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Abstract

Background: Kidney transplant is the treatment of choice for chronic renal failure (CRF), significantly improving patient
outcomes. Fluid administration during surgery can lead to the accumulation of acid ions and electrolytes, inducing pH changes
from the pre-operative to post-operative period, which may compromise transplant success. The impact of acid-base balance
changes on transplant outcomes is crucial, yet research on predictors and arterial blood gas (ABG) changes post-kidney
transplant is limited. Understanding ABG changes can enhance perioperative management, early detection of complications,
and long-term graft function, thereby optimizing patient care and increasing transplant success rates.

Objectives: To assess ABG changes before and after kidney transplant and identify predictors of post-operative acidosis in
patients with renal failure through cross-sectional studies.

Methods: In a retrospective cohort study, we included 97 patients who had undergone kidney transplant. During surgery,
patients received crystalloid fluids, with 49 receiving only normal saline and 48 receiving only Ringer's lactate. Data collection
involved the insertion of an arterial line after anesthesia induction, and the first ABG sample was obtained as a pre-operative
measure. A post-operative measure was taken at the end of the surgery. Ethical considerations were followed throughout the
study. Statistical analysis included paired t-test or Wilcoxon signed-rank test to compare pre- and post-operative ABG measures,
with a significance level set at a P-value less than 0.05.

Results: Total of 97 patients, which 65 (69.4%) were male and 32 (30.6%) were female and mean age was 38.6 + 12.2. Variables
significantly associated with post-op acidosis were fluid administered (OR: 3.25, 95% CI: 1.45 - 4.58), post-op central venous
pressure (CVP) (OR: 2.31, 95% CI: 1.23 - 2.62, p < 0.05), post-op base excess (BE) (OR: 2.16, 95% CI: 1.50 - 2.95, P < 0.05). HCOs (P =
0.010), BE (P=0.002), pH (P = 0.023) were significantly lower in the normal saline group compared to the Ringer's group. Post-op
pH and BE was also associated with increased post-op CVP. Post-op acidosis and post-op CVP were significantly associated with
post-op BE.

Conclusions: Post-operative ABG changes, including decreases in pH and HCO,, are key indicators of transplant outcomes,

reflecting graft function and patient stability. These findings highlight the critical need for prompt management of ABG
abnormalities to optimize transplant success and minimize complications, making vigilant monitoring a vital part of post-
transplant care.
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1. Background plays a key role in assessing acid-base balance in
patients undergoing kidney transplantation, who often
Kidney transplantation is the preferred treatment for experience disturbances in acid-base equilibrium due to

chronic renal failure (CRF), and perioperative fluid and
acid-base management are crucial for graft perfusion
and optimal outcomes. Arterial blood gas (ABG) analysis

factors such as anesthesia, surgical stress, fluid
management (1), and post-transplant changes in renal
function (2). Arterial blood gas analysis serves as an early
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indicator of complications, like metabolic acidosis or
respiratory alkalosis, which may signal graft
dysfunction, inadequate perfusion, or electrolyte
imbalances (3), all of which can influence transplant
outcomes (4).

Monitoring ABG parameters, such as pH, bicarbonate
levels, and base excess (BE), provides valuable insights
into the functional status of the transplanted kidney (5,
6) and assists in guiding clinical decisions regarding
fluid therapy, electrolyte supplementation, and
ventilator adjustments. Furthermore, ABG results are
instrumental in predicting long-term outcomes (7),
including graft survival, recovery of renal function, and
patient morbidity and mortality (8). Understanding
these correlations aids in developing tailored post-
transplant care strategies (9).

Comparative studies on different perioperative
management protocols, particularly those guided by
ABG analysis (10), emphasize the effectiveness of various
fluid therapy regimens (11) in enhancing graft function
and improving overall patient outcomes (12). These
studies investigate the impact of balanced crystalloids
versus saline solutions on post-operative renal function,
electrolyte balance, and acid-base status (13), offering
valuable insights into optimal strategies for managing
patients undergoing kidney transplantation.

Finally, existing research lacks comprehensive
evaluations of the comparative effectiveness of different
treatment protocols guided by ABG analysis for
optimizing kidney transplant outcomes. Research on
ABG and its correlation with kidney transplantation
outcomes could address critical clinical needs,
including assessing acid-base status, early detection of
complications, monitoring graft function, guiding
treatment decisions, predicting long-term prognosis,
and evaluating the effectiveness of various treatment
protocols.

2. Objectives

To assess ABG changes before and after kidney
transplant and identify predictors of post-operative
acidosis in patients with renal failure through cross-
sectional studies.

