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Abstract

Background
In the developing world, transplantation is the most common long-term treatment for patients with end-
stage renal disease, but rates and causes of graft failure are uncertain.

Methods
In 2019, in Iraqi Kurdistan, 301 of 871 renal transplant patients had indicated graft biopsies. Outcomes
were followed over the subsequent year of 2020.

Results
The post-transplantation time ranged from one day to 18 years. All donors were living. Approximately
15% of transplants were preemptive. Pretransplant hemodialysis (HD) was twice weekly and less than
one year. The median recipient age was 39 (IQR 28 to 48) years. 5.5% of recipients had previous
transplants; 3.7% had pretransplant donor-speci�c antibodies (DSA). The Kaplan-Meier estimated graft
failure rates for all-cause, return to HD, and death with functional graft (DWFG) were 9.1%, 6.3%, and 2.9%
at one year and 23.8%, 6.3%, and 7.4% at �ve years. The median death-censored graft survival was 15
years. The most frequent biopsy diagnoses associated with graft failure were interstitial �brosis and
tubular atrophy (IF/TA) (23.1%), transplant glomerulopathy (13.7%), and acquired active antibody-
mediated rejection (11.1%). The signi�cant predictors of graft loss were C4d + biopsies (P < 0.01) and
advanced IF/TA (P < 0.001).

Conclusions
These Iraqi patients had estimated graft failure rates similar to the United States (US) Renal Data System
living-donor outcomes reported for the year 2000. The inability to approach recent US graft survivals may
owe to inadequate pretransplant dialysis. Nevertheless, prolonged survival made chronic disorders and
acquired DSA the leading causes of graft failure and is creating a need for second transplants.

Introduction
An estimated 80% of the worlds' noncommunicable diseases, including chronic kidney disease (CKD), is
found in low and middle-income countries [1]. As CKD progresses to end-stage renal disease (ESRD),
developing nations face an increased burden of expensive care. Because of the cost and complexity of
hemodialysis, kidney transplantation is the most frequently used maintenance therapy for ESRD in most
of the world [2, 3]. Historically, high rates of acute rejection and the cardiovascular and infectious
complications of corticosteroid immunosuppression were the principal obstacles to kidney
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transplantation. Over the past four decades, calcineurin inhibitors (CNI) have decreased the frequency
and severity of T cell-mediated rejection (TCMR), and patients can have a reasonably normal lifestyle, at
least in the short-term [2, 3]. In most of the Middle and Near East, the standard practice model screens for
pre-existing donor-speci�c antibodies (DSA) and selects mainly non-sensitized patients for
transplantation [4, 5]. Nephrologists accept chronic allograft changes as generic complications of
engraftment and only recently have recognized the importance of de novo antibody-mediated rejection
(AMR).

CNI-based immunosuppressive regimens have produced a notable improvement in one- and �ve-year
graft survival, but similar gains at ten years and beyond are limited [6, 7, 8]. While cell-mediated rejection
is mostly preventable and treatable, T cell therapies have little in�uence on AMR, and AMR is becoming a
frequent cause of late graft loss [9, 10].

In the modern era of immunosuppression, investigations into the causes of transplant failure initiated by
El Zoghby et al. [7] pointed out that a speci�c diagnosis could usually be assigned to a lost kidney. These
authors found that transplant glomerulopathy (TG) was a common cause of late graft failure, and they
considered TG an alloimmune disorder. Subsequently, The recognition of C4d + and C4d- forms of AMR
lead to the 2017 revision of the Banff Classi�cation of Renal Allograft Pathology [10, 11, 12]. This
classi�cation provides criteria for diagnosing acute and chronic AMR and regards TG as a C4d- antibody
disease [10, 11, 12].

Renal transplantation in Iraq is in transition. Until 2003, Baghdad was the center. War then forced many
surgeons and nephrologists into the north's Kurdish region or out of the country [13, 14]. Most transplant
centers have pretransplant antibody and HLA testing, but the availability of continuous supplies and
expertise in the interpretation of results present challenges. The central government supports the cost of
immunosuppressive therapy, yet �nancial shortfalls are a constant problem that shifts costs periodically
onto the patient and strains compliance. These may be considered de�ciencies in transplant practice, but
they are common in most developing countries. CNI-based immunotherapy has certainly reduced acute
TCMR, but the remaining causes and outcomes of graft dysfunction are not generally appreciated [4, 5].

This study investigates the frequency of transplant biopsy diagnoses and their effects on graft survival in
the middle income but technically still developing country of Iraq.

Material And Methods

Patients and sample collection
The nephrology services of the Kurdish region of Iraq are located in the cities of Dohuk, Erbil (Hawler),
and Sulaimania and serve approximately 5,200,000 people. From January 1 to December 31, 2019, the
services registered 871 renal transplant patients.
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Preemptive transplantation comprised approximately 15% of procedures. For most patients, dialysis was
between two to four months, and for all patients, dialysis was less than one year. The standard dialysis
schedules throughout Iraq are four hours sessions, twice a week. All dialysis is in-center hemodialysis.

