

deviation) volume of intraoperative fluid administered to

the 24 control and 26 EDM patients [2,307 (750) mL vs

2,675 (842) mL, respectively; mean difference, 368 mL;

95% confidence interval (CI), - 87 to ? 823; P = 0.11].

The incidence of complications in the control and EDM

groups was similar (15/24 vs 17/26, respectively;

P = 0.99), as was the incidence of delayed graft failure

(8/24 vs 11/26, respectively; P = 0.36).

Conclusions Goal-directed fluid therapy did not alter the

volume of fluid administered or the incidence of

complications. This proof-of-concept trial provides

needed data for conducting a larger trial to determine

the influence of fluid therapy on the incidence in DGF in

deceased donor kidney transplantation.

Trial registration www.clinicaltrials.gov (NCT02512731).

Registered 31 July 2015.

Résumé

Objectif La gestion des liquides intraveineux pour la

transplantation de rein de donneur décédé est un facteur de

risque modifiable important du retard de fonctionnement

du greffon (DGF). L’objectif principal de cette étude était

de déterminer si un traitement liquidien utilisant un

monitorage par Doppler transœsophagien (EDM) pour

optimiser le volume d’éjection cardiaque modifierait la

quantité de liquides administrée.

Méthodes Cette étude randomisée de preuve de concept a

inclus 50 patients receveurs de greffe de rein provenant de

donneurs décédés. Les données collectées ont inclus les

caractéristiques démographiques des patients,

l’administration de liquides, les données

hémodynamiques et les complications. L’EDM a été

utilisé pour optimiser le volume d’éjection dans le
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groupe EDM. Dans le groupe contrôle, la gestion des

liquides a suivi les normes de pratique actuelles. Le critère

d’évaluation principal qui était la quantité totale de liquide

administrée en peropératoire a été comparé entre les

groupes.

Résultats Il n’y a pas eu de différence de volume moyen

(écart-type) de liquide administré en cours d’intervention

entre les 24 témoins et les 26 patients du groupe EDM

(respectivement 2 307 [750] mL contre 2 675 [842] mL;

différence des moyennes, 368 mL; intervalle de confiance

[IC] à 95 % : - 87 à ? 823; P = 0,11). L’incidence des

complications a été similaire dans le groupe contrôle et

dans le groupe EDM (respectivement, 15/24 contre 17/26;

P = 0,99), tout comme l’incidence des échecs tardifs des

greffes (respectivement, 8/24 contre 11/26; P = 0,36).

Conclusions Le traitement avec gestion des liquides axé

basé sur l’optimisation du volume d’éjection n’a pas

modifié le volume de liquides administrés ou l’incidence

des complications. Cette étude de preuve de concept

procure les données nécessaires à la réalisation d’une plus

grande étude visant à déterminer l’influence du traitement

liquidien sur l’incidence du DGF après transplantation

rénale de donneur décédé.

Enregistrement de l’essai clinique www.clinicaltrials.

gov (NCT02512731). Enregistré le 31 juillet 2015.

Delayed graft function (DGF), defined as the need for

dialysis within the first week after kidney transplantation, is

associated with an increase in morbidity, mortality, and

reduced graft survival.1-3 Delayed graft function occurs in

30-50% of kidney transplants from deceased donors and its

incidence may be increasing as the use of extended criteria

and alternate source donor organs increases (e.g., death

after controlled and uncontrolled circulatory death

donors).4-6 Importantly, donor perioperative and recipient

variables have been associated with DGF4,5 and some of

these putative risk factors are within the control of the

anesthesiologist. To improve early graft function, it is

incumbent upon us to identify and improve modifiable risk

factors for DGF.

A comprehensive effort to develop an evidenced-based

pathway for the management of kidney transplant

recipients must include intraoperative fluid therapy.