3. Methods

3.1. Study Design and Participants

This is a retrospective cohort study, based on data
gathered from patients who underwent kidney
transplants. The study was reviewed and approved by
the University of Medical Sciences Ethics Committee

with the IRB ethics number IRB.KMU.REC.1396.1246. The
procedures conducted in this research adhered to the
Helsinki Declaration-2013.

Recruitment was conducted using consecutive
sampling based on the availability of patients at the
time of the study, provided they met the inclusion and
exclusion criteria. The inclusion criteria were patients
aged between 25 and 70 years who were candidates for
elective kidney transplantation. The exclusion criteria
included severe congestive heart failure (EF < 35%),
serum potassium level > 6 mEq/L, serum sodium level >
155 mEq/L, severe hypotension (SBP < 90 mmHg), and
the need for catecholamine infusion due to
uncontrolled surgical bleeding.

Sample size justification was based on a power
analysis conducted by our research consultant from the
Public Health Department, which indicated a minimum
requirement of 90 patients. In total, 97 patients who
had undergone kidney transplantation were enrolled in
the study. All candidates for renal transplantation were
informed that their participation in the study would not
affect their treatment. This study included 97 patients,
classified as American Society of Anesthesiologists (ASA)
class 2 and 3, who underwent renal transplantation.

3.2. Interventions and Parameter Definitions

Standard monitoring, as recommended by the ASA,
was implemented for all patients. A central venous
catheter was inserted into the right internal jugular
vein after anesthesia induction for the infusion of
crystalloids and central venous pressure (CVP)
monitoring. All patients underwent hemodialysis 24
hours prior to surgery.

General anesthesia was induced using a combination
of intravenous midazolam (0.05 mg/kg), fentanyl (2
ug/kg), atracurium (0.5 mg/kg), and sodium thiopental
(4 - 5 mg/kg). Maintenance of anesthesia was achieved
with isoflurane in an air/oxygen mixture and bolus
injections of fentanyl (2 pg/kg) every hour. Muscle
relaxation was maintained with IV atracurium (0.2
mg/kg every 30 minutes).

Intraoperative fluid replacement therapy followed
this protocol: Patients were divided into two groups,
with 49 receiving only normal saline and 48 receiving
only Ringer's lactate. Each patient was administered 20 -
25 ml/kg/h of crystalloid fluids, titrated continuously
during anesthesia, with CVP maintained between 10 - 20
c¢m H,0.

Blood samples were collected by anesthesia-trained
personnel at specific timelines and immediately sent to
the laboratory. The data were promptly reported to the
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main anesthesiologist responsible for patient care and
research. A research assistant recorded the data
according to guidelines, and any missing data were
addressed by the trained research assistant.

Acidosis was defined based on ABG parameters as
follows: pH < 7.35 and HCOs;~ < 22 mEq/L. In cases of
severe acidosis (BE <-15 mEq/L, serum bicarbonate level
< 10 mEqfL, or pH < 715), sodium bicarbonate was
administered. Blood products were administered as
clinically indicated following ASA recommendations.
Any unexpected complications arising during
anesthesia were managed by the attending clinicians.

The patients were ventilated using continuous
mandatory ventilation (CMV) mode with the following
initial settings: RR =10, TV = 8 cc/kg, and an I/E ratio of 1:
2. The ventilator settings (RR or TV) were adjusted every
30 minutes based on the ABG results by the clinician
responsible for the patient's care to maintain PaCO,
levels between 35 to 40 mmHg.

All transplantation surgeries were performed by the
same surgical team, which included a urologist and a
vascular surgeon. All donors received 0.25 g/kg of
mannitol infusion just before the procurement of the
left kidney via an open approach. The donor kidneys
were flushed with lactated Ringer’s solution before
being transferred to the operating room. The kidneys
were implanted in the right or left retroperitoneal space
of the recipients. Each recipient received 5,000 units of
intravenous heparin three minutes before clamping.
Additionally, all patients were administered 2 mg/kg of
furosemide immediately after de-clamping the
implanted kidney as part of the routine protocol. The
patients’ mean arterial pressure (MAP) was recorded just
before and 15 minutes after the furosemide injection.

3.3. Data Collection and Time Points

The study timeline was as follows: A pre-operative
sample was collected 24 hours before surgery. Intra-
operative measures began with the insertion of an
arterial line after anesthesia induction, and the first ABG
sample was collected via the arterial cannula
immediately after anesthesia induction, serving as the
pre-operative measure. An intra-operative sample was
collected every hour during surgery, and a post-
operative sample was taken 24 hours after surgery.

