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Background: ABO-incompatible (ABOi) kidney transplantation poses significant chal-
lenges in achieving successful outcomes. This study aimed to investigate the impact 
of various interventions and techniques on improving the success rates of ABOi kidney 
transplantation.
Methods: We conducted a retrospective observational analysis of patients who un-
derwent ABOi kidney transplantation from November 2012 to March 2023. The study 
included a total of 105 patients. We collected and analyzed data on patient demograph-
ics, preoperative assessments, surgical details, and postoperative outcomes.
Results: The mean ages of the donors and recipients were 50.52±10.32 and 36.63±11.61 
years, respectively. The majority of recipients were male (81.9%), while most donors 
were female (89.5%). The most common blood group among recipients was O (69.5%), 
and among donors, it was B (46.7%). The median durations of chronic kidney disease 
and dialysis were 12 months (interquartile range [IQR], 7–28 months) and 6 months (IQR, 
2–12 months), respectively. Baseline antibody titers (anti-A and anti-B) ranged from 
64.0 to 256.0, while on the day of surgery, they were ≤8. Perioperative complications in-
cluded hypotension (10.5%), acute tubular necrosis (5.7%), delayed graft function (3.8%), 
and reexploration (3.8%) due to hematoma.
Conclusions: ABOi kidney transplantation is a viable option for recipients lacking avail-
able donors with an ABO-compatible match. Perioperative concerns, including hypo-
albuminemia, heightened risk of infections, coagulopathies, aseptic precautions, and 
immunological surveillance, must be carefully addressed.
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INTRODUCTION

Historically, ABO incompatibility between a living kidney 
donor and the recipient was considered a contraindication 
for kidney transplantation [1]. However, advancements in 
immunosuppression and desensitization protocols over 
recent decades have made ABO-incompatible (ABOi) kid-
ney transplantation a viable option for individuals with 
end-stage kidney disease [2].

ABOi kidney transplantation requires careful consid-
eration and thorough planning to ensure the success of 
the procedure and to minimize complications during the 
perioperative period [3,4]. This approach demands close 
collaboration among the transplant team, blood bank, and 
immunology specialists, highlighting the need for a multi-
disciplinary strategy.

Different aspects of perioperative management, such 
as desensitization protocols, monitoring, optimization 
of immunosuppressive regimens, and management of 
antibody-mediated rejection, have become active areas 
of research. Specifically, preparing the recipient for ABOi 
transplantation through various desensitization protocols 
adds complexity to their perioperative care and increases 
the risk of complications, presenting daily challenges for 
anesthesiologists in transplant units. A thorough under-
standing of these key aspects of perioperative manage-
ment can enhance surgical outcomes and improve the 
quality of life for these patients [5]. Previous studies on 
perioperative outcomes in ABOi kidney transplantation 
have yielded varied conclusions across different geo-
graphic regions. Our study focused on the ABOi kidney 
transplantations performed at our tertiary care center and 
aimed to provide insights into this under-researched area, 
drawing on our experience.

METHODS

This retrospective observational study was conducted 
with approval from the Institutional Ethics Committee of 
Mahatma Gandhi Medical College and Hospital (No. MG-
MC&H/IEC/JPR/2023/1543, dated 19/05/2023). Informed 
consent was waived due to the retrospective nature of the 
study. 

We included 105 ABOi recipients who underwent kid-
ney transplantation at our institute from November 2012 
to March 2023. The medical records of these patients, 
including preanesthesia checkups, intraoperative anes-
thesia and surgery notes, and postoperative charts, were 
thoroughly examined to collect perioperative data.

Preoperative demographic characteristics—including 
age, sex, duration of chronic kidney disease, duration of 
hemodialysis/peritoneal dialysis, presence of an arterio-
venous fistula, and whether the donor was live or cadav-
eric—along with comorbidities such as hypertension, di-
abetes mellitus, pulmonary tuberculosis, hypothyroidism, 
and chronic obstructive pulmonary disease, were retrieved 
from patient records. Laboratory parameters, including 
blood tests, kidney and liver function tests, coagulation 
parameters, and serum biochemistry, were also collect-
ed. In the anesthesia approach, drugs were administered 
for both induction and maintenance. Intraoperative data, 
including ischemia times (warm, cold, and rewarming), 
requirements for intravenous fluids, albumin, blood, and 
blood loss, were reviewed. Perioperative complications, 
such as arrhythmias, psychosis, pulmonary edema, hy-
poglycemia, hypotension, acute rejection, acute tubular 
necrosis (ATN), delayed graft function (DGF), and reexplo-
ration due to hematoma, were recorded from operating 
room and post-kidney transplant unit notes.

