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Abstract

Purpose: Intra-operative insults may subject living kidney transplants to poor outcomes. Therefore, we
investigated whether intra-operative recipient and donor hemodynamics could act as predictors of delayed
graft function and subsequent outcomes.

Materials and Methods: Living kidney donors and recipients from 2010-2016 at this institution underwent a
retrospective chart review. Graft function by post-operative day 7 was used to classify recipients as delayed
graft function (need for dialysis), slow graft function (creatinine > 2.5) and good function. Groups were
analyzed for intra-operative hemodynamic differences and at one year, incidence of rejection, graft function
and survival were compared.

Results: A total of 111 living renal transplants were performed. Average recipient age was 50 and just over
half were male (53%). 9% (n=10) and 10% (n=11) developed delayed graft function and slow graft function,
respectively. Minimum recipient post re-perfusion central venous pressure =12 mmHg was associated with
poor graft function (delayed graft function/slow graft function/good function=67%/56%/24%, p=0.009), while
intra-operative hypotension (systolic <90 mmHg or diastolic <50 mmHg) was not. Delayed graft function and
slow graft function had higher incidences of rejection than good function (30% and 36% vs 9%, p=0.012).
Graft function and survival were similar. One patient died with a functioning graft.

Conclusions: This single center retrospective study suggests that a post re-perfusion central venous pressure
212 mmHg is associated with delayed graft function.
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Introduction

Living donors are the preferred source of
kidneys for transplant as they offer better quality of life,
graft- and patient survival * Despite these superior
results, allografts from living donors may still be subject
to peri-operative insults, which may lead to both poor
short and long-term outcomes. Delayed graft function
(DGF) is a well-known entity with many definitions, but
a common end state: poor initial graft function with
subsequent higher rates of acute rejection, graft loss,
patient death and chronic allograft nephropathy
(CAN) . DGF may occur in the allograft from a living
donor, although its incidence is lower than in deceased
donor transplants ®®. The pathophysiology of DGF
remains unclear, and probably has an admixture of
elements of ischemia-reperfusion injury and the host
immune response leading to acute kidney injury °. Risk
factors for DGF can stem from both donor and recipient
characteristics, as well as immunologic risks %,
Intra-operative hemodynamic variables are not as well
studied. Prior research has focused on central venous
pressure (CVP) and arterial blood pressure mostly in the
recipient of a deceased donor renal transplant. There
are varying opinions on optimal CVP during renal
transplant. Most have recommended a CVP in the higher
range of 10-15 mmHg '3, However, other studies
have shown either a lack of effect or a lower CVP to be
acceptable *'7. Additionally, systolic blood pressure
(SBP) should probably be maintained above 120 mmHg,
while mean arterial pressures (MAP) should be above 90
mmHg 1819 We were specifically interested in
investigating the influence of donor and recipient
intra-operative hemodynamic variables in a living kidney
transplant on the incidence of DGF.

Methods

Data collection and analysis for this single
center retrospective study was approved by the Scripps
Health Institutional Review Board. Subjects included all
recipients of a living donor transplant and their
respective donors from February 2010 - July 2016. The
only inclusion criteria were a living kidney transplant,
and age >18 vyears. Living donors and recipients
underwent an extensive pre-operative workup by the
transplant team to determine eligibility prior to
proceeding with donation and transplantation. The
majority of recipients received a cardiac evaluation and
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clearance in some manner. A significant proportion of
recipients received a chemical or exercise stress test in
lieu of a 2D echocardiogram. Thus, comparing resting
mean pulmonary artery pressures amongst groups was
not able to be performed. Donors receive a
pre-operative CT scan to identify any vascular or
ureteral anatomy that would preclude a technically
sound reconstruction or transplantation and if identified
are not considered for donation. Donors underwent a
laparoscopic hand-assisted left donor nephrectomy and
rarely a right nephrectomy by a single surgeon with a
standard intra-peritoneal pressure of 12 mmHg. All
ureteral anastomoses were performed over a stent.

Recipients underwent internal jugular triple
lumen central line placement prior to the start of
surgery. Anti-thymocyte globulin (ATG) 2 mg/kg
intravenous piggy back over 12 hours was started in the
operating room. Tacrolimus was started once the serum
creatinine fell by 50% or under 3 mg/dl, or by
postoperative day 7 in cases of DGF.