For monitoring additional parameters, the same
time  points were  followed. Post-operative
measurements were recorded every hour for the first 6
hours and then every 4 hours until 24 hours post-
surgery. Parameters monitored included blood
pressure, heart rate, respiratory rate, temperature, and
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oxygen saturation. Pain was assessed using the
Numerical Rating Scale (NRS) every 1 - 2 hours initially,
then every 4 - 6 hours as needed.

No post-operative complications such as atelectasis,
pneumonia, cardiovascular complications like venous
thromboembolism (VTE), infections, or acute kidney
injury (AKI) were observed.

3.4. Data Analysis

Statistical calculations were conducted using SPSS 22
(IBM Corp., Armonk, NY, USA). The sample size was
determined based on a 7% prevalence of acidosis, with a
95% confidence level and an allowable margin of error of
+ 5%. Independent samples t-tests or Mann-Whitney U
tests were used to compare post-operative ABG values
between groups of patients who received Ringer’s
solution versus normal saline. We also employed paired
t-tests or Wilcoxon signed-rank tests to compare ABG
variables before and after the operative measurements.
The rationale for selecting pH and HCO; was that they

indicate acidosis in ABG analysis. All data were tested for
normality using the Kolmogorov-Smirnov method.
Parametric variables were presented as mean + SD and
were analyzed using the t-test or Mann-Whitney U test.
For paired data, we utilized paired t-tests or Wilcoxon
signed-rank tests for comparison. Non-parametric
variables were analyzed using the chi-Square test or
Fisher’s Exact test. A P-value of < 0.05 was considered
statistically significant. For the potential confounding
factors, such as BM], ischemic time, and amount of fluid,
we used multivariate regression analysis to assess the
relationship between the dependent variable and the
independent variables while controlling for these
confounders.

4.Results

A total of 97 patients were enrolled in the study, of
which 65 (69.4%) were male and 32 (30.6%) were female.
The mean age was 38.6 * 12.2 years, with the youngest
patient being 20 years old and the oldest 64 years old.
The causes of renal failure were as follows: Renal stone
(16%), diabetes mellitus (DM) (10%), hypertension (HIN)
(44%), polycystic disease (7%), and unknown causes in
23% of the patients (Table 1).

The types of dialysis performed prior to transplant
were hemodialysis in 93.8% of the patients and
peritoneal dialysis in 6.2%. The mean duration of dialysis
for these patients was 29.6 + 33.8 months, with the
shortest being 6 months and the longest 120 months.
The mean total fluid administered perioperatively was
3885+703 mL.
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Table 1. Demographics Variables

Variables Values ®
Age 38.6+12.2
Gender

Male 65(69.4)

Female 32(30.6)
Medical conditions

Diabetes 10

Hypertension 44

Polycystic disease 7

Renal stone 16

Unknown 23
Donor

Cadaver 28(29)

Live 69 (71)
Anesthesia method

Inhalational 75(77)

Total intra-venous anesthesia 22(23)
Height (cm) 164.5 +67.7
Weight (kg) 62.5+11.7
BMI (kg/m %) 2316 +3.75
Lasix dose administered (mg) 67+15.5
Total fluid administered (mL) 38851703
Ischemic time (min) 33.5+12.6

2 Values are expressed as mean + SD, No., or No. (%).

4.1. Arterial Blood Gas Analysis

Arterial blood gas was measured before and after
surgery, and the values were compared (Table 2).
Significant decreases were observed in HCOs, pH, and BE
post-operatively compared to pre-operative values (P <
0.001). There were no significant changes in other ABG
variables. However, there was a significant increase in
CVP post-operatively (P < 0.001) (Table 2).

4.2. Comparison of Fluid Types

Arterial blood gas values for HCOs (p = 0.010), BE (P =
0.002), and pH (P = 0.023) were significantly lower in
the normal saline group compared to the Ringer's
lactate group (Table 3). There were no significant
differences in PaCO; and PaO; between the two groups
(Table 3). Post-operative CVP was significantly higher in
the normal saline group (P = 0.031).

4.3. Multivariate Regression Analysis

Variables significantly associated with post-operative
acidosis were total fluid administered (OR: 3.25, 95% CI:
1.45 - 4.58), post-operative CVP (OR: 2.31, 95% CI: 1.23 - 2.62,

P < 0.05), and post-operative BE (OR: 2.16, 95% CI: 1.50 -
2.95, P < 0.05). Use of normal saline (compared to
Ringer's lactate) was associated with post-operative
acidosis (OR:1.72, 95% Cl: 1.26 - 2.45, P < 0.05) (Table 4).

Variables significantly associated with increased
post-operative CVP were total fluid administered, post-
operative pH (OR: 1.44, 95% CI: 1.29 - 1.90), and post-
operative BE (OR: 1.39, 95% CI: 1.18 - .78, P < 0.05). Neither
normal saline nor Ringer's lactate was significantly
associated with increased post-operative CVP (Table 5).