All transplants were ABO compatible. Luminex™ microbead assays and Immucor™ kits were used to
screen patients for donor-speci�c antibodies (DSA) and type patients and donors for 51 HLA-A, HLA-B,
and HLA-DR antigens. Virtual cross-matching was performed prior to transplantation. Patients with
pretransplant DSA were treated with ATG, plasmapheresis, and intravenous immunoglobulin and
transplanted when the mean �uorescent intensity of the DSA became undetectable.

The most frequent combination of immunosuppressive therapy was tacrolimus or cyclosporin,
mycophenolate mofetil (MMF), and corticosteroids. Episodes of acute TCMR were treated with
corticosteroids and, if not responsive, with anti-thymocyte globulin (ATG). T cell depletion with ATG was
routinely provided at the time of transplantation.

In 2019, the central renal biopsy laboratory in Sulaimania processed and evaluated 337 kidney allograft
biopsies from 301 patients. Biopsies were performed for the clinical indications of primary nonfunction
(14.1%), deterioration of graft function (77.9%), and proteinuria (7.9%). Recorded patient data consisted
of age, gender, history of diabetes, time post-transplantation, serum creatinine, proteinuria,
immunosuppressive regimen, source of the donor, and the presence or absence of DSA. For biopsied
patients, submission forms indicated compliance with immunosuppression for 252 patients (83.7%) and
noncompliance for 19 patients (6.3%). Compliance was not stated for 30 patients (10.0%).

Patient follow-up

Biopsies
Biopsies were studied by light microscopy in serial sections using hematoxylin and eosin, periodic acid –
Shiff (PAS), Masson trichrome, and Jones periodic acid-methenamine silver stains. Electron microscopy
was not performed on any biopsy. Direct immuno�uorescence (IF) was performed on frozen sections
using �uorescein-conjugated anti-human IgG, IgM, IgA, C3, and C1q (DAKO, Santa Clara, CA). C4d staining
was performed by indirect IF on frozen sections using a monoclonal anti-C4d antibody (Bio-Rad, Inc).

Diagnoses and the semiquantitative scoring of histologic lesions were based on the Banff 2017
Classi�cation of Renal Allograft Pathology [11]. The diagnoses were categorized into acute kidney injury
(AKI), acute TCMR, chronic active TCMR, active AMR, interstitial �brosis and tubular atrophy (IF/TA), CNI
toxicity, recurrent or de novo kidney disease (KD), BK nephropathy, and acute pyelonephritis. Acute TCMR
included borderline rejection. Active AMR was de�ned by the presence of C4d deposition in peritubular
capillaries and included mixed acute TCMR with active AMR. We placed biopsies in the category of
transplant glomerulopathy (TG) when they demonstrated double contour glomerular basement
membranes (GBM) in the absence of C4d peritubular capillary staining after excluding thrombotic
microangiopathy or glomerulonephritis as reasons for the glomerular changes [11]. Acute tubular
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necrosis and histologically normal biopsies for patients with diminished graft function were classi�ed as
AKI. Thirty-six patients had more than one biopsy, with the earliest biopsy being used for the diagnosis.

Statistical procedures
The continuous variables of age, time post-transplant (in months), and serum creatinine were not
normally distributed and are expressed as the median and interquartile range (IQR). Graft failure
estimates used Kaplan Meier functions. All survival consisted of DWFG and HD. Death-censored
outcomes consisted of HD. Proportional differences between discrete variables were analyzed by Chi-
square or Fisher Exact tests. Spearman correlations evaluated the relationships between time of
transplantation and scores for IF/TA and TG. Reverse step-wise logistic regression tested the signi�cance
of the independent variables of age, sex, donor source, IF/TA, C4d positive IF, AKI, and acute TCMR to the
outcomes of HD or DWFG, with variables eliminated if P ≥ 0.10. Differences were considered signi�cant
at P < 0.05. Data analysis used IBM SPSS 26 (Armonk, NY).

Results
Patient demographics

Patient characteristics are summarized in Table 1. Median patient age was 39 (IQR 28-48), with 19.5%
being older than 50 years of age and 1.8% ≥ 65 years old. Recipients were 77.6% male; 6.6% were
diabetic. All donors were living; 16.2% were related; 5.5% of patients were previously transplanted; and
3.7% had pretransplant donor-speci�c antibodies (DSA). Patients were biopsied from one day to 18 years
post-transplant. The median time for biopsy post-transplantation was 150 (IQR 30-940) days.

Table 1: Clinical characteristic of recipients
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Characteristic value

Median age, years 39 (IQR 28-48)

> 50 years old 19.5%

Males 77.6%

Diabetes 6.6%

Living donor 100%

Related donor 16.2%

Serum creatinine at biopsy (mg/dl) 2.0 (IQR 1.6-2.6)

Previous transplant 5.5%

Pretransplant DSA positive 3.7%

Noncompliant 6.6%

Time of biopsy post-transplantation, days 150,  range 1 to 6570

(IQR 30-940)

Maintenance immunosuppression

     CNI (tacrolimus/cyclosporine), MMF, steroid 62.1%

     CNI (tacrolimus/cyclosporine), steroid 37.9%

Indication for biopsy:

     Primary nonfunction 14.1%

     Deterioration of graft function 77.9%

     Proteinuria 7.9%

Abbreviations: Continuous variables of age and serum creatinine and time

of biopsy are expressed as median and interquartile range. IQR, interquartile

range. CNI: calcineurin inhibitor (tacrolimus/cyclosporine); MMF:

mycophenolate mofetil; DSA, Donor-speci�c antibody.