Evidence supporting the importance of fluid management

in kidney transplant surgery found optimized cardiac

preload7 and increasing albumin use8-10 improved early

graft function. These initial reports found a dramatic

reduction in DGF (from 34% to 9%), but it is difficult to

draw reliable conclusions from these poorly risk-adjusted

retrospective investigations. Despite a lack of convincing

evidence, hemodynamic goals such as a central venous

pressure (CVP) [ 8 mmHg and a mean arterial pressure

(MAP) within 20% of baseline MAP are commonly

utilized to guide perioperative fluid administration for

kidney transplantation.11 Nonetheless, clinical evidence in

other surgical settings suggests that the CVP is unreliable

as both a marker for the need for fluid administration and a

proxy of fluid responsiveness.12 Similarly, the use of MAP

may be flawed if the treatment of hypotension relies solely

on cardiac preload, ignoring other causes of hypotension

such as vasodilation or a reduction in cardiac contractility.

The administration of fluid without hemodynamic

improvement is likely only to increase the risk of

complications associated with the excess fluid (e.g., via

increasing interstitial tissue edema). The importance of

optimizing perioperative fluid therapy and cardiac output is

supported by the association of factors such as

hypotension, reduced cardiac filling pressures,13,14

pulmonary pressure,15 and preoperative dialysis with

significant weight loss with higher incidence of DGF and

graft failures.16

The main hypothesis of this proof-of-concept trial was

that fluid management based on hemodynamic

management would change the amount of fluid

administered to kidney transplant recipients. Improved

fluid management may in turn improve graft function, but a

much larger trial would be required to confirm this

hypothesis. Therefore, a secondary objective of this trial

was to understand the feasibility of conducting a larger trial

in the future.

Methods

This is a single-centre, randomized, proof-of-concept trial

comparing the amount of intravenous fluid administered

during surgery between an intervention using esophageal

Doppler monitoring (EDM group) vs controls. The trial

was approved (approval number FYI 11-0055-A; 1 August

2011) by the University Health Network research ethics

board (REB) and was registered on Clinicaltrials.gov

(NCT02512731). No departures from the REB protocol

were submitted, but the method for obtaining informed

consent was modified to include a mailed letter of

introduction to the study protocol to patients awaiting

kidney transplantation. This modification allowed us to

inform a potential study participant of the study prior to

their surgical date as stipulated by the REB. Without this

modification, we were unable to consent any patients prior

to their date of transplant between August 2011 and July

2013. The patients assessed during this period were not

included in the screened patient population considered for

the study.
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Patient population

We assessed the study eligibility of all adult patients

awaiting kidney transplantation from a deceased donor at

the Toronto General Hospital from 1 June 2013 to 23 July

2015. Patients on the transplant waiting list were contacted

by mail and a general description of the study protocol

included with the letter of introduction. Contact

information was included in the communication and the

perioperative research team was available to answer

questions. Patients were asked to sign informed consent

only after they indicated they had received and understood

our mailing. Patients were also enrolled in the preoperative

clinics, but the consent was re-obtained if the original

signature was obtained more than 1 month prior to surgery.

Patients were included if they were C 18 yr of age and

listed for deceased-donor kidney transplantation. Exclusion

criteria included prior esophageal disease (including

cancer, esophageal stricture, varices or diverticulum, or

prior esophageal surgery), upper airway surgery, aortic

coarctation, significant valvular heart disease (i.e., limiting

functional capacity), clinically significant cardiac

arrhythmias (i.e., atrial fibrillation), and the need for

multi-organ transplantation (e.g., kidney-pancreas).

Randomization, allocation, and blinding

Computer-generated sequences in blocks of eight were

used for randomization and group allocation envelopes

were prepared before the start of the patient enrolment by a

research assistant. These sealed, opaque envelopes were

sequentially numbered and brought to the operating room

for consented patients. Envelopes were opened in the

operating room after induction of anesthesia by the

anesthesiologist responsible for intraoperative care, thus

assigning patients to either the control or EDM-guided

groups. The attending anesthesiologist was not given

access to the stroke volume (SV) measurements in the

control group. Surgical and nephrology teams were blinded

to the patients’ assignment as were the anesthesiologists

involved in postoperative care (e.g., attending in the

postanesthesia care unit [PACU] or the acute pain

service). Outcome data were adjudicated by the senior

author (S.A.M.) who was blinded to group allocation and

patient identifiers.

