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Introduction: Persistent chronic hypotension affects 5–10% of dialysis patients. It seems to be reversible

after receiving a functioning graft, but data regarding its influence on transplant outcomes are scarce. We

analyze the evolution of patients with chronic hypotension in dialysis who undergo kidney transplantation

at our center.

Methods: A retrospective observational study was conducted. Sixty-six patients with chronic hypotension

(defined as systolic blood pressure # 100 mm Hg at the time of transplantation) were identified. A control

group of 66 non-hypotensive patients was assigned. The evolution of both groups was compared.

Results: Hypotensive patients had higher rates of primary non-function (18.2% vs. 6.1%; P ¼ 0.03) mainly

due to venous thrombosis of the allograft, worse renal function at the end of follow-up (eGFR of 35 mL/

min/1.73 m2 vs 48 mL/min/1.73 m2, P ¼ 0.001) but there was no statistical difference in graft survival after

censoring for primary non-function. After multivariable adjustment, chronic hypotension remained an

independent predictor factor for graft failure (adjusted HR of 2.85; 95% CI: 1.24–6.57; P ¼ 0.014). Use of

vasoactive drugs and anticoagulation in hypotensive patients was associated with 7.1% of venous graft

thrombosis compared to 17.3% in those with no intervention (P ¼ 0.68). Receiving a functioning graft

implied blood pressure normalization in patients with chronic hypotension.

Conclusion: Chronic hypotension in dialysis has a negative impact on short-term kidney transplant out-

comes but a lower impact on long-term results. It is reversible after receiving a functioning graft. Identi-

fying this subgroup of patients seems crucial to implement measures aimed at improving transplant

results.
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P
ersistent chronic hypotension, defined as SBP
< 100 mm Hg that is sustained between dialysis

sessions,1 affects approximately 5% to 10% of patients
on dialysis. It is more prevalent among patients on
hemodialysis for a prolonged period of time. This he-
modynamic condition is associated with high
morbidity and has a negative impact on the quality of
life of patients who suffer from it. Hypotensive patients
frequently experience dizziness, asthenia, and weak-
ness during the interdialytic period, symptoms that are
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exacerbated during dialysis sessions, hindering an
adequate ultrafiltration and dialysis dose, together with
a higher rate of vascular access complications such as
arteriovenous fistulas thrombosis.2,3 Besides, several
epidemiologic studies have linked low predialysis
blood pressure with a higher mortality risk.4,5

The pathophysiology of persistent chronic hypoten-
sion is unknown. In most patients, there is no effective
hypovolemia, structural heart disease, liver cirrhosis,
dysautonomia, or adrenal insufficiency that justifies low
blood pressure; and the underlying cause remains un-
identified after a wide and systematic investigation.
Chronic hypotension seems to be mediated by a decrease
in peripheral vascular resistance with a preserved car-
diac output, caused by functional and nonstructural
changes, because high vascular compliance is evident.
The uremic and proinflammatory environment would
Kidney International Reports (2024) 9, 1742–1751
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favor an overproduction of vasodilator agents (nitric
oxide, adrenomedullin) followed by an increased sym-
pathetic response and renin-angiotensin-aldosterone
system activation, but without a sufficient effector
response due to downregulation of adrenergic and
angiotensin II receptors.2,3,6,7

In addition, baroreceptor dysfunction induced by
uremia itself could contribute to the increased basal
sympathetic activity in these patients, making it diffi-
cult to achieve a greater compensatory response in a
situation of low blood pressure.3

There is no effective pharmacologic intervention for
this complication. Midodrine, an oral a1 adrenergic
agonist, has been used for this purpose based on small
series and case reports, with diverse and discrete re-
sults.8-10