Data was retrospectively collected from the
electronic medical record system and de-identified for
the United Network for Organ Sharing Research
Department. Recipient and donor demographic and
pre-operative  variables were collected. Total
intra-operative fluid volumes were also recorded for the
recipient and donor. Hemodynamic variables collected in
the donor (pre-vascular clamping) and recipient
(post-perfusion) included minimum SBP and diastolic
blood pressures (DPB), and in the recipient only, post-
perfusion CVP. Central venous pressure < or = 12
mmHg was used as a cut off. An SBP < 90 mmHg or
DPB < 50 mmHg was considered a hypotensive event. .
One year outcomes included rejection within the first
year post-transplant, evidence of CAN on 1-year
protocol biopsies, graft loss (return to dialysis or death),
and graft function as measured by creatinine at 1 year.

Recipient post-operative allograft function was
divided into three cohorts based on the first 7 days after
transplant. DGF was defined as the need for dialysis in
the first 7 days post-operatively, slow graft function
(SGF) was defined as a creatinine > 2.5 mg/dl on
post-operative day 7 and good function (GF) was
defined as no need for dialysis and a creatinine < 2.5
mg/dl by post-operative day 7 ®?°. Univariate analyses
evaluated differences between graft function groups
and were performed in R using Hmisc package.
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n DGF (n=10) SGF (n=11) GF (n=90) p-value
Age (years) | 365570 | 4051060 | 2348560 | 0.027
Sex 1 0.018
Male 80% (8) 82% (9) 47% (42)
Female 20% (2) 18% (2) 539% (48)
Height (cm) I | 1635 170.0 167 | 1770182.0 sess | 1603 168.0 1760|  0.008
Weight (kg) i 662842 046 | 7641035 1145 | s6775.580 | 0.008
BMI (kg/m?) W | 4530435 | 2230336 | 23265 | 0.019
BSA (m?) 9 172,055 192.3 24 1719, | 0.004
Pre-Operative Creatinine (mg/dl) 11 617.2 65 6373 11 516.7 o5 0.575
Primary Diagnosis 111 0.377
Diabetes 30% (3) 9% (1) 16% (14)
Hypertension 30% (3) 9% (1) 8% (7)
Polycystic Kidney Disease 10% (1) 36% (4) 18% (16)
Re-Transplant 0% (0) 9% (1) 4% (4)
Autoimmune 10% (1) 0% (0) 16% (14)
Glomerular Disease 20% (2) 18% (2) 23% (21)
Other/Unknown 0% (0) 18% (2) 16% (14)
Previous Transplant 1 0% (0) 18% (2) 9% (8) 0.346
Pre-Transplant Dialysis 1 100% (10) 73% (8) 70% (63) | 0.128
Hemodialysis 11 90% (9) 27% (3) 31% (28) | <0.001
Peritoneal Dialysis 11 10% (1) 45% (5) 39% (35) | 0.165
Blood Type 11 0.205
A 40% (4) 18% (2) 43% (39)
AB 0% (0) 9% (1) 1% (1)
B 20% (2) 9% (1) 22% (20)
0 40% (4) 64% (7) 33% (30)
PRA Class I Sensitized (>20%) 105 0% (0) 22% (2) 6% (5) 0.116
PRA Class 1 Sensitized (>20%) 105 20% (2) 11% (1) 6% (5) 0.255
IF;(r)(il-;ormed Donor Specific Anti- 104 0% (0) 18% (2) 5% (4) 0.21
Any HLA Mismatch 110 67% (6) 91% (10) 87% (78) | 0.232

1 ab cRepresent the lower quartile a, the mean b, and the upper quartile ¢ for continuous variables. Other/ | i
i Unknown: Alport Syndrome (2), Reflux Nephropathy (3), Renal Cell Carcinoma (1), Unknown (7),I
:Hypoplastic Kidney Disease (1), Lithium Toxicity (1), Immunoactoid Glomerulopathy (1); Autoimmune: ;
iIgA Nephropathy (10), Systemic Lupus Erythematosus (5). BMI, body mass index; BSA, body surface
'area; HLA, human leukocyte antigen. I
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Categorical variables were reported by frequency and
compared using a Pearson Chi-square test for
association. Continuous variables were reported using
the mean and interquartile ranges and compared using a
Kruskal-Wallis test.