Data collection

Baseline data were collected on each patient including

demographics (i.e., age, gender, height, weight, and

ethnicity), etiology of end-stage renal disease, duration of

end-stage renal disease, duration and type of renal

replacement therapy, type and date of last dialysis prior

to surgery, and co-morbidities (including previous

transplants). The intraoperative data included

hemodynamic data and intraoperative complications.

Postoperatively, data were collected on serum creatinine

on postoperative day (POD) 1, 3, and 7 and/or discharge

(whichever came first) and Clavien-Dindo grade C II

complications (i.e., respiratory—prolonged postoperative

ventilation or reintubation; cardiovascular—new onset

arrhythmia, myocardial infarction, pulmonary embolism,

cardiogenic pulmonary edema, cardiac arrest; neurologic—

delirium or stroke; infectious—surgical site infection,

pneumonia, urinary tract infections; early reoperation,

hemorrhage, length of hospital stay, and DGF).17 Donor

(and graft) data collected included donor age, sex,

creatinine level immediately prior to donation, cold and

warm ischemic time, as well as preservation solution and

type (static storage or hypothermic machine perfusion).

Anesthetic technique

On arrival to the operating room, routine non-invasive

monitors (electrocardiography, noninvasive blood pressure,

heart rate pulse oximetry [blood oxygen saturation; SpO2]),

and invasive arterial blood pressure monitoring were

applied.18 Anesthetic management was at the discretion

of the attending anesthesiologist. Mechanical ventilation

was commenced with a tidal volume of 6-8 mL�kg-1 of air/

oxygen mixture. Positive end expiratory pressure was

applied if clinically indicated. Respiratory rate and the

fraction of inspired oxygen were set to keep end-tidal

carbon dioxide in the range of 35-45 mmHg and the SpO2

[ 95%. Normothermia (36-37�C nasal or oropharyngeal)

was maintained with forced air warming blankets and a

fluid warmer. After induction of general anesthesia, a CVP

catheter was placed in an internal jugular vein.

All study patients had an EDM probe (CardioQ, Deltex,

Provincial Medical Supplies Ltd, Georgetown, ON,

Canada) placed after induction of anesthesia. The tip of

the probe was positioned 35-40 cm from the teeth and

adjusted until the highest Doppler velocity signal was

recorded.

All patients received 20% mannitol (0.5-0.75 mg�kg-1)

immediately prior to removal of the recipient vascular

cross-clamp. No restriction of the use of inotropes was

made providing fluid optimization was conducted first. The

volume of intraoperative fluid included crystalloid and

colloid (albumin 5%). The EDM probe was removed at the

end of the intraoperative period.

Patients were extubated in the operating room or in the

PACU according to the clinical judgment of the attending

anesthesiologist. All patients were transferred to the PACU

after surgery and received the usual standard of care.

Postoperative fluid management for both groups relied on
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the information available for all patients undergoing renal

transplantation (i.e., fluid balance and hemodynamic

measurements available routinely). This management was

shared between the transplant nephrologist and the

attending anesthesiologist in the PACU.

In general, fluid management during kidney

transplantation was left to the discretion of the attending

anesthesiologist. According to the current practice,

suggested hemodynamic target values were a CVP B 12-

15 mmHg and a systolic blood pressure [ 100 mmHg.

Amount, type, and timing of administered fluids were left

to the discretion of the attending anesthesiologist.

Fluid management in the EDM group

Following optimization of the EDM signal, fluid

administration was managed according to an algorithm

immediately after induction of anesthesia and prior to skin

incision (Fig. 1). Briefly, after establishing baseline

hemodynamic values, a 500-mL aliquot of crystalloid

was administered over two to five minutes and this was

referred to as a volume-loading step (VLS). The patient

was considered a fluid responder if the SV increased by

10% or more during or after a VLS. The provider was

instructed to avoid any changes in management that might

otherwise affect SV (e.g., narcotic administration) during a

VLS. The VLS was repeated until the increase in SV was

\ 10%. This was considered as the optimized SV.

Additional fluid boluses were given whenever SV

decreased by 25% for more than one minute from the

optimized SV in order to reach the optimized SV ± 25%.