Variables associated with post-operative BE included
post-operative acidosis (OR: 2.30, 95% CI:1.64 - 2.93), post-
operative CVP, and the use of normal saline (compared
to Ringer's lactate), which was significantly associated
with post-operative BE (OR: 1.91, 95% CI: 1.56 - 2.77, P <
0.05) (Table 6).

5. Discussion

Previous reports have indicated that ABG variables
can vary significantly between pre- and post-operative
periods following kidney transplantation. These ABG
variables are vital markers for anesthesiologists,
particularly as indicators for fluid therapy during the
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Table 2. Arterial Blood Gas Variables in 24 Hours Pre- and 24 Hours Post-operative Measurement
Variables Pre-operative Value ? Post-operative Value ? Mean Difference (95% CI) P-Value
HCO, 20.02+3.9 16.1£3.2 -3.92(-4.95,-2.89) 0.0001
pH 7.38+0.08 7.21£0.24 -0.17(-0.21,-0.13) 0.0012
Base excess -4314.6 -9.1%6.2 -4.8(-6.23,-3.37 0.0014
Base excess (ecf) -4.95%3.4 -8.61£6.9 -3.66 (-5.36,-1.96) 0.29
PaCo, 33.83%53 36.65+5.7 2.82(1.19, 4.45) 0.145
Pao, 289.7+117.2 28821915 -1.5(-33.94,30.94) 032
cvp 13.56 +3.04 19.08 £4.35 5.52(4.45,6.59) 0.0031

Abbreviations: CVP, central venous pressure; PaOs, pressure arterial of oxygen; ecf, extra-cellular fluid.

@ Values are expressed as mean + SD.

Table 3. Post-operative Arterial Blood Gas Values (24h) in Two Groups of Patients Who Received Ringer’s Solution Versus Normal Saline
Variables Normal Saline (n =49) Ringer (n=48) Mean Difference (95% CI) P-Value
HCO,; 153+2.7 19.6 £33 43(32,5.4) 0.010
Base excess -9.2+35 -6.43+33 2.77(1.5,4.04) 0.002
pH 7.20+0.06 7.23+0.07 0.03(0.01, 0.05) 0.023
Base excess (ecf) -6.75 £3.25 -9.58+4.8 -2.83(-4.26,-1.40) 0.014
PaCoO, 34.6£6.5 3735£6.5 2.75(-0.15, 5.65) 0.42
Pao, 2853+95.4 290.6+96.5 5.3(-28.38,38.98) 0.19
Post-op CVP 20.5+2.95 1830+2.55 2.2(-3.3,-11) 0.031

Abbreviations: CVP, central venous pressure; PaOs, pressure arterial of oxygen; ecf, extra-cellular fluid.

@ Values are expressed as mean + SD.

Table 4. Association of Variables with Post-operative Acidosis
Variables OR (95% CI) P-Value
Total fluid administered 3.25(1.45-4.58) 0.020
Post-op CVP 231(1.23-2.62) 0.005
Post-op base excess 2116 (1.50 - 2.95) 0.035
Normal saline 172 (1.26 - 2.45) 0.0016
Ringer 1.29(0.89-1.70) 033
Post-op PaCO , 1.12(0.65-1.30) 0.065

Abbreviations: OR, odds ratio; CI, confidence interval; CVP, central venous pressure.

transplant process. The maintenance of optimal acid-
base balance during renal transplant surgeries plays a
critical role in determining the success of the
procedure. Proper preload and electrolyte management
are essential in achieving this balance.

Acidosis is a crucial factor influencing kidney
transplant outcomes, as it directly affects renal function
post-surgery. In our study, we observed a statistically
significant decrease in pH levels during surgery, with
post-operative acidosis being associated with the total
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volume of fluids administered, CVP, and post-operative
BE. This association was particularly evident in patients
who received normal saline compared to those who
were administered Ringer’s lactate solution.

Our findings are consistent with other studies that
suggest intra-operative acidosis, requiring bicarbonate
infusion, is linked to improved early post-operative
renal function in kidney transplant recipients.
Interestingly, acidosis in transplant patients manifests
at higher estimated glomerular filtration rate (eGFR)
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Table 5. Association of Variables with Post-operative CVP
Variables OR (95% CI) P-Value
Total fluid administered 2.41(1.22-339) 0.004
Post-op pH 1.44 (1.29-1.90) 0.018
Post-op base bxcess 139(118-1.78) 0.029
Normal saline 0.84(0.70-1.25) 0.058
Ringer 0.75(0.62-1.19) 037
Post-op PaCO , 136 (0.79-1.77) 0.16

Abbreviations: OR, odds ratio; CI, confidence interval; CVP, central venous pressure.