In 2019, 204 patients had biopsies ≤ 365 days after transplantation (early biopsies) and 97 patients after
365 days (late biopsies). The follow-up identi�ed an additional 131 patients from 2019 that were
biopsied in 2020.  The 2020 biopsies used in this study had a median post-transplant time of 1095 (IQR
450 to 2464) days and did not include any specimens from patients transplanted after January 1, 2020.
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Pathology results

Figure 2 shows the distribution of 2019 diagnoses. The most common diagnosis was acute TCMR at
23.1%, followed by AKI at 14.8%, IF/TA at 11.4%, recurrent or de novo KD at 8.6%, TG at 7.6%, and CNI
toxicity at 6.9%. Other speci�c diagnoses occurred at a frequency of less than 4%. Active C4d+ AMR was
diagnosed in 8.6% of patients.

Twenty-three patients were diagnosed with recurrent or de novo KD, and eleven of these 23 were FSGS. All
FSGS occurred in the late biopsy period over a range of 730 to 3650 days.

Nineteen patients were diagnosed with CNI toxicity. In the early biopsy period, CNI toxicity consisted of a
TMA (n=11) or isometric tubular vacuolization (n=1). In the late biopsy period (n=7), CNI toxicity
consisted of IF/TA with nodular arteriolar hyalinosis and sometimes segmental glomerulosclerosis.

Table 2 shows the distribution of diagnoses in early and late biopsies. Most patients with AKI and all
patients with cortical infarction were found in early biopsies. Seventeen percent of AKI was seen after 100
days, and 3% after 12 months. These later AKI biopsies did not show features of CNI toxicity or infection,
and the cause was unknown.

Table 2: Pathological diagnoses in early and late transplant biopsies.

Pathological lesions Early biopsies ≤ one year
(n=204)

Late biopsies > one year
(n=97)

Early vs
Late

P-value

AKI 56 (27.5%) 2   (2.1%) <0.001

Infarction 8   (3.9%) 1   (1.0%) 0.34

Acute TCMR 69 (33.8%) 9   (9.3%) <0.001

AMR C4d+ 17   (8.3%) 9   (9.3%) 0.98

Chronic TCMR 5   (2.5%) 6   (6.2%) 0.22

TG 4   (2.0%) 19 (19.6%) <0.001

IF/TA 13   (6.4%) 23 (23.7%) <0.001

CNI toxicity 12   (5.9%) 7   (9.5%) 0.87

Recurrent or de novo
KD

8   (3.9%) 17 (17.5%) <0.001

Acute pyelonephritis 7   (3.4%) 1   (1.0%) 0.43

BK virus
 nephropathy

5   (2.5%) 3   (3.1%) 0.95
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Abbreviations: TCMR, T cell-mediated rejection; AMR, antibody-mediated rejection; TG, transplant
glomerulopathy; IF/TA, interstitial �brosis/tubular atrophy; AKI, acute kidney

injury; CNI, calcinurin inhibitor; KD, kidney disease.

The frequency of acute TCMR was 34% in the early biopsies compared to 9% in late biopsies, a
signi�cant difference, P<0.001. The median time of biopsy of acute TCMR was 60 days post-
transplantation (IQR 12 to 202 days) but with 14 cases (20%) being diagnosed sporadically at one to 10
years. Acute TCMR tended to be mild, with 76% being classi�ed as grade I tubulointerstitial disease and
26% as grade II cellular rejection with vascular involvement.

Seven acute TCMR patients were noncompliant, and 71 were compliant. The two groups showed no
signi�cant differences in the histologic scores of in�ammation (P=0.12), tubulitis (P=0.59), or vasculitis
(p=0.48), and there was no difference in their rates of graft failure (noncompliant one failure, compliant
11 failures, P=0.17).

Active AMR began to be seen in the �rst year and overlapped with the early �rst year peak of acute TCMR
and AKI (Figure 3). Active AMR was relatively equally distributed between early and late biopsies and
occurred at a frequency of just over 8% of biopsies over a post-transplant period of 10 years.

TG and IF/TA were found mainly in late biopsies or late in the �rst year post-transplantation. Figure 4
compares the frequency of diagnosis of the chronic conditions of TG, IF/TA, chronic TCMR, and recurrent
or de novo KD. The most common diagnoses in the late period were IF/TA at 23.7% and TG at 19.6%, with
a ratio of active AMR to TG of 1:2.4 (42%).