There was no maximum number of VLSs permitted, but the

attending anesthesiologist was asked to use clinical

judgment with each step. A continuous infusion of 0.5

mL�kg-1�hr-1 of crystalloid solution was run throughout

the case. The choice of crystalloid solution was at the

discretion of the attending anesthesiologist.

In addition to the above fluid management strategies,

patients in both groups received a focused transthoracic

echocardiogram (FTE). An anesthesiologist not involved

with the care of the patient, and blinded to the patient’s

allocation, conducted a FTE in the preoperative holding

area prior to transplantation to assess the baseline left and

right ventricular function, presence of a pericardial

effusion, and baseline intravascular volume status

(change in inferior vena cava [IVC] diameter with

respiration) and cardiac function. An FTE was repeated

in the PACU and on the first or second POD. All FTE

examinations were conducted by a certified focused

ultrasonographer. Results of this assessment with regard

to cardiac function were communicated to the attending

anesthesiologist if they differed in any substantial way

from the preoperative assessment.

Fluid management in the control group

The EDM was placed and the signal optimized after the

central line had been placed and the patient was prepared

for surgery. The EDM measurements were continuously

recorded and downloaded to a laptop computer after each

case, but were not available to the perioperative team. The

EDM was covered with an opaque screen, which allowed

the research staff to record SV values every 30 min to

ensure the correct positioning of the esophageal probe. If

the Doppler signal was not adequate, it was optimized by

the research staff, but kept hidden from the clinical team.

Outcomes

The primary outcome was the volume of crystalloid

solution administered intraoperatively as recorded from

the anesthesia chart and verified by the research assistant.

The secondary outcomes included: intraoperative SV; the

cardiac index (CI) (CI = heart rate 9 SV index): the

volume of fluid administered in the first 12 hr after surgery;

the incidence of DGF (defined as the need for dialysis

within the first week of transplantation); plasma creatinine

concentration at the end of surgery and on POD 1, 3, 7, and

at discharge; the incidence of intra- and postoperative

complications.

In addition to the above, this study was conducted to

determine if we could feasibly recruit sufficient numbers of

patient to test the hypothesis that intraoperative fluid

management could alter the incidence of DGF following

cadaveric kidney transplantation. To this end, the rate of

recruitment was recorded and reported.

NO

NO

YES

Fig. 1 Esophageal Doppler monitoring-based fluid management

algorithm
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Statistical analysis

Our sample size estimate was based on data collected

retrospectively from charts of patients (n = 328) who

underwent deceased donor kidney transplantation at

Toronto General Hospital between January 2000 and

June 2007 where the mean (standard deviation [SD])

intraoperative fluid administered was 2,256 (1,095) mL.

Using a desired power of 80% and an alpha of 0.05, a

sample size of 23 patients in each group would be needed

to detect an 800 mL (36%) change in volume of fluid

administered intraoperatively between the EDM

intervention and control groups. Two patients were added

to each group to account for possible patient drop out. No

interim analysis was planned and no anticipated stopping

guidelines were implemented.

Continuous variables are presented as mean (SD) and

median [interquartile range (IQR)]. Categorical variables

are reported as percentage. Normal distribution was

assessed using a skewness/kurtosis test for normality if

the sample was greater than six units; if not, a Shapiro-

Wilk test was used. Comparison between categorical

variables was performed by the Fisher’s exact test. For

continuous variables, including the primary endpoint, a

Student t-test was used for the normally distributed

variables, and a Wilcoxon rank sum test was used for

non-parametric variables.

An analysis of variance for repeated measures was used

to compare the creatinine values after surgery. We

considered the group as the between-subject effect and

the subject nested in the group its error term. The within-

subject factor was time with its error term being the

residual error for the model.

Differences in CI over time between EDM and the

control group were evaluated by a repeated measures

mixed model because of the differences in length of

surgery and therefore differences in the number of

observations of CI over time were clustered at patient

level. The level of significance was set at P \ 0.05.

Statistical analysis was done with the Intercooled Stata

12.0 statistical package (StataCorp, College Station, TX,

USA).