Statistical Analysis
Statistical analysis was conducted using Prism GraphPad 
for Mac, ver. 8 (GraphPad Software). Data were present-
ed as mean±standard deviation. The unpaired t-test was 
used to compare continuous variables, while the chi-
square test or Fisher exact test was used for categorical 
values. Survival analysis was performed using the Ka-
plan-Meier method, and group comparisons were made 
using the log-rank test. A P-value <0.05 was considered 
statistically significant.

HIGHLIGHTS

•	ABO-incompatible kidney transplant is a viable option 
for recipients without access to compatible donors.

•	Perioperative concerns include hypoalbuminemia, co-
agulopathies, and increased risk of infections.

•	Aseptic precautions and immunological surveillance 
require careful attention.
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RESULTS

From November 2012 to March 2023, our center per-
formed a total of 1,700 kidney transplants, including 
ABO-compatible, ABOi, paired, human leucocyte anti-
gen-incompatible, and deceased donor grafts (Fig. 1).

In our study population, the average age of recipients 
was 36.63±11.61 years, compared to 50.52±10.32 years 
for donors. The majority of recipients were male (81.9%), 
while most donors were female (89.5%). The most com-
mon blood group among recipients was O (69.5%), and 
among donors, it was B (46.7%). Among the patients, 11 
(10.5%) received preemptive transplants, and four (3.8%) 
had undergone a previous kidney transplant. The median 
duration of chronic kidney disease and dialysis was 12 
months (interquartile range [IQR], 7–28 months) and 6 
months (IQR, 2–12 months), respectively. Among donors, 
67 (63.8%) were first-degree relatives, and 38 (36.2%) 
were second-degree relatives. Among recipients, seven 
(6.7%) had a history of previous pregnancy, and 16 (15.2%) 
had a history of previous blood transfusion. The recorded 
comorbidities among recipients included hypertension 
(90.5%), diabetes mellitus (8.6%), hypothyroidism (3.8%), 
and pulmonary tuberculosis (11.4%) (Table 1).

On the day of the transplant, the mean blood urea 
level was 114.21 mg/dL, and the serum creatinine level 
was 10.27 mg/dL. Coagulation parameters, including 
thromboelastography, were within the normal range. The 
baseline antibody titer (anti-A and anti-B) ranged from 
64 to 256, but on the day of surgery, it decreased to ≤8. 
The median number of plasmapheresis cycles required to 
achieve the target isoagglutinin titer was 4, ranging from 
3 to 6. Additionally, the median number of units of fresh 
frozen plasma (FFP) transfused was 20, with a range of 
16 to 26 (Table 2).

Immunosuppression and Anti-infective Prophylaxis 
Protocol
Recipients of ABOi transplants received a single 200 mg dose 

of rituximab approximately 21 days prior to the scheduled 
transplantation. Antibody removal was achieved through 
plasmapheresis conducted on alternate days, aiming for 
a 1:8 immunoglobulin G antibody titer before the kidney 
transplantation. One week before the transplant, patients 
began taking oral tacrolimus (0.05 mg/kg in two divided 
doses) and mycophenolate sodium (720 mg twice daily). 

1,700 Total kidney transplants

21 Deceased
donor

1,434 ABOc 105 ABOi 124 Paired 16 HLAi

Fig. 1. Study design. ABOc, ABO-compatible; ABOi, ABO-incompatible; 
HLAi, human leukocyte antigen-incompatible.