Results

A total of 111 living donors and recipients were
evaluated, with recipient demographic data presented in
Table 1. Ninety (81%) patients had GF, while 11 (10%)
had SGF and 10 (9%) had DGF. The average age of
recipients was 50 years old and differed significantly by
graft function, with the oldest recipients experiencing
DGF more frequently (p=0.027). Males experienced poor
graft function more often than females (p=0.018).
Statistical differences were also found in height
(p=0.008), weight (p=0.008), BMI (p=0.019), and body
surface area (p=0.004) by graft function, showing
recipients with poor graft function (DGF or SGF) having
the larger body measurements. . Despite these body
metrics there were no significant differences when
comparing donor to recipient size ratios that would
indicate size mismatch (Table 2). The three most
common causes of renal failure were polycystic kidney
disease (n=21), diabetes (n=18) and
glomerulonephritis /  glomerulosclerosis  (n=25),
accounting for 57.6% of primary diagnoses. Seven
patients had an unknown cause of renal failure. There
were no observed differences in primary diagnosis by
graft function. Of the 10 recipients of previous
transplants, none had worse graft function compared to
the first time transplant recipients. Most recipients
(73%) were dialysis dependent prior to transplant, with
no difference in the numbers undergoing peritoneal
dialysis (n=41) vs. hemodialysis (n=40). Dialysis
dependence (peritoneal and hemodialysis combined)
was not associated with DGF, however, patients
dependent on hemodialysis experienced higher rates of
DGF (90%) compared to those with GF or SGF (31%
and 27%, p<0.001). Pre-operative creatinine levels were
comparable among the three groups, as was recipient
blood type, presence of pre-formed donor specific
antibodies , presence of HLA mismatch and PRA status.

Notably, minimum CVP 2>12 mmHg was
associated with poor graft function
(DGF/SGF/GF= 67%/56%/24%, p=0.009) (Table 3).
However, an incident of intra-operative hypotension was
not statistically associated with graft function. There
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were no statistical differences in cold ischemic time,
warm ischemic time, estimated blood loss or intra-
operative fluid volumes received. Additionally, the use of
furosemide, mannitol and albumin did not influence graft
function.

The average donor age was 44, and groups
were similar in age based on graft function (Table 4).
Fifty = eight  donors (52.7%) were  female,
while 52 (47.3%) were male. Donor sex did not appear
to influence recipient graft function, nor did gender
mismatch. Most donors (n=62) were unrelated and the
donor’s relationship to the recipient was not associated
with graft function. Donors with grafts resulting in poor
function were taller (p=0.03) and weighed more
(p=0.02). However, donor BMI and body surface area
were not related to graft function. Pre-operative
creatinine of the donor had no bearing on graft function,
nor did the presence of donor hypertension or blood
type. There was no statistical association between donor
estimated blood loss, total intra-operative fluid volume
received, administration of albumin or furosemide. No
association was found between donor intra-operative
hypotension and graft function (Table 3).

Regarding 1 year recipient outcomes (Tables 5-6
and Figure 1), 70%, 82% and 83% of DGF, SGF and GF
patients respectively, had 1 year worth of follow up.
Nine percent of GF patients experienced rejection, while
30% of DGF and 36% of SGF patients had rejection
(p=0.012). Moreover, type of rejection differed by graft
function with only DGF patients experiencing acute
antibody mediated rejection (n=3), while acute cellular
rejection was more common in the GF cohort (n=8,
p=0.006). One year interstitial fibrosis, tubular atrophy,
Chronic Allograft Damage Index and Banff chronic
allograft nephropathy scores on 1-year protocol biopsies
were similar. There was one graft loss within 1 year
secondary to death (GF cohort), but this patient died
with a functioning graft. Kidney function at 1 year based
on creatinine levels was comparable.