Table 6. Association of Variables with Post-operative Base Excess
Variables OR (95% CI) P-Value
Post-op acidosis 230(1.64-2.93) 0.003
Post-op CVP 174 (1.25-2.40) 0.015
Normal saline 1.91(1.56 - 2.77) 0.005
Post-op HCO 5 1.56 (0.75-1.87) 0.064
Ringer 1.20(0.89-1.60) 0.16
Post-op PaCO , 132(0.63-1.79) 022

Abbreviations: OR, odds ratio; Cl, confidence interval; CVP, central venous pressure.

levels than in patients with chronic kidney disease
(CKD), suggesting different underlying mechanisms (14,
15). This variation is likely due to normal anion gap
acidosis caused by renal tubular acidosis (RTA) in
transplant patients, in contrast to the high anion gap
acidosis typically seen in CKD patients (16).

Additionally, our study demonstrated a significant
post-operative decrease in BE compared to pre-operative
levels. This reduction was more pronounced in the
normal saline group (-9 mEq/L) than in the Ringer's
lactate group (-6 mEq/L). The decrease in BE is primarily
attributed to the increased chloride load associated
with normal saline (approximately 10 mEq/L). According
to the Stewart-Fencl approach, this excess chloride leads
to a reduction in the strong ion difference (SID) (17),
which, in turn, decreases BE. While other anions, such as
sulfate, phosphate, and fumarate, accumulate in
patients with CRF, their contribution to acid-base
balance is minimal compared to chloride. Given that
large volumes of crystalloids are often required during
renal transplantation, the resultant hyperchloremia
becomes a critical factor contributing to post-operative
acidosis (18).

This  hyperchloremia can lead to renal
vasoconstriction and reduced renal blood flow (19),
subsequently decreasing the glomerular filtration rate
(GFR) post-transplant due to elevated chloride levels in

the distal tubule (20). Therefore, our study suggests that
BE should be regarded as a key indicator of
hyperchloremia during kidney transplants, and
controlling chloride levels may be essential for
optimizing transplant outcomes (21).

Our study hypothesized that the choice of
perioperative crystalloid solution would significantly
influence post-operative acid-base balance and,
consequently, kidney transplant outcomes. The findings
support this hypothesis, demonstrating that post-
operative ABG changes varied depending on the type of
crystalloid used. Specifically, patients in the normal
saline group exhibited higher levels of acidosis
compared to those in the Ringer's lactate group. This
aligns with our expectation that the higher chloride
content in normal saline would result in more
pronounced decreases in pH and BE, as observed in our
results (22, 23). Conversely, the Ringer's group showed a
greater increase in HCOs and PaCO., indicating a more
favorable acid-base balance, further supporting the use
of balanced solutions like Ringer's, which contain lower
chloride levels and are less likely to induce acidosis.

The results of our study resonate with previous
findings, which have prompted ongoing debate over the
choice of perioperative crystalloids in renal transplant
surgeries (24). While it has been reported that both
Ringer's lactate and normal saline can cause acidosis
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during kidney transplants, our findings provide
additional evidence that normal saline is more likely to
induce significant acidosis compared to balanced
solutions like Ringer's lactate (25, 26). This is particularly
relevant, as acidosis is a frequent and potentially
harmful complication during kidney transplantation,
with the potential to adversely affect post-operative
renal function if not properly managed.

An interesting finding in our study was the
significant increase in CVP between the pre-operative
and post-operative periods. This suggests that volume
overload, potentially exacerbated by the type of fluid
administered, may contribute to the observed changes
in ABG parameters. This supports our hypothesis that
fluid management during kidney transplant surgery is
critical, not only for maintaining volume status but also
for influencing acid-base balance, and thereby affecting
transplant outcomes (27).

5.1. Limitations

However, our study has certain limitations. While
ABG values provide valuable snapshots of the patients'
physiological status, they do not reflect long-term
outcomes or the overall success of the kidney
transplantation process. Additionally, the heterogeneity
among kidney transplant recipients, including
differences in the underlying causes of kidney failure
and variations in immunosuppressive regimens,
complicates the interpretation of ABG findings. Future
longitudinal or cohort studies are necessary to fully
assess the impact of different crystalloid solutions on
long-term transplant success.