Table 1. Demographic variables of donors and recipients
Variable Value (n=105)

Recipient age (yr) 36.63±11.61
Donor age (yr) 50.52±10.32
Recipient sex
   Male 86 (81.9)
   Female 19 (18.1)
Donor sex
   Male 11 (10.5)
   Female 94 (89.5)
CKD (mo) 12.0 (7–28)
Dialysis vintage (mo) 6.0 (2–12)
Preemptive transplants 11 (10.5)
Recipient ABO blood group
   O 73 (69.5)
   A 18 (17.1)
   B 14 (13.3)
   AB 0
Donor ABO blood group
   O 0
   A 27 (25.7)
   B 49 (46.7)
   AB 29 (27.2)
Previous kidney transplantation 4 (3.8)
Previous pregnancy 7 (6.7)
Previous blood transfusion 16 (15.2)
First-degree relative donor 67 (63.8)
Second-degree relative donor 38 (36.2)
Recipient comorbidities
   Hypertension 95 (90.5)
   Diabetes mellitus 9 (8.6)
   Hypothyroidism 4 (3.8)
   Pulmonary tuberculosis 12 (11.4)
Recipient’s AV fistula 70 (66.7)
Graft’s GFR (mL/min/1.72 m2) 45.0 (43–53)
Values are presented as mean±standard deviation, number (%), or median 
(interquartile range). 
CKD, chronic kidney disease; AV, arteriovenous; GFR, glomerular filtration 
rate.
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The target tacrolimus trough level before the transplant 
was set at 8–12 ng/mL. During the intraoperative phase, 
a 500 mg dose of intravenous methylprednisolone was 
administered. Additionally, basiliximab (20 mg) was used 
as an induction agent on the day of surgery and again on 

postoperative day 4. Immediately following the transplant, 
oral prednisolone was initiated at a dosage of 40 mg/day, 
which was gradually tapered to 20 mg/day by the time of 
discharge.

The mean warm ischemia time, cold ischemia time, 
and rewarming ischemia time were 3.11, 49.83, and 43.15 
minutes, respectively. The average intraoperative blood 
loss was approximately 300 mL. Only seven patients (6.7%) 
required an intraoperative blood transfusion, while albumin 
was administered to 44 patients (41.9%) due to low preop-
erative values. The intraoperative requirements for normal 
saline and balanced salt solution were 1,050 mL and 865 
mL, respectively (Table 3). The perioperative complications 
observed included arrhythmias, psychosis, pulmonary 
edema, hypoglycemia, hypotension, acute rejection, ATN, 
DGF, and reexploration due to hematoma (Fig. 2).

DISCUSSION

Over the past few decades, the landscape of ABOi kidney 
transplantation has seen significant developments. Ini-
tially considered a contraindication, ABOi transplantation 
now accounts for up to one-third of kidney transplants 
in countries such as Japan [6]. This growing popularity 
is due to a better understanding of the immunological 
mechanisms behind hyperacute rejection, the phenom-
enon of accommodation, and the introduction of newer 
immunosuppressive medications. These advancements 
have not only led to successful outcomes but have also 

Table 2. Recipients’ laboratory parameters on the day of surgery
Parameter Value

Hemoglobin (g/dL) 9.44±1.90
Blood urea (mg/dL) 114.21±49.26
Serum creatinine (mg/dL) 10.27±13.40
Serum albumin (g %) 3.43±0.92
PT (sec) 11.79±0.90
aPTT (sec) 29.29±2.27
INR 1.04±0.11
Fibrinogen (mg/dL) 250.59±70.82
Thromboelastography
   Reaction time (min) 5.20±1.93
   Clotting time (min) 1.66±0.61
   Alpha angle (°) 65.02±7.30
   Maximum amplitude (mm) 64.31±6.61
   Lysis at 30 minutes (%) 0
Anti-A antibody titer
   Baseline 128 (128–256)
   Final 8 (8–16)
Anti-B antibody titer
   Baseline 128 (64–256)
   Final 8 (4–8)
Median FFP transfused (unit) 20 (16–26)
Median plasmapheresis cycles 4 (3–6)

Values are presented as mean±standard deviation or median (range).
PT, prothrombin time; aPTT, activated partial thromboplastin time; INR, 
international normalized ratio; FFP, fresh frozen plasma.