Discussion

This single center retrospective analysis of 111
living kidney transplants investigated the influence of
recipient and donor intra-operative hemodynamics on
first week post-transplant graft function. To our
knowledge this is the first study to look at both recipient
and donor intra-operative variables and their impact on
DGF. The incidence of DGF in our study was comparable

Vol-1 Issue 2 Pg. no.- 4



http://www.openaccesspub.org/
http://openaccesspub.org/
http://openaccesspub.org/journal/jot
http://dx.doi.org/10.14302/issn.2576-9359.jot-17-1807

Freely Available Online

pendcces:

n DGF (n=10) SGF (n=11) GF (n=90) | p-value
Donor-Recipient 092 0.98
99 1.04 0.97 0.11
Height Ratio (cm) 100 106 0.9 097 1.04
Donor-Recipient 081 1.00
110 1.01 0.80 0.18
Weight Ratio (kg) 090 2F 5 112 AR 128
Donor-Recipient 0.8 1.00
96 1.03 0.87 0.09
BSA Ratio (kg/mz) 0.99 111 0.84 0.96 ™"
Donor-Recipient 090 1.02
97 0.99 0.85 0.18
BMI Ratio (mz) 0.91 1.09 0.82 0.96 123
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Figure 1: One Year Kidney Function
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n DGF (n=10) SGF (n=11) GF (n=90) p-value
Recipient
Cold Ischemic Time (min) 111 43.047.0 570 42549.0 2055 | 40044.5 517 0.339
Warm Ischemic Time (min) 110 283 30.0 328 275 31.0 379 7.0 30.0 340 0.699
Estimated Blood Loss (ml) 93 375 100.0 1000 | 50.0100.0 100.0 | 50.050.0 100.0 0.901
Fluids (ml) 105 20002250 2700 | 23502800 3300 | 2275 3000 335 | 0.124
Albumin Use 107 70% (7) 55% (6) 64% (55) 0.752
Mannitol Use 106 70% (7) 91% (10) 75% (64) 0.456
Lasix Use 107 100% (10) 100% (11) 92% (79) 0.401
Intra-Operative Hypotension 106 60% (6) 45% (5) 44% (37) 0.613
Minimum Intra-Operative CVP 85 0.009
< 12 mmHg 33% (3) 44% (4) 76% (51)
> 12mmHg 67% (6) 56% (5) 24% (16)
Donor
Estimated Blood Loss (ml) 68 350 50.0 50,0 275 50.0 500 20.0 50.0 500 0.605
Fluids (ml) 99 20002750 3000 | 225027503350 | 2300 2800 3200 | 0.779
Albumin Use 99 0% (0) 0% (0) 4% (3) 0.742
Lasix Use 101 88% (7) 100% (8) 74% (63) 0.191
Intra-Operative Hypotension 106 60% (6) 45% (5) 44% (37) 0.613

:ab <Represent the lower quartile a, the mean b, and the upper quartile c for continuous variables.

! Intra-Operative Hypotension (systolic blood pressure <90 mmHg or diastolic blood pressure <50 mmHg in,

1 donor post renal artery clamp and in recipient post reperfusion); Minimum and Maximum Intra-Operative

1 CVP (measured post reperfusion). CVP, central venous pressure.
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to rates reported in the literature for living kidney
transplants, being at approximately 4-16% %, This is
lower than the reported 20-40% rate of DGF from
deceased donor kidneys 7?2, We included a third
cohort in our study, SGF, as a means to identify patients
that did not adhere to the classic definition of DGF, but
also did not have ideal graft function. SGF is a known
entity in the literature with variable definitions, but the
unifying definition was that they did not have optimal
graft function or outcomes 2?2, We defined SGF as a
serum creatinine >2.5 mg/dl on post-op day 7 to align
this with the definition of need for dialysis within 7 days
for DGF 82,