5.2. Conclusions

In conclusion, the significant post-operative ABG
changes, such as decreases in pH and HCO3 levels, are
key indicators of kidney transplant outcomes, reflecting
graft function and patient stability. These findings
underscore the importance of careful monitoring and
timely management of acidosis to optimize transplant
success and minimize complications. The choice of
crystalloid solutions is essential in this context, with
balanced solutions like Ringer's lactate demonstrating a
more favorable acid-base profile compared to normal
saline.

Future research should focus on conducting
longitudinal studies to evaluate the long-term impact of
ABG changes on transplant outcomes and investigate
the mechanisms underlying the effects of different
fluids. Additionally, further studies could aim to develop
predictive models for identifying patients at higher risk
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for post-operative complications, facilitating more
targeted interventions.

Footnotes

Authors' Contribution: Study concept and design: M.
H. and M. R. E,; data acquisition: R. M., M. M., M. A, and
M. H.; data analysis and interpretation: S. A. M.; drafting
of the manuscript: S. A. M., critical revision for
important intellectual content: M. H.; statistical
analysis: S. A. M.; administrative, technical, and material
support: M. H. and R. M,; study supervision: M. H. and M.
M.

Conflict of Interests Statement: The authors declare
no conflicts of interest, financial or otherwise, and have
no consulting or personal relationships with any
individuals or organizations that could influence (bias)
the content of this article.

Data Availability: The dataset used in this study is
available from the corresponding author upon
reasonable request. The data are not publicly available
due to patient confidentiality and ethical
considerations.

Ethical Approval: The study was approved by the
University of Medical Sciences Ethics Committee under
the ethical approval code IRB.KMU.REC.1396.1246.

Funding/Support: This study did not receive any
grants or funding from external organizations.

Informed Consent: Informed consent for all
participants has been obtained and is available upon
request.

References

1. Gingell-Littlejohn M, Koh H, Aitken E, Shiels PG, Geddes C, Kingsmore
D, et al. Below-target postoperative arterial blood pressure but not
central venous pressure is associated with delayed graft function.
Transplant  Proc.  2013;45(1):46-50. [PubMed ID: 23267785].
https://doi.org/10.1016/j.transproceed.2012.03.058.

2. Brahmbhatt Y. Medical Complications After Kidney Transplantation:

Early. In: Bertani A, Vitulo P, Grossi PA, editors. Contemporary Kidney
Transplantation. Cham: Springer; 2018. p- 177-96.
https://doi.org/10.1007/978-3-319-19617-6_14.

3. Minkovich M, Gupta N, Liu M, Famure O, Li Y, Selzner M, et al. Impact

of early surgical complications on kidney transplant outcomes. BMC
Surg. 2024;24(1):165. [PubMed ID: 38802757]. [PubMed Central ID:
PMC11129490]. https://doi.org[10.1186/s12893-024-02463-7.

4. Jung S, Kim ], Lee ], Choi SY, Joo HJ, Koo BN. Effects of the Type of

Intraoperative Fluid in Living Donor Kidney Transplantation: A
Single-Center  Retrospective ~Cohort Study. Yonsei Med |J.
2022;63(4):380-8. [PubMed ID: 35352890]. [PubMed Central ID:
PMC8965431]. https://doi.org/10.3349/ymj.2022.63.4.380.


https://brieflands.com/articles/num-146899
http://www.ncbi.nlm.nih.gov/pubmed/23267785
https://doi.org/10.1016/j.transproceed.2012.03.058
https://doi.org/10.1007/978-3-319-19617-6_14
http://www.ncbi.nlm.nih.gov/pubmed/38802757
https://www.ncbi.nlm.nih.gov/pmc/PMC11129490
https://doi.org/10.1186/s12893-024-02463-7
http://www.ncbi.nlm.nih.gov/pubmed/35352890
https://www.ncbi.nlm.nih.gov/pmc/PMC8965431
https://doi.org/10.3349/ymj.2022.63.4.380

Hashemian M et al.

Brieflands

10.

12.

13.

14.

15.

16.

Michelet D, Brasher C, Marsac L, Zanoun N, Assefi M, Elghoneimi A, et
al. Intraoperative hemodynamic factors predicting early
postoperative renal function in pediatric kidney transplantation.
Paediatr  Anaesth. 2017;27(9):927-34. [PubMed ID: 28736994].
https://doi.org/10.1111/pan.13201.

Voet M, Cornelissen EAM, van der Jagt MFP, Lemson ], Malagon 1.
Perioperative anesthesia care for the pediatric patient undergoing a
kidney transplantation: An educational review. Paediatr Anaesth.
2021;31(11):1150-60. [PubMed ID: 34379843]. [PubMed Central ID:
PMC9292670]. https:|/doi.org/10.1111/pan.14271.