Most importantly, receiving a functioning graft
seems to reverse persistent chronic hypotension.
Several cases or series of patients with persistent hy-
potension have reported the normalization of blood
pressure after kidney transplantation.1,10-12 Therefore,
renal transplantation seems to be the only effective
solution for persistent chronic hypotension in dialysis.
However, this hemodynamic circumstance could make
it difficult to perform a successful transplant. Data
regarding the influence of this hemodynamic condition
on kidney transplantation are scarce. Some studies
suggest a deleterious effect of persistent chronic hy-
potension on kidney transplant outcomes, finding an
association with a higher risk of delayed graft function
(DGF) and PNF, and a lower death-censored graft sur-
vival in a subgroup of patients.13-15

In this study, we analyze the evolution of patients
with persistent chronic hypotension in dialysis who
underwent kidney transplantation at our center.
METHODS

Patients

We conducted a retrospective observational study, in
which we evaluated 2308 consecutive kidney trans-
plants performed at the Hospital Doce de Octubre be-
tween 2004 and 2020. We identified 66 patients with
“chronic hypotension” or “persistent hypotension” in
their medical history who had SBP # 100 mm Hg, not
on antihypertensive treatment, at the time of trans-
plantation (on a single reading, the day of hospital
admission before transplant).

A control group of 66 nonhypotensive patients was
assigned. For each hypotensive case we used as control
(1:1), whenever possible, the other kidney recipient
from the same donor to minimize the impact of donor
source on transplantation outcomes (n ¼ 38). For the
rest of cases (n ¼ 28), in which the contralateral kidney
Kidney International Reports (2024) 9, 1742–1751
was discarded or sent to another transplant center
without it being possible to obtain information on its
evolution, we selected as control the nearest trans-
plantation in time, with the same type of donor
(donation after brain death or donation after circula-
tory death or living donation] and similar age (� 5
years old).

This study was conducted according to the Decla-
ration of Helsinki. Institutional review board statement
was waived because this study involved retrospective
review of patient charts, the information was recorded
by the investigator in a way that the identity of the
human subjects could not be ascertained directly or
through identifiers linked to the subjects, the investi-
gator did not contact the subjects, and the investigator
would not reidentify subjects.

The clinical and research activities being reported
are consistent with the Principles of the Declaration of
Istanbul as outlined in the “Declaration of Istanbul on
Organ Trafficking and Transplant Tourism.”

Use of Vasoactive Drugs and Anticoagulation

Fourteen patients with chronic hypotension were
treated with vasoactive drugs and prophylactic anti-
coagulation after kidney transplantation. The aim was
to improve graft perfusion, and thus minimize the risk
of acute tubular necrosis and graft thrombosis, even-
tually avoiding the PNF of the graft.

Use of vasoactive drugs and anticoagulation to pre-
vent thrombosis-associated PNF was implemented on
an individual basis by the treating physician and not
based on a standard protocol.

Noradrenaline was initiated in the immediate post-
transplant period to achieve mean arterial pressure $
70 mm Hg and SBP $ 100 to 110 mm Hg. Low-
molecular weight heparin (enoxaparin 20–40 mg sub-
cutaneous per day) was administered from day 2 or day
3 after transplantation depending on the individual
risk of bleeding. Both were maintained until graft
function was observed.

Aims and Outcomes
Primary End Point
The primary end point was to compare the evolution of
both groups in terms of PNF; graft thrombosis; delay in
graft function; serum creatinine at months 1, 3, 6, 12
and at the end of follow-up; and renal graft survival.

Secondary End Points
The effectiveness of vasoactive drugs and anti-
coagulation in preventing venous graft thrombosis (and
therefore PNF) was evaluated in a subgroup of hypo-
tensive patients (n ¼ 14). Blood pressure evolution after
successful kidney transplantation among patients with
chronic hypotension was also analyzed. In addition, we
1743
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assessed pretransplant and posttransplant factors pre-
dicting renal graft survival.

Follow-Up and Data Collection

The baseline (at the time of presentation) and follow-up
data were collected retrospectively from medical re-
cords following a uniform protocol and included
recipient, donor, and transplantation variables. All
unexplained renal dysfunction episodes were evaluated
by renal biopsy and classified based on Banff criteria
valid at that time (2003–2019)16-23 and were treated
according to histologic findings.