Results

On 10 April 2013 letters of introduction were sent out to

patients on the kidney transplant wait list. Three hundred

thirty-two (55%) patients responded to the letter and were

thereby considered screened for the trial (Fig. 2). Of the

332 patients screened, 172 (52%) agreed to participate and

160 (48%) refused. Of the 172 patients that agreed to

participate in the study, 50 (29%) were randomized and the

remainder did not come to transplant during the

recruitment period. The first patient consented and

randomization into the study took place on 15 July 2013.

One patient from the interventional group did not receive

the EDM, but was analyzed as per intention to treat.

Of the patients recruited and randomized, there were no

observable differences between the two groups in their

preoperative variables (Table 1). As for the primary

endpoint, there was no significant difference in the mean

(SD) volume of crystalloid administered in the operating

room between the control and EDM groups [2,675 (841)

mL vs 2,307 (750) mL, respectively; mean difference, 368

mL; 95% confidence interval, - 87 to ? 823; P = 0.11]

(Table 2). No deviations from the fluid algorithm were

reported by the clinicians. Nonetheless, while there was no

statistical separation between the two groups, the volume

of fluid administered in the EDM group was numerically

lower (Fig. 3). This was true no matter how we expressed

the volume of fluid administered—i.e., in mL or in

mL�kg-1 (which normalize the data for differences in

patient weight).

There was no difference in the surgical variables (i.e.,

warm and cold ischemia time and length of surgery)

(Table 3). Despite the similar amount of fluid given to the

two groups, the CI in the EDM group was consistently

higher than the CI in the control group (Fig. 4).

Nonetheless, when considered as a whole, and regardless

of differences in length of surgery, we did not find a

statistically significant separation of the mean CI between

the two groups at any time point (coefficient of variability,

1.95; 95% confidence interval, -6.41 to 6.17; P = 0.65).

The hospital length of stay and number of complications

were the same in both groups (Table 3). The one exception

was the number of the cardiovascular events, which were

more frequent in the EDM group (Table 3). There appeared

to be a more rapid decrease in the creatinine after

transplantation in the EDM group (Fig. 5). Nonetheless,

the reduction in serum creatinine was not statistically

different in the EDM group at any time point after

transplantation, [f(1,48) = 0.75; P = 0.39] or treatment by

time [f (5,5) = 0.69, P = 0.63].

Complete FTE studies were available on 31, 33, and 22

subjects preoperatively, immediately postoperatively, and

POD 1 or 2, respectively (Table 4). There were no

significant differences between the two groups and the

incidence of fluid responsiveness as determined by[50%

variability in the IVC diameter (Table 4). Notably, four of

19 patients in the EDM group had significantly impaired

left (n = 4) and/or right ventricular function (n = 1) while

cardiac function was within normal limits in all patients in

the control group (Table 4).
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Patients sent letter of study introduction 
(n=595) 

Responding to letter of study introduction 
(n=332) 

Patients agreeing to participate 
(n=172) 

Randomized to Control Group 
(n=24) 

Randomized to EDM Group 
(n=26) 

1 Patient did not have EDM 

Refused to participate 
(n=160) 

Fig. 2 CONSORT diagram

showing screening, recruitment,

and randomization of patients

following initiation of patient

information mailing

Table 1 Patient demographics and baseline characteristic

Variable Control (n = 24) EDM (n = 26)

Age (yr) 51.7 (16.1) 58.9 (9.5)

BMI (kg�m-2) 28.1 (6.1) 27.9 (8.1)

Years of renal failure 7.7 (7.1) 6.6 (4.4)

Gender (F) 12 (50%) 6 (23%)

First kidney transplant 22 (92%) 26 (100%)

Double kidney 0 (0%) 1 (4%)

Time from last dialysis (hr) 20.0 (19.9) 24.2 (21.1)

Hypertension 3 (13%) 4 (15%)

Etiology of ESRD

Polycystic kidney disease 6 (25%) 4 (15%)

Primary glomerulonephritis 1 (4%) 2 (8%)

Diabetes 6 (25%) 10 (39%)