The 2020 biopsies of previously unbiopsied 2019 patients consisted of the following diagnoses with their
median post-transplant times (and IQR): non-speci�c changes, n=6, 1538 days (428-3467); AKI, n=3, 150
days (150-650); Acute TCMR, n=32, 392 days (270-750); active AMR, n=15, 1825 days (750-2555);
Chronic TCMR, n=11, 1825 days (750-2190); TG, n=15, 2555 days (1460-3650); IF/TA, n=20, 2372 days
(836-3293); CNI toxicity, n=5, 548 days (290-923); recurrent or de novo disease, n=14, 1095 days (725-
1460); pyelonephritis, n=6, 730 days (341-2580); BK nephropathy, n=3 (240-750). The 2020 biopsies
re�ect AKI and acute TCMR complicating transplants performed toward the end of 2019 and chronic
conditions that were clinically silent in 2019.

Allograft failures

By the end of 2020, graft failure occurred in 117 patients (Table 3). In the early post-transplant period,
forty-nine grafts were lost, with the most frequent diagnoses being acute TCMR, n=11; AKI, n=8; and
infarction, n=7. After receiving second transplants, two patients with active AMR lost grafts within 7 days
because of pre-existing DSA and hyperacute rejection.

Table 3. Graft failures by diagnosis, age, hemodialysis failure, and post-transplant time to graft loss.
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Diagnosis n (%)

all-cause

n (%)

HD

Patient age

years

Transplant

time days

AKI 8 (6.8) 4 (4.5) 44 (7-50) 16 (7-30)

Infarction 7 (6.0) 5 (5.7) 40 (37-43) 14 (7-22)

Acute TCMR 11 (9.4) 7 (8.0) 38 (34-50) 120 (12-333)

Active AMR 17 (14.5) 16 (18.2) 41 (33-44) 1460 (14-2555)

Chronic TCMR 8 (6.8) 7 (8.0) 41 (33-44) 1245(1003-1909)

TG 16 (13.7) 13 (14.8) 40 (33-50) 2372 (1027-2646)

IF/TA 28 (23.8) 22 (25.0) 41 (30-47) 1552 (548-3102)

CNI toxicity 3 (2.6) 3 (3.4) 62 (51-56) 910 (560-1185)

Recurrent or de novo KD 11 (9.4) 6 (6.8) 36 (29-47) 810 (360-1825)

pyelonephritis 3 (2.6) 2 (2.3) 52 (38-55) 1095 (593-1368)

BK virus nephropathy 5 (4.3) 3 (3.4) 58 (57-64) 365 (340-740)

  117 88 (75.2)    

Values for age and transplant time are for all-cause failure and are expressed as median (interquartile
range). Abbreviations: HD, hemodialysis; DWFG, death with functional graft; AKI, acute kidney injury;
TCMR, T cell-mediated rejection; AMR, antibody-mediated

rejection;  TG, Transplant glomerulopathy; IF/TA, interstitial �brosis and tubular atrophy;

CNI calcineurin inhibitor; KD, kidney disease.

The pathology of graft loss because of acute TCMR was complicated. Three of the eleven patients had a
vasculitis. One patient had a Banff grade IIA acute TCMR on day six that progressed to a TMA with
cortical infarction and HD on day 66 post-transplantation. Another patient had a Banff grade IB acute
TCMR at 365 days that advanced to IF/TA grade III and HD by day 1135. Four of the eleven acute TCMR
failures were DWFG.

Graft loss with AKI presented a similar complicated picture. Four of the eight failures were DWFG. One
patient had graft biopsies showing AKI on days 90 and 120 and then IF/TA grade III requiring HD at 455
days. Another patient with AKI and grade I IF/TA on day 1095 progressed to IF/TA grade III and HD at
1460 days.

In the late period, sixty-eight patients lost grafts. The most common diagnoses were IF/TA, n=28; TG,
n=16; C4d+ active AMR, n=14; and recurrent or de novo KD, n=11. DWFG was responsible for 24.8% of
graft loss and occurred nearly equally in the early (n=15) and late (n=14) post-transplant periods. The
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attributed cause of 13 cases of DWFG, including four COVID-19 cases, was infection (Table 4). Four
patients over 50 years of age had sudden deaths that may have been myocardial.

Table 4. Death with a functional graft by biopsy diagnosis, number of deaths, age, post-transplant time,
and causes of death.

Biopsy diagnosis n Age

years

Post-
transplant

time days

Causes of death

AKI 4 41 (37-
46)

15 (2-108) Infection (2), COVID-19, unk

Infarction 2 26,53 7,42 Infection (2)

aTCMR 4 39 (33-
40)

110 (9-232) Infection, unk (3)

aAMR 1 54 22 Myocardial?

cTCMR 1 47 730 Unk

TG 3 48 (43-
58)

1460 (958-
2007)

COVID-19 (3)

IF/TA 6 50 (28-
53)

970 (609-
1695)

COVID-19, PTLPD, infection, myocardial ?, unk
(2)

Recurrent/denovo
KD

5 38 (36-
41)

420 (240-
2190)

Myeloma, AA amyloidosis, pancreatitis,
myocardial?, unk

Pyelonephritis 1 52 (38-
55)

1095 (593-
1368)

Infection

BK virus
nephropathy

2 58 (57-
64)

365 (340-
740)

Infection, myocardial ?