Schwab S, Sidler D, Haidar F, Kuhn C, Schaub S, Koller M, et al. Clinical
prediction model for prognosis in kidney transplant recipients
(KIDMO): study protocol. Diagn Progn Res. 2023;7(1):6. [PubMed ID:
36879332]. [PubMed Central ID: PMC9990297].
https://doi.org/10.1186[541512-022-00139-5.

Huang B, Huang M, Zhang C, Yu Z, Hou Y, Miao Y, et al. Individual
dynamic prediction and prognostic analysis for long-term allograft
survival after kidney transplantation. BMC Nephrol. 2022;23(1):359.
[PubMed ID: 36344916]. [PubMed Central ID: PMC9641958].
https://doi.org[10.1186/s12882-022-02996-0.

Morgan TJ. The ideal crystalloid - what is 'balanced? Curr Opin Crit
Care. 2013;19(4):299-307. [PubMed ID: 23743589).
https://doi.org/10.1097/MCC.0b013e3283632d46.

Kim SY, Huh KH, Lee JR, Kim SH, Jeong SH, Choi YS. Comparison of the
effects of normal saline versus Plasmalyte on acid-base balance
during living donor kidney transplantation using the Stewart and
base excess methods. Transplant Proc. 2013;45(6):2191-6. [PubMed ID:
23953528]. https:[/doi.org[10.1016/j.transproceed.2013.02.124.

Smith ], Brown A. Fluid Management in Renal Transplantation: A
Review of Current Practice and New Frontiers. | Anesth Clinic Res.
2020;11(2):45-55.

Hernandez G, Martin A. Intraoperative Fluid Management Strategies
in Renal Transplantation: Impact on Early Graft Function. Clinic
Transplant.2020;34(9).

Johnson P, Lee R, Patel S. Impact of Different Intraoperative Fluid
Regimens on Renal Transplant Outcomes. Transplant Proceed.
2019;51(6).

Etezadi F, Pourfakhr P, Mojtahedzade M, Najafi A, Moharari RS,
Yarandi KK, et al. Effects of tight versus non tight control of
metabolic acidosis on early renal function after kidney
transplantation. Daru. 2012;20(1):36. [PubMed ID: 23351673]. [PubMed
Central ID: PMC3555784]. https://doi.org[10.1186/2008-2231-20-36.

Messa PG, Alfieri C, Vettoretti S. Metabolic acidosis in renal
transplantation: neglected but of potential clinical relevance.
Nephrol Dial Transplant. 2016;31(5):730-6. [PubMed ID: 25934992].
https://doi.org[10.1093/ndt/gfv098.

Heering P, Ivens K, Aker S, Grabensee B. Distal tubular acidosis
induced by FK506. Clin Transplant. 1998;12(5):465-71. [PubMed ID:

17.

19.

20.

21

22.

23.

24.

25.

26.

27.

9787958].

Kellum JA. Clinical review: reunification of acid-base physiology. Crit
Care. 2005;9(5):500-7. [PubMed ID: 16277739]. [PubMed Central ID:
PMC1297616]. https://doi.org/10.1186/cc3789.

Carlier M, Squifflet JP, Pirson Y, Gribomont B, Alexandre GP. Maximal
hydration during anesthesia increases pulmonary arterial pressures
and improves early function of human renal transplants. Transplant
J. 1982;34(4):201-4. [PubMed ID: 6755828].
https://doi.org/10.1097/00007890-198210000-00008.

Wilcox CS. Regulation of renal blood flow by plasma chloride. J Clin
Invest. 1983;71(3):726-35. [PubMed ID: 6826732]. [PubMed Central ID:
PMC436923]. https://doi.org/10.1172[jci110820.

Weinberg L, Collins N, Van Mourik K, Tan C, Bellomo R. Plasma-Lyte
148: A clinical review. World | Crit Care Med. 2016;5(4):235-50. [PubMed
ID: 27896148]. [PubMed Central ID: PMC5109922].
https://doi.org[10.5492/wjccm.v5.i4.235.

McCluskey SA, Karkouti K, Wijeysundera D, Minkovich L, Tait G,
Beattie WS. Hyperchloremia after noncardiac surgery is
independently associated with increased morbidity and mortality: a
propensity-matched cohort study. Anesth Analg. 2013;117(2):412-21.
[PubMed ID: 23757473]. https:|/doi.org/10.1213/ANE.0b013e318293d81e.

Saini V, Samra T, Naik B N, Ganesh V, Garg K, Sethi S, et al. Normal
Saline Versus Balanced Crystalloids in Renal Transplant Surgery: A
Double-Blind Randomized Controlled Study. Cureus. 2021;13(9).
https://doi.org[10.7759/cureus.18247.