Other 8 (33%) 6 (23%)

Comorbidities and laboratory results

Diabetes 10 (42%) 12 (46%)

Hypertension 19 (79%) 21 (81%)

Coronary artery disease 7 (29%) 6 (23%)

Peripheral vascular disease 1 (4%) 4 (15%)

ASA III 3 (13%) 6 (23%)

ASA IV 21 (88%) 20 (17%)

Hemoglobin (g�L-1) 119 (14) 115 (16)

Platelet (9109�L-1) 236 (75) 192 (69)

Creatinine (lmol�L-1) 739 (356) 756 (319)

Sodium (mmol�L-1) 138 (3) 136 (4.2)

Potassium (mmol�L-1) 4.4 (0.7) 4.6 (0.8)

Chloride (mmol�L-1) 99.8 (3.9) 100 (11)

ASA = American Society of Anesthesiologists; BMI = body mass index; ESRD = end-stage renal disease. Continuous variables expressed as

mean (standard deviation) and categorical variables expressed as number (percentage of population)
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Discussion

The study was powered to determine if the use of the EDM

to guide fluid therapy would change therapy or the amount

of fluid administered in the operating room by 36% and this

hypothesis was rejected. There are many explanations for

this, but the central one may be the fluid algorithm itself.

Following fluid optimization, our algorithm allowed the SV

to fluctuate to a value 25% lower than the optimized SV

before fluid administration was considered. In contrast, the

majority of goal-directed fluid algorithms maintain the SV

within 10% of the optimized value, which has been found

to increase the amount of fluid administered and in some

cases has led to fluid overload and poor recovery.19-21 A

25% reduction in SV is equivalent to the change in SV seen

when a subject changes position from a recumbent to a 308

head-up position.22 Setting the indication for fluid therapy

at a more forgiving cut-off or goal after fluid optimization

should minimize the risk of fluid overload. It should also be

mentioned that the coefficient of variability in the

measurement of SV by the EDM is [ 10% and therefore

using a criterion for transfusing additional fluid of a 25%

change in the SV adds an additional safety measure by

staying within the limits of detection of the EDM.23 A

patient population with end-stage renal failure might be

more susceptible to the fluid overload and therefore a

conservation fluid therapy is appropriate.

While we found no significant separation of the mean

volume of fluid administered in the two groups, there

appeared be differences in the distribution of the fluid

volume administered as depicted in Fig. 3. The control

group had a greater range of fluid volumes than the EDM

group. Nonetheless, our study was not powered to compare

groups with this methodology, and this potential treatment

effect must be interpreted cautiously and requires further

confirmation in a larger trial.

Other reasons for not finding an increase in fluid

administration in the EDM group include a potential

Hawthorne effect, a process where investigators change

practice based on exposure to the treatment protocol. In our

case, clinicians may have learned that more fluid is a safe

approach even in the control group. Finally, the targeted

change in fluid administration of 36% or approximately

800 mL based on a historic kidney transplant cohort from

our center used in the original sample size calculation may

have been unrealistic.

It should be clearly stated that we were not able to show

a difference in the amount of fluid administered to our

patient population. Nonetheless, the importance of goal-

directed fluid therapy should not be dismissed as its

beneficial effects have been seen in other similar trials. In

the systematic meta-analysis by Corcoran et al., patients

Table 2 Fluid therapy for control and EDM group

Variable Control group (n = 24) EDM group (n = 26) P

Intraoperative fluids, mL (number of patients)

Normal saline 824 (726) (n = 19) 1,032 (1,124) (n = 24) 0.44

Ringer’s lactate 354 (683) (n = 6) 308 (735) (n = 5) 0.82

Plasmalyte 1,129 (928) (n = 17) 1,334 (1,038) (n = 20) 0.47

Human albumin 5% 42 (204) (n = 1) 58 (215) (n = 2) 0.62

Total fluids

Operating room 2,307 (750) 2,675 (842) 0.11

PACU 924 (580) 924 (890) 0.51

POD 0 3,628 (1,841) 4,041 (1,776) 0.43

POD 1 3,821 (1,992) 3,895 (1,988) 0.90

EDM = esophageal Doppler monitor; PACU = postanesthesia care unit; POD = postoperative day

Fig. 3 Intraoperative fluid volume is expressed as the Guassian

kernel function of intraoperative fluid volume expressed as mL�kg-1.