  29      

For more than two entries, values for age and post-transplant time  are expressed as median (interquartile
range). Abbreviations: HD, hemodialysis; AKI, acute kidney injury; aTCMR, acute T cell-mediated rejection;
aAMR, active antibody-mediated rejection;  cTCMR, chronic T cell-mediated rejection; TG, Transplant
glomerulopathy; IF/TA, interstitial �brosis and tubular atrophy; CNI calcineurin inhibitor; KD, kidney
disease; unk, unknown; PTLD, post-transplant lymphoproliferative disease.

Estimated Iraqi one- and �ve-year failure rates for all-cause, HD, and death are shown in Table 5 together
with the 2000 and 2010 rates for living-donor transplants in the United States (US) reported in the 2017
US Renal Data Service (USRDS) Annual Data Report [19]. The Iraqi data resembles living-donor failure
rates in the US in 2000 for both death and HD. It is notable that death and HD failure rates in both Iraqi
and the US in 2000 are higher than the lowered rates achieved in the US by 2010.
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Table 5: One- and �ve-year living-donor transplant failure rates. Estimated current Iraqi Kurdistan rates
(95% con�dence intervals) are compared with reported United States (US) outcomes in 2000 and 2010
[20].

  One-year graft failure (%) �ve-year graft failure (%)

Site, year All-cause HD Death All-cause HD Death

Iraq, 2019 9.1

(6.5-11.7)

6.3

(4.1-8.5)

2.9

(1.3-4.5)

23.8

(18.7-28.9)

17.7

(12.7-22.5)

7.4

(4.2-10.6)

US, 2000 7.0 5.0 2.6 22.3 15.2 10.6

US, 2010 3.7 2.4 1.4 15.3 9.6 7.3

Abbreviation: HD, hemodialysis

The median Iraqi graft survival for all-cause failures was ten years (95%CI: 8 to 12 years), and the death-
censured median survival was 15 years (95%CI: 11 to 19 years). The length of the post-transplant period
signi�cantly correlated with the severity of IF/TA (Rs=0.770, P<0.001) and TG (Rs=0.464, P<0.001).
Logistic regression (Table 6) showed that IF/TA and C4d positive IF staining signi�cantly predicted HD
but that acute TCMR and AKI did not. DWFG was not signi�cantly related to sex, donor source, IF/TA, TG,
C4d staining, AKI, or acute TCMR.

Table 6. Logistic regression models for hemodialysis graft failure

and death with a functional graft (DWFG).
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Hemodialysis initial model

Variable Odds ratio P-value 95% CI

Age 1.014 0.25 0.991 to 1.037

Sex 0.484 0.04 0.242 to 0.967

Donor source 1.450 0.38 0.635 to 3.312

Acute TCMR 0.413 0.08 0.152 to 1.123

AKI 0.701 0.47 0.270 to 1.821

C4d+ 2.264 0.04 1.044 to 6.576

IF/TA 1.935 0.000 1.375 to 2.719

TG 1.038 0.83 0.731 to 1.476

Hemodialysis �nal model

Sex 0.647 0.16 0.355 to 1.179

C4d+ 3.427 0.01 1.325 to 8.865

IF/TA 2.957 0.000 1.734 to 2.927

DWFG initial model

Age 1.018 0.24 0.988 to 1.049

Sex 0.582 0.25 0.233 to 1.453

Donor source 0.632 0.48 0.178 to 2.246

Acute TCMR 0.492 0.27 0.138 to 1.754

AKI 1.339 0.60 0.453 to 3.962

C4d+ 0.245 0.20 0.029 to 2.090

IF/TA 1.022 0.93 0.639 to 1.633

TG 1.112 0.68 0.672 to 1.843

DWFG �nal model

C4d+ 0.338 0.30 0.044 to 2.586

Abbreviations: TCMR, T cell mediated rejection; AKI, acute

kidney injury; IF/TA, interstitial �brosis and tubular atrophy; TG,

transplant glomerulopathy.
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Discussion
The clinical characteristics of our recipients are similar to previous Iraqi studies with transplanted kidneys
all coming from living donors [4]. Despite the religious fatwa of 1986 (the Amman declaration) that
permits the retrieval and transplantation of deceased donor organs, the numbers of such transplants in
the Middle and Near East, while increasing, remain limited [2, 5, 14].

The universal use of live donors should lessen the promoting effect that prolonged cold ischemia time
has on AKI and acute TCMR [15, 16]. Nevertheless, acute TCMR at 23% of all biopsies was our most
common cause of graft dysfunction. As in Western practices, acute TCMR was generally mild and well
managed [17] and was the attributed cause of just 8.5% of graft loss. Post-transplant AKI was also
usually mild. While AKI and infarction resulted in 12.7% of graft loss, nearly half of that loss was caused
by infarction complicating vascular anastomoses. DWFG comprised one-third of the failures associated
with acute TCMR and half of the failures associated with AKI.