Contrary to previous work in this field we
determined a lower post-perfusion central venous
pressure appears to be favorable to reduce the incidence
of DGF. This may suggest a contributory role from
venous hypertension resulting in renal congestion with
resultant reduced glomerular filtration rate, local hypoxia
and a pro-infammatory state **. Othman et al. **
randomized 40 living renal transplants to either a normal
saline constant infusion rate of 12 mi/kg/hr, or a target
central venous pressure (CVPT) of 15 mmHg. Ischemic
times were similar, but CVPs were significantly different.
They noted an earlier onset of urine production in the
CVPT group (77£35 s) vs. the constant infusion rate
group (241+66 s, p<0.001), and a greater volume of
urine production in the CVPT group (1540+339 ml vs
852+170 ml, p<0.001) and concluded that a target CVP
of 15 mmHg ensures early graft function. Additionally,
Carlier et al. % retrospectively reviewed 120 comparable
cadaveric renal transplants by stratifying recipients into
high and low pulmonary artery (>20 mmHg vs <20
mmHg) and diastolic pulmonary artery (>15 mmHg vs
<15 mmHg) pressure groups. The high and low
pulmonary artery pressure groups, at clamp release
correlated with high and low mean CVPs of 14.2 mmHg
and 12 mmHg respectively. The incidence of acute
tubular necrosis was 6% versus 36% in the high and
low pressure groups respectively. From this one could
conclude that a CVP close to 14 mmHg is ideal.
However, in agreement with our findings, there are
multiple papers available that are not consistent with
these recommendations and suggest that CVP either has
little effect on outcomes, or that a lower pressure is
favorable. For example, Aulakh et al. !"performed a
retrospective review of 100 living renal transplants
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divided into two groups based on CVP <12 mmHg or
>12 mmHg, and compared the trends in creatinine over
5 days. They ultimately noted no difference in the rate
of creatinine downtrend. Another study noted that on
multivariate analysis, higher CVP at patient awakening
had the strongest association with immediate graft
function, however, the mean CVP correlating with
immediate graft function was only 9.71 mmHg *. De
Gasperi et al. » looked at the correlation between CVP
and intra-operative fluid volumes and long term
outcomes. They found that a CVP of 7-9 mmHg, and
fluid volumes of 2400+1000 ml resulted in good
functional recovery in 94% of patients, and the six
month graft survival rate was 97.7%, with donor age
being the only predictor of graft failure. We
acknowledge that from the literature it is clear that there
are various recommendations for CVP. In addition, the
CVP may be influenced by the interplay of multiple
complex factors to include baseline cardiac function,
pre-operative volume status, proximity of surgery to last
dialysis session, response to anesthesia and the
anesthesiologists approach to managing intra-operative
hemodynamics with fluids and vasopressor medications.
Our study suggests a CVP below 12mmHg may reduce
DGF.

While we found no association with DGF and
intra-operative blood pressure, it should also be
recognized that there is no consensus definition for intra
-operative hypotension %, which, if can be defined may
lead to more accurate interpretations and results of such
studies. Multiple studies have attempted to look for a
relationship between DGF and intra-operative
hypotension. For example, Sandid et al. ¥ compared
mean intra-operative SBP and DPB between immediate
and SGF cohorts. Average blood pressures between the
groups were 103/52 mmHg and 94/45 mmHg for
immediate and SGF respectively. On multivariate logistic
regression analysis, it was determined that
intra-operative hypotension was an independent risk
factor for SGF. Furthermore, Snoejis et al. '° showed
that an average intra-operative SBP below 110 mmHg
increased the odds of primary non-function by 2.6.
Perhaps, a validated definition of intra-operative
hypotension would have allowed us to more accurately
detect differences in graft function.

Our findings that fluid volume, use of Lasix,
albumin or mannitol has no effect are consistent with
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n DGF (n=10) SGF (n=11) GF (n=90) p-value
Age (years) 111 43347.5523 30.546.0 565 37.045.0 55 0.434
Sex 110 0.584
Male 60% (6) 55% (6) 45% (40)
Female 40% (4) 45% (5) 55% (49)
Male Donor 52 0.062
Male Recipient 21% (5) 17% (4) 62% (15)
Female Recipient 4% (1) 7% (2) 89% (25)
Female Donor 58
Male Recipient 9% (3) 15% (5) 76% (26) 0.1
Female Recipient 4% (1) 0% (0) 96% (23)
Height (cm) 99 1643 174.0 1810 | 1745177.5 1801 157.8 167.0 1705 0.031
Weight (kg) 110 80.985.7 911 78385.2 93.4 652 74.7 gs55 0.022
BMI (kg/m?) 99 268 27.2 292 24725.9 279 24027.1 288 0.644
BSA (m?) 98 192.0 23 192.0 20 1.71.8 20 0.147
Pre-Operative Creatinine (mg/dl) 108 080.8 0.9 080.9 10 070.8 10 0.481
History of Hypertension 67 20% (1) 50% (2) 16% (9) 0.218
Relationship to Recipient 111 0.498
First Degree Relative 30% (3) 18% (2) 37% (33)
Other Blood Relative 0% (0) 18% (2) 10% (9)
Unrelated 70% (7) 64% (7) 53% (48)
Blood Type 109 0.914
A 33% (3) 27% (3) 29% (26)
AB 0% (0) 0% (0) 1% (1)
B 11% (1) 0% (0) 12% (11)
0 56% (5) 73% (8) 57% (51)