The control is represented by the solid line and the esophageal

Doppler monitoring group as the black-dashed line
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undergoing a major abdominal surgical procedure had

improved outcomes—i.e., shorter length of hospital stay,

time to recovery of bowel function, and fewer infectious

complications24—if they were managed with a goal-

directed strategy rather than a ‘‘liberal’’ standard fluid

strategy. Similar amounts of fluid were administered to

both groups and therefore the benefit of giving fluid to only

fluid-responsive patients may be more important than the

volume of fluid administered. In may be that at our

institution the control group is managed more or less

liberally than at other centres and therefore a multi-

centered trial is required to find the benefits goal directed

fluid therapy in the renal transplant patient or even

differences in fluid therapy itself.

Table 3 Surgical variables and postoperative outcomes

Variable Control group (n = 24) EDM group (n = 26) P

Surgical variables

Length of surgery (min) 229 (76) 234 (44) 0.46

Warm ischemia time 34 (10) 30 (7) 0.14

Cold ischemia time 650 (255) 560 (250) 0.25

Postoperative outcomes

Length of hospital stay 14.1 (9.0) 14.3 (13.3) 0.42

Overall complications 15 (63%) 17 (65%) 1.0

Delayed graft function 8 (33%) 11 (42%) 0.57

Cardiovascular events 1 (4%) 8 (31%) 0.02

Respiratory 1 (4%) 2 (8%) 1.0

Neurologic 3 (13%) 2 (8%) 0.66

Infectious 4 (17%) 6 (23%) 0.73

Creatinine (lmol�L-1)

PACU 659 (317) 612 (295) 0.47

POD 1 541 (251) 445 (220) 0.15

POD 3 361 (254) 279 (253) 0.20

POD 7 286 (296) 242 (267) 0.44

Discharge 160 (113) 165 (141) 0.98

EDM = esophageal Doppler monitor; PACU = postanesthesia care unit; POD = postoperative day. Continuous variables expressed as mean

(standard deviation) and categorical variables expressed as number (percentage of population)
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Our study was underpowered to look at secondary

outcomes such as creatinine elimination or hemodynamic

changes and no differences were found between the groups

(Figs. 4 and 5). These measurements should be

reconsidered in a future trial. Lower creatinine in the

immediate postoperative period has been considered a

better predictor of long-term graft function than the need

for dialysis in the first week after transplantation.25,26 The

impact of reducing DGF and improving graft function has

an impact that persists for many years beyond post-

transplantation.2,3 When the definition of DGF is

considered as a \ 10% reduction in serum creatinine for

the first three days after transplantation, we found a

significant difference between the groups (25 vs 15%;

P = 0.049, control vs EDM group, respectively). This post

hoc analysis is only marginally significant and should be

considered cautiously. Nonetheless, this finding serves to

underscore the possible benefit of goal-directed fluid

therapy in renal transplantation even if management has

not changed significantly as measured by total fluid

administered in the operating room.

This proof-of-concept trial was not powered to look at

differences in DGF or complications, but the increase in

cardiovascular complications seen in the EDM group does

raise concern. Even though the statistical difference may be

an error due to multiple testing (i.e., a type II error), we

would be hesitant to change the fluid algorithm to more

aggressively optimize the SV. Clearly this will be an

important concern for a larger trial. In addition, the

definition of cardiovascular event was very broad for this

proof-of-concept trial and the cardiovascular events found

in this study included pulmonary embolism, atrial

dysthymias, cardiac arrest, and any rise in troponin when

troponin was measured. It will be important to specify the

cardiac event (e.g., myocardial infarction) and routinely

measure serial troponin in a larger trial.