Table 3. Intraoperative data
Variable Value

WIT (min) 3.11±0.49
CIT (min) 49.83±13.06
RWIT (min) 43.15±10.86
PRBC 7 (6.7)
Albumin 20% 44 (41.9)
Blood loss (mL) 299.24±110.89
Balanced salt solution (mL) 865±544
Normal saline (mL) 1,050±509

Values are presented as mean±standard deviation or number (%).
WIT, warm ischemia time; CIT, cold ischemia time; RWIT, rewarming 
ischemia time; PRBC, packed red blood cell.

73 No complication

2 AF

1 Psychosis
1 Pulmonary edema

1 Hypoglycemia

11 Hypotension

2 Acute rejection

6 ATN

4 DGF

4 Reexploration

Fig. 2. Perioperative complications. AF, atrial fibrillation; ATN, acute tubu-
lar necrosis; DGF, delayed graft function. 
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broadened the scope of kidney transplantation in ABOi 
cases.

In India, the limited scope of the deceased donor pro-
gram—attributable to factors such as insufficient public 
awareness, social and cultural taboos, disinterest among 
local organizations, and inadequate recognition and man-
agement by caregivers—coupled with the lack of nation-
al-level registry data, has led to a heightened recognition 
of ABOi transplantation as a viable alternative in recent 
years.

One of the major factors affecting ABOi kidney trans-
plants in developing countries, such as India, is the lim-
ited donor pool, which predominantly consists of female 
donors. ABOi kidney transplantation can expand the 
pool of potential donors by enabling organ transplants 
across blood group barriers [7]. The removal of anti-
bodies against donor antigens is essential to prevent 
hyperacute rejection and ensure a successful outcome. 
Some well-established techniques used globally include 
plasma exchange, double filtration plasmapheresis, rit-
uximab, splenectomy, and immunoadsorption. However, 
the overall expenses may increase significantly depend-
ing on the chosen therapy [8]. The duration and type of 
antibody reduction protocol may vary among transplant 
centers, which can influence postoperative graft survival. 
Nonetheless, the benefits of these procedures, in terms of 
improved patient outcomes and an expanded donor pool, 
outweigh the costs.

At our center, recipients undergo plasmapheresis to 
achieve the desired antibody titer of 1:8 (anti-A and/or 
anti-B). Plasmapheresis results in a significant loss of 
serum proteins, which necessitates replacement with 
substantial volumes of either FFP or albumin. Hypopro-
teinemia, the removal of protective antibodies during 
plasmapheresis, and the administration of FFP increase 
the risk of perioperative infections [9,10]. Despite the high 
susceptibility to bacterial, viral, and fungal infections 
during surgery, ABOi recipients may not show typical clin-
ical signs and symptoms of infection, such as fever or an 
increased white blood cell count, due to intense immuno-
suppression. Therefore, stringent aseptic precautions are 
crucial during transplantation, and invasive procedures 
should be minimized [11].

Sometimes, there is inadequate time to optimize recip-
ients in the preoperative period, and we must accept them 
in suboptimal conditions due to the high risk of titer re-
bound if the procedure is postponed. It is well-known that 
plasmapheresis leads to the depletion of fibrinogen and 

other clotting factors [12], which can increase the risk of 
perioperative bleeding and complications related to blood 
transfusions. To restore blood volume, leukodepleted 
packed red blood cells from the same blood group should 
be transfused, and coagulopathies can be addressed with 
FFP (either donor-specific or AB group), which lacks anti-
bodies against the donor antigen [13].

Effective pain management during the perioperative 
period is crucial for kidney transplants to reduce compli-
cations and improve recovery outcomes. In ABOi kidney 
transplants, additional precautions are necessary when 
employing neuraxial pain control techniques such as 
epidural, intrathecal, or fascial plane blocks, due to the 
increased risk of hematoma associated with coagulation 
abnormalities [14,15]. Conducting additional tests, such 
as a thromboelastogram when available, can be beneficial 
to identify any preexisting coagulopathy on the day of 
surgery, thereby minimizing risks [16].

The limitations of our study include its retrospective 
nature, the short duration of follow-up, and the absence 
of a comparative group. ABOi kidney transplantation is 
a viable option for recipients who lack available donors 
with an ABO-compatible match. Perioperative concerns, 
including hypoalbuminemia, heightened infection risk, 
coagulopathies, aseptic precautions, and immunological 
surveillance, must be carefully addressed.
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