The all-cause graft loss among 2019 transplant patients followed for an average of 19 months was
13.4%, with 24.8% of the loss being DWFG. Infections, either sepsis or pneumonia, were the most frequent
causes of DWFG. The COVID-19 pandemic reached the Kurdish region in March of 2020. In the 2020
follow-up, COVID-19 caused four patient deaths, representing a 2.9% death rate among patients positive
for COVID-19 by molecular testing, a death rate similar to the 3.3% among the COVID-19 positive general
population [18]. We concluded that COVID-19 did not signi�cantly in�uence our transplant survival.

The Iraqi one- and �ve-year transplant failure rates resembled those of US recipients of living-donor
kidneys reported by the USRDS for the year 2000 [19]. While Iraqis did not have an increased risk of
transplant failure compared to the US in 2000, the Iraqi failure rates were much higher than those of the
US in 2010. The substantial decrease in US living-donor failure rates from 2000 to 2010 was a successful
change that might be possible in Iraq, but the factors underlying graft loss in Iraq must be better
understood.

Iraqi patients should ostensibly be at low risk for graft failure. With only 17.6% being more than 50 years
old and 6.6% diabetic, our regional transplant patients are quite different from those on dialysis, where
53% are over 50 years old, and 23% are diabetic [20, 21]. Preemptive transplantation is used for
approximately 15% of Iraqi patients compared to more than 30% of patients receiving living-donor grafts
in the US. Prolonged dialysis before transplantation may have a detrimental effect on graft survival, and
it is suggested that preemptive transplantation may improve outcomes [22, 23].

The adverse effect of dialysis on graft survival is reported from the US, where dialysis is likely to be
optimal, and dialysis centers are regularly monitored for compliance with established standards of
practice [24]. Iraqi transplant candidates are virtually never treated by prolonged dialysis, but the
adequacy of the dialysis they receive is uniformly less than adequate. Because of costs and the di�culty
of maintaining supplies, more than 80% of Iraqi patients are dialyzed just twice weekly. Private dialysis
facilities are being established to supplement public dialysis, but the value is questionable. Prolonged
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private dialysis in preparation for transplantation will add considerably to costs and will be an economic
barrier for many patients.

The estimated median death-censored survival of 15 years is encouraging. The longer patient survival
comes with its own contribution to graft loss, and we see the same shift toward chronic and antibody-
mediated transplant disorders that has occurred in developed countries [6, 7]. Parajuli et al. [8], at the
University of Wisconsin transplant service, retrospectively examined biopsies from 329 patients that
developed graft failure over the years, 2006–2016. They had a highly sensitized population, and active
AMR caused 32% of graft failure. TG at 17% and IF/TA at 13% followed active AMR.

Naesens et al. [25] examined the transplant biopsies of 1,197 patients from the transplant service of the
University Hospital of Leuven, Belgium. The donors were 99% deceased, and 33% of procedures were
repeated transplants. After the second year post-transplantation, IF/TA, TG, and late TCMR were the most
common causes of graft failure, and the severity of IF/TA with any diagnosis correlated strongly with
graft loss. Like Parajuli et al. [8], the Leuven study found an increased frequency of AMR, and AMR
signi�cantly lowered graft survival [25].

Our Iraqi patients have completely different characteristics than those of the Leuven or Wisconsin
transplant services. Yet, we see the same in�uence of AMR, TG, and IF/TA on graft survival. De novo
active AMR was associated with more than 8% of our graft dysfunction in early and late post-transplant
periods, and in the late post-transplant period, active AMR was 42% as frequent as TG. This proportion of
active AMR to TG is similar to the 53% found one year after engraftment in Leuven, with the ratio possibly
re�ecting the comparative risk of TG as a non-complement binding DSA-mediated disease [25, 26].

Because TG is a frequent cause of progressive late graft dysfunction, its management is an important
concern for nephrologists [9, 27, 28]. While the reduction in proteinuria by angiotensin II blockade is the
usual treatment for TG, the recognition that TG may be an alloimmune disease suggests that
immunosuppression, including the use of rituximab, might be effective [12, 28, 29]. Other proposed
factors in TG pathogenesis are NK cell activity and a low-grade TMA [28, 29, 30]. As the methods for
investigating these varying mechanisms evolve, the diagnosis and the treatment of TG will undoubtedly
change.

The diagnosis of IF/TA presents uncertainties equal to TG. IF/TA is the late stage of different pathologies,
and the cause is almost by de�nition obscure [31]. In two of our cases, IF/TA was preceded by AKI, a
relationship recently recognized by Gosset et al. [32]. AKI carries an increased risk of later CKD, and we
have documented the progression of AKI to chronicity in Iraqi community patients and now in transplants
[33, 34, 35]. There is no currently recommended treatment for idiopathic IF/TA, but the recognition of and
intervention in causal events might moderate progression in some cases.

This study has the limitation of estimating complex outcomes over a two-year observation period. In our
situation, we believed that a short period of data collection was the best method for ensuring accuracy.
Centralized record-keeping does not exist in Iraqi or in most low-resource countries [20, 36]. When
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scheduled appointments have not been met, the evaluation of clinical status depends upon mobile
telephone calls to patients or their families. By appointment records or mobile calls, we were able to
achieve a 95% determination rate and are reasonably con�dent in asserting that, for �rst-time recipients
from living-donors, kidney transplant survival in Iraq can approach outcomes in the developed world.