A final limitation to this study is the familiarity of

clinicians with EDM. Unlike some practice settings, EDM

is not routinely used in our hospital and therefore clinicians

may not have been able to use it effectively or at least

Fig. 5 Serum creatinine (lmol�L-1) following deceased-donor

kidney transplantation. Control esophageal Doppler monitoring

(EDM) group. BL = baseline; PACU = postanesthesia care unit;

POD = postoperative day. D/C = discharge

Table 4 Focus transthoracic echocardiogram parameters

Preoperative (n = 31) PACU (n = 33) POD 2 (n = 22)

Control EDM P Control EDM P Control EDM P

LV-volume

Normal 9 12 0.77 10 9 0.60 9 11 1

Underfilled 5 5 6 8 1 1

LV function

Good 15 15 0.24 16 17 1 12 10 0.48

Reduced 0 4 0 1 0 1

RV function

Normal 16 18 1 16 16 1 12 12 1

Reduced 0 1 0 1 0 0

Pericardial effusion

Yes 10 13 0.72 12 16 0.39 9 10 1

No 6 5 4 2 3 2

IVC respiratory variation

[ 50% 2 3 0.45 4 3 1 1 4 0.39

\ 50% 11 13 11 11 9 8

EDM = esophageal Doppler monitor, IVC = inferior vena cava; LV = left ventricle; PACU = postanesthesia care unit; POD = postoperative

day; RV = right ventricle. Categorical variables are reported as numbers and a Fischer’s exact test was used to compare groups
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understand its strengths and weaknesses. We instructed

clinicians to use their clinical judgement to override the

device and the fluid algorithm, but no overrides were

reported. Therefore, either the fluid algorithm was

mimicking local practice or clinicians were not reporting

overrides of the protocol. In either case, fluid therapy in

both groups would be similar. Nonetheless, the study

coordinator was available for each case and should have

observed protocol deviations if they occurred so we might

conclude that the EDM group and control group (i.e., local

clinical practice) had similar goals for fluid therapy.

The systematic use of FTE assessment in the

perioperative period for renal transplant patients has the

potential to add a great deal of information for fluid

management and patient care perioperatively. We did not

find any significant difference between the groups, and a

basic FTE does not appear to be sufficiently sensitive to be

included into routine clinical care for kidney transplant

recipients (Table 4). Nonetheless, the observed impaired

cardiac function in four patients in the EDM group

suggests that FTE may help guide patient management in

the postoperative period.

To show the effectiveness of goal-directed therapy to

reduce the incidence or DGF by 25% (i.e., an absolute risk

reduction from 33% to 25%), a trial would require more

than 500 patients in each group; clearly a multi-centred

trial would be required. At our centre, we conduct nearly

200 deceased donor kidney transplants per year and of

those we would anticipate enrolling a minimum 50 patients

per year. To optimize patient recruitment, we would need

to focus on patient awareness and attention. By including

another 10-12 similar-sized centres, it would be reasonable

to assume the completion of a sufficiently powered study to

test the hypothesis that goal-directed fluid management

might improve a major outcome in kidney transplantation

in two years.

Future studies in renal transplantation should also

extend into the postoperative period. The use of the

EDM would need to be reconsidered unless it can be

appropriately paired with a cardiac output monitor that can

remain with the patient for the early recovery period. This

would also require the support of the attending

nephrologist, but there is evidence that protocol-driven

fluid therapy is better than protocol-based therapy for

postoperative outcomes.27

Conclusions

Nearly one third of patients experience DGF following

deceased donor renal transplantation and this can have a

major impact on graft and patient survival.3 We have

developed an effective strategy to recruit deceased-donor

kidney transplant recipients to clinical trials examining

patient care and in particular fluid therapy. Enhanced

recovery programs are believed to improve patient

recovery through the application of best evidence to

perioperative care, the standardization of management,

and improved communication among services (i.e.,

medicine, surgery, and anesthesia).14 The same should be

true for kidney transplantation, and by conducting a trial of

goal-directed fluid therapy in this population, a central

component of any enhanced recovery program, in a large

randomized-controlled trial, we will be able to determine

the benefits of fluid therapy and allow for the

standardization of perioperative care. This proof-of-

concept trial has given us the data needed to develop

such a trial and the benefactor will be our kidney transplant

population and healthcare system.
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