n DGF (n=10) [SGF (n=11)| GF (n=90) | p-value
Rejection 111 30% (3) 36% (4) 9% (8) 0.012
Rejection Type 15 0.006
Acute Antibody Mediated Rejection 100% (3) 25% (1) 0% (0)
Acute Cellular Rejection 0% (0) 75% (3) 100% (8)
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the multiple differing results observed in the literature.
There is general agreement that preventing
intra-vascular depletion is pertinent. However, there is
no agreed upon volume, as many factors come into play
such as, but not limited to, length of case, recipient
body mass, cardiovascular co-morbidities, type of fluid,
and fluid adjuncts. Additionally, volume is often
described in terms of CVP, which is not always an
accurate surrogate for volume status. It is interesting to
note that, although not statistically significant, the poor
function groups received the lowest amount of
intra-operative fluid despite having the higher CVP
measurements. In our retrospective study the cause for
this is difficult to qualify as multiple factors such as
cardiac function, pre-operative volume overload and
anesthesia approach may be at play. Perhaps the
observation that slightly more patients in the DGF group
received albumin and thus had less third spacing may
have had an impact.

In our study 13.5% of patients experienced
acute rejection, and there was a statistical association
with poor function, which is consistent with a previously
published meta-analysis 3. Despite multiple papers
reporting DGF as a risk factor for graft loss, patient
death and poor long-term function **2, in our current
study, we found no such association. Additionally, we
found no evidence on 1 year protocol biopsies of chronic
allograft nephropathy, which is consistent with our
findings of equivalent 1 year renal function based on
creatinine levels. This is despite an association between
DGF and chronic allograft nephropathy °. In our study,
the lack of association with these outcomes is probably
related to the lower incidence of DGF than reported in
the literature and follow up of only 1 year, which may
have under-powered our study to detect these
associations. However, even with the lower incidence we
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' 1 Year Graft Survival (number of patients with 1 year worth of follow up or that lost allograft prior to 1 year;
: DGF=7, SF=9, GF=75): no return to dialysis or patient death
|

__________________________________________________________________________

were able to find a significant correlation between both
DGF and SGF and episodes of acute rejection when
compared to the patients with good renal function.

Our study has certain limitations. First, this was
a single center retrospective analysis, and perhaps not
representative of the more inclusive experience among
transplant centers in the US. Second, there is no
protocol in place at our institution for frequency and
timing of hemodynamic evaluation, thus standardized
measuring of parameters were not available. Third, we
had very few cases of DGF, which potentially hindered
our ability to detect all risk factors and their strength of
association. Also, we did not have baseline resting
pulmonary artery and right heart pressures on all
patients, nor could we control for the anesthesiologist’s
approach to hemodynamic management during the
case. Lastly, we only looked at outcomes at the 1 year
time point which may not truly reflect the long term
adverse effects of DGF.

Conclusion

A living kidney transplant is an excellent option
for patients with end stage renal disease. Yet recipients
of living donor kidneys are still at risk of delayed graft
function. Knowledge of baseline cardiac pressures and
pre-operative volume status may be of added benefit.
Further attention by the surgeon and anesthesiologist to
intra-operative hemodynamics during transplantation
may help reduce delayed graft function. Specifically,
consideration should be given to avoiding an overly
aggressive central venous pressure, perhaps with the aid
of other invasive means of hemodynamic monitoring
such as pulmonary artery catheters or trans-esophageal
echo. This recommendation is supported both by our
data and other studies in the literature. More
importantly, the lack of consensus in defining optimal
intra-operative hemodynamics begs the need for larger
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prospective randomized trials.
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