In the foreseeable future, dialysis in most developing countries will remain limited, and transplant-related
ESRD will grow. In low-resource countries, repeat transplantation is likely to remain the principal option
for further long-term survival. For properly managed patients, the outcomes for second transplants can be
as good as those for primary transplants [22]. This success, of course, requires patient selection based
upon donor-recipient compatibility [37, 38]. It may also depend upon adequate pretransplant dialysis.

Conclusions
Di�cult to explain DWFG accounted for one-fourth of Iraqi graft failures. All grafts were from living
donors, with one- and �ve-year death censored survival rates of 93.7% and 82.3%. These rates are only
moderately lower than those reported from the US, and we estimated an encouraging 15-year death-
censured median graft survival. Improvement in outcomes should be possible but will require the
effective management of chronic transplant disorders and a better understanding of the reasons for
DWFG. 
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Table 1: Clinical characteristic of recipients
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Characteristic value
Median age, years 39 (IQR 28-48)
> 50 years old 19.5%
Males 77.6%
Diabetes 6.6%
Living donor 100%
Related donor 16.2%
Serum creatinine at biopsy (mg/dl) 2.0 (IQR 1.6-2.6)
Previous transplant 5.5%
Pretransplant DSA positive  3.7%
Noncompliant  6.6%
Time of biopsy post-transplantation, days 150,  range 1 to 6570

(IQR 30-940)
Maintenance immunosuppression  
     CNI (tacrolimus/cyclosporine), MMF, steroid 62.1%
     CNI (tacrolimus/cyclosporine), steroid 37.9%
Indication for biopsy:  
     Primary nonfunction 14.1%
     Deterioration of graft function 77.9%
     Proteinuria 7.9%

Abbreviations: Continuous variables of age and serum creatinine and time 
of biopsy are expressed as median and interquartile range. IQR, interquartile
range. CNI: calcineurin inhibitor (tacrolimus/cyclosporine); MMF: 
mycophenolate mofetil; DSA, Donor-specific antibody.
 
Table 2: Pathological diagnoses in early and late transplant biopsies.
Pathological
lesions

Early biopsies ≤ one year
(n=204)

Late biopsies > one year
(n=97)

Early vs
Late
P-value

AKI 56 (27.5%) 2   (2.1%) <0.001
Infarction 8   (3.9%) 1   (1.0%) 0.34
Acute TCMR 69 (33.8%) 9   (9.3%) <0.001
AMR C4d+ 17   (8.3%) 9   (9.3%) 0.98
Chronic TCMR 5   (2.5%) 6   (6.2%) 0.22
TG  4   (2.0%) 19 (19.6%) <0.001
IF/TA 13   (6.4%) 23 (23.7%) <0.001
CNI toxicity 12   (5.9%) 7   (9.5%) 0.87
Recurrent or de
novo KD

8   (3.9%) 17 (17.5%) <0.001

Acute
pyelonephritis

7   (3.4%) 1   (1.0%) 0.43

BK virus
 nephropathy

5   (2.5%) 3   (3.1%) 0.95

Abbreviations: TCMR, T cell-mediated rejection; AMR, antibody-mediated rejection; TG,
transplant glomerulopathy; IF/TA, interstitial fibrosis/tubular atrophy; AKI, acute kidney 
injury; CNI, calcinurin inhibitor; KD, kidney disease.
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Table 3. Graft failures by diagnosis, age, hemodialysis failure, and post-transplant time to
graft loss.

Diagnosis n (%)
all-cause

n (%)
HD

Patient age
years 

Transplant
time days

AKI 8 (6.8) 4 (4.5) 44 (7-50) 16 (7-30)
Infarction 7 (6.0) 5 (5.7) 40 (37-43) 14 (7-22)
Acute TCMR 11 (9.4) 7 (8.0) 38 (34-50) 120 (12-333)
Active AMR 17 (14.5) 16 (18.2) 41 (33-44) 1460 (14-2555)
Chronic TCMR 8 (6.8) 7 (8.0) 41 (33-44) 1245(1003-1909)
TG 16 (13.7) 13 (14.8) 40 (33-50) 2372 (1027-2646)
IF/TA 28 (23.8) 22 (25.0) 41 (30-47) 1552 (548-3102)
CNI toxicity 3 (2.6) 3 (3.4) 62 (51-56) 910 (560-1185)
Recurrent or de novo KD 11 (9.4) 6 (6.8) 36 (29-47) 810 (360-1825)
pyelonephritis 3 (2.6) 2 (2.3) 52 (38-55) 1095 (593-1368)
BK virus nephropathy 5 (4.3) 3 (3.4) 58 (57-64) 365 (340-740)
  117 88 (75.2)    

Values for age and transplant time are for all-cause failure and are expressed as median
(interquartile range). Abbreviations: HD, hemodialysis; DWFG, death with functional graft;
AKI, acute kidney injury; TCMR, T cell-mediated rejection; AMR, antibody-mediated 
rejection;  TG, Transplant glomerulopathy; IF/TA, interstitial fibrosis and tubular atrophy; 
CNI calcineurin inhibitor; KD, kidney disease. 
 