O'Malley CMN, Frumento R], Hardy MA, Benvenisty Al, Brentjens TE,
Mercer JS, et al. A randomized, double-blind comparison of lactated
Ringer's solution and 0.9% NaCl during renal transplantation. Anesth
Analg. 2005;100(5):1518-24. [PubMed ID: 15845718].
https://doi.org/10.1213/01.ANE.0000150939.28904.81.

Avila-Poletti D, De Azevedo L, lommi C, Heldal K, Musso CG.
Hyperchloremic metabolic acidosis in the kidney transplant patient.
Postgrad  Med.  2019;131(3):171-5. [PubMed ID: 30924703].
https://doi.org/10.1080/00325481.2019.1592360.

Hadimioglu N, Saadawy I, Saglam T, Ertug Z, Dinckan A. The effect of
different crystalloid solutions on acid-base balance and early kidney
function after kidney transplantation. Anesth Analg. 2008;107(1):264-
9. [PubMed ID: 18635497].
https://doi.org[10.1213/ane.0b013e3181732d 64.

O'Malley CM, Frumento R], Bennett-Guerrero E. Intravenous fluid
therapy in renal transplant recipients: results of a US survey.
Transplant  Proc. 2002;34(8):3142-5. [PubMed ID: 12493402].
https://doi.org[10.1016/s0041-1345(02)03593-5.

Suarez |, Busse LW. New strategies to optimize renal haemodynamics.
Curr Opin Crit Care. 2020;26(6):536-42. [PubMed ID: 33044238].
https://doi.org/10.1097/MCC.0000000000000774.

Nephro-Urol Mon. 2024;16(4): €146899


https://brieflands.com/articles/num-146899
http://www.ncbi.nlm.nih.gov/pubmed/28736994
https://doi.org/10.1111/pan.13201
http://www.ncbi.nlm.nih.gov/pubmed/34379843
https://www.ncbi.nlm.nih.gov/pmc/PMC9292670
https://doi.org/10.1111/pan.14271
http://www.ncbi.nlm.nih.gov/pubmed/36879332
https://www.ncbi.nlm.nih.gov/pmc/PMC9990297
https://doi.org/10.1186/s41512-022-00139-5
http://www.ncbi.nlm.nih.gov/pubmed/36344916
https://www.ncbi.nlm.nih.gov/pmc/PMC9641958
https://doi.org/10.1186/s12882-022-02996-0
http://www.ncbi.nlm.nih.gov/pubmed/23743589
https://doi.org/10.1097/MCC.0b013e3283632d46
http://www.ncbi.nlm.nih.gov/pubmed/23953528
https://doi.org/10.1016/j.transproceed.2013.02.124
http://www.ncbi.nlm.nih.gov/pubmed/23351673
https://www.ncbi.nlm.nih.gov/pmc/PMC3555784
https://doi.org/10.1186/2008-2231-20-36
http://www.ncbi.nlm.nih.gov/pubmed/25934992
https://doi.org/10.1093/ndt/gfv098
http://www.ncbi.nlm.nih.gov/pubmed/9787958
http://www.ncbi.nlm.nih.gov/pubmed/9787958
http://www.ncbi.nlm.nih.gov/pubmed/16277739
https://www.ncbi.nlm.nih.gov/pmc/PMC1297616
https://doi.org/10.1186/cc3789
http://www.ncbi.nlm.nih.gov/pubmed/6755828
https://doi.org/10.1097/00007890-198210000-00008
http://www.ncbi.nlm.nih.gov/pubmed/6826732
https://www.ncbi.nlm.nih.gov/pmc/PMC436923
https://doi.org/10.1172/jci110820
http://www.ncbi.nlm.nih.gov/pubmed/27896148
https://www.ncbi.nlm.nih.gov/pmc/PMC5109922
https://doi.org/10.5492/wjccm.v5.i4.235
http://www.ncbi.nlm.nih.gov/pubmed/23757473
https://doi.org/10.1213/ANE.0b013e318293d81e
https://doi.org/10.7759/cureus.18247
http://www.ncbi.nlm.nih.gov/pubmed/15845718
https://doi.org/10.1213/01.ANE.0000150939.28904.81
http://www.ncbi.nlm.nih.gov/pubmed/30924703
https://doi.org/10.1080/00325481.2019.1592360
http://www.ncbi.nlm.nih.gov/pubmed/18635497
https://doi.org/10.1213/ane.0b013e3181732d64
http://www.ncbi.nlm.nih.gov/pubmed/12493402
https://doi.org/10.1016/s0041-1345(02)03593-5
http://www.ncbi.nlm.nih.gov/pubmed/33044238
https://doi.org/10.1097/MCC.0000000000000774