Table 4. Death with a functional graft by biopsy diagnosis, number of deaths, age, post-
transplant time, and causes of death.
Biopsy diagnosis n

 
Age

years
Post-

transplant
time days

Causes of death

AKI 4 41 (37-
46)

15 (2-108) Infection (2), COVID-19, unk

Infarction 2 26,53 7,42 Infection (2)
aTCMR 4 39 (33-

40)
110 (9-232) Infection, unk (3)

aAMR 1 54 22 Myocardial?
cTCMR 1 47 730 Unk
TG 3 48 (43-

58)
1460 (958-

2007)
COVID-19 (3)

IF/TA 6 50 (28-
53)

970 (609-
1695)

COVID-19, PTLPD, infection, myocardial
?, unk (2)

Recurrent/denovo
KD

5 38 (36-
41)

420 (240-
2190)

Myeloma, AA amyloidosis, pancreatitis,
myocardial?, unk

Pyelonephritis 1 52 (38-
55)

1095 (593-
1368)

Infection

BK virus
nephropathy

2 58 (57-
64)

365 (340-
740)

Infection, myocardial ?

  29      

For more than two entries, values for age and post-transplant time  are expressed as
median (interquartile range). Abbreviations: HD, hemodialysis; AKI, acute kidney injury;
aTCMR, acute T cell-mediated rejection; aAMR, active antibody-mediated rejection;
 cTCMR, chronic T cell-mediated rejection; TG, Transplant glomerulopathy; IF/TA,
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interstitial fibrosis and tubular atrophy; CNI calcineurin inhibitor; KD, kidney disease; unk,
unknown; PTLD, post-transplant lymphoproliferative disease.

 

 

Table 5: One- and five-year living-donor transplant failure rates. Estimated current Iraqi
Kurdistan 
rates (95% confidence intervals) are compared with reported United States (US) outcomes
in 2000 
and 2010 [20].

  One-year graft failure (%) five-year graft failure (%)
Site, year All-cause HD Death All-cause HD Death
Iraq, 2019 9.1

(6.5-11.7)
6.3

(4.1-8.5)
2.9

(1.3-4.5)
23.8

(18.7-28.9)
17.7

(12.7-22.5)
7.4

(4.2-10.6)
US, 2000 7.0 5.0 2.6 22.3 15.2 10.6
US, 2010 3.7 2.4 1.4 15.3 9.6 7.3

Abbreviation: HD, hemodialysis

 

Table 6. Logistic regression models for hemodialysis graft failure 
and death with a functional graft (DWFG). 

Hemodialysis initial model
Variable Odds ratio P-value 95% CI
Age 1.014 0.25 0.991 to 1.037
Sex 0.484 0.04 0.242 to 0.967
Donor source 1.450 0.38 0.635 to 3.312
Acute TCMR 0.413 0.08 0.152 to 1.123
AKI 0.701 0.47 0.270 to 1.821
C4d+ 2.264 0.04 1.044 to 6.576
IF/TA 1.935 0.000 1.375 to 2.719
TG 1.038 0.83 0.731 to 1.476

Hemodialysis final model
Sex 0.647 0.16 0.355 to 1.179
C4d+ 3.427 0.01 1.325 to 8.865
IF/TA 2.957 0.000 1.734 to 2.927

DWFG initial model
Age 1.018 0.24 0.988 to 1.049
Sex 0.582 0.25 0.233 to 1.453
Donor source 0.632 0.48 0.178 to 2.246
Acute TCMR 0.492 0.27 0.138 to 1.754
AKI 1.339 0.60 0.453 to 3.962
C4d+ 0.245 0.20 0.029 to 2.090
IF/TA 1.022 0.93 0.639 to 1.633
TG 1.112 0.68 0.672 to 1.843

DWFG final model
C4d+ 0.338 0.30 0.044 to 2.586
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Abbreviations: TCMR, T cell mediated rejection; AKI, acute 
kidney injury; IF/TA, interstitial fibrosis and tubular atrophy; TG, 
transplant glomerulopathy. 
 

Figures

Figure 1

Figure 1 provides a �owchart of the patient follow-up with the number of biopsies and graft failures.
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Figure 2

Figure 2 shows the distribution of 2019 diagnoses. The most common diagnosis was acute TCMR at
23.1%, followed by AKI at 14.8%, IF/TA at 11.4%, recurrent or de novo KD at 8.6%, TG at 7.6%, and CNI
toxicity at 6.9%. Other speci�c diagnoses occurred at a frequency of less than 4%. Active C4d+ AMR was
diagnosed in 8.6% of patients.
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Figure 3

Active AMR began to be seen in the �rst year and overlapped with the early �rst year peak of acute TCMR
and AKI (Figure 3).
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Figure 4

Figure 4 compares the frequency of diagnosis of the chronic conditions of TG, IF/TA, chronic TCMR, and
recurrent or de novo KD. The most common diagnoses in the late period were IF/TA at 23.7% and TG at
19.6%, with a ratio of active AMR to TG of 1:2.4 (42%).