Definitions

PNF was defined as permanent lack of graft function
from the time of transplantation that led to the
continuation of chronic dialysis or retransplantation.

DGF was defined as the need for dialysis during the
first week after renal transplantation. Graft survival
was defined as the absence of end-stage renal disease.
End-stage renal disease was defined as an estimated
glomerular filtration rate < 15 ml/min per 1.73 m2

(Chronic Kidney Disease Epidemiology Collaboration
equation) or a need for chronic dialysis.

Immunosuppressive Treatment

Patients received immunosuppressive regimen
following our center protocol. All patients were treated
with a triple drug regimen of glucocorticoids, tacroli-
mus, and mycophenolic acid or azathioprine as main-
tenance therapy. Induction was made with
antithymocyte globulin in hyperimmunized recipients
or those with a previous transplant, and anti-CD25
monoclonal antibody was used in living donors and
those with extended criteria to reduce anticalcineurin
exposition. Patients with a donor after circulatory
death also received antithymocyte globulin, delaying
the introduction of anticalcineurin until functional
graft recovery.

Statistical Analysis

Continuous variables were expressed as mean � SD.
Categorical variables were shown as absolute and
relative frequencies (percentage). Two-sample com-
parisons were performed with the use of the c2 test or
the nonparametric Fisher exact test for categorical
variables, as appropriate. The t-test or Wilcoxon rank-
sum test were used for continuous variables, as
appropriate. Kaplan-Meier survival analysis was used
to assess the time to reach end-stage kidney disease,
and differences between groups (hypotensive patients
vs. control) were compared by using the log-rank test.
Cox proportional hazards models were used to analyze
risk factors associated with kidney graft failure, using a
backward stepwise process. The selection of covariates
1744
in multivariable models was based on univariate asso-
ciations and biologic plausibility. All P-values were 2-
tailed and a value < 0.05 was considered as criteria for
statistical significance. Analyses and plots were per-
formed using STATA version 12.1 (StataCorp, College
Station, TX).
RESULTS

Study Population

A total of 122 patients were included in the study, 66
hypotensive patients and 66 controls. Baseline charac-
teristics of graft recipients are presented in Table 1.
The mean recipient age was 55 years and there was
male predominance (63.6%). Glomerulonephritis, hy-
pertension or nephroangiosclerosis, chronic interstitial
nephropathy, and diabetes were the most common
causes of end-stage renal disease.

When comparing both groups (hypotensive patients
and controls), there were no differences in the recipient
age or gender, the cause of end-stage renal disease, the
presence of diabetes, or the dialysis modality. How-
ever, patients with chronic hypotension had been on
dialysis for a longer period of time compared to non-
hypotensive patients (65.7 vs. 57.9 months; P ¼ 0.014);
they had, more often, a history of arteriovenous fistula
thrombosis (35.4% vs. 13.6%; P ¼ 0.004); and there
were more patients in the hypotensive group who had
received previous transplant(s) (40.9% vs. 22.7%; P ¼
0.025), but with this not implying a significant greater
prevalence of hyperimmunization.

Baseline characteristics of donors and trans-
plantation are shown in Table 2. No differences be-
tween both groups were observed. The mean donor age
was 54 years and mean serum creatinine was 0.88 mg/
dl. Regarding the source of kidneys, the vast majority
(80.3%) came from donation after brain death followed
by donation after circulatory death (15.2%) and LD
(4.5%). Cold ischemia time was 18.6 hours.

Patients With Chronic Hypotension

The cause of hypotension remained unknown in most
cases. Only 2 patients had structural heart disease that
could contribute to chronic hypotension: one patient
had rheumatic heart disease with mild-to-moderate
tricuspid regurgitation, and another one suffered
from idiopathic dilated cardiomyopathy with a left
ventricular ejection fraction of 50% without associated
valvular disease. Six patients had a history of adrenal
insufficiency, and 5 of them were under hormone
replacement therapy (fludrocortisone � hydrocorti-
sone), with low blood pressure persisting despite this
treatment. No patient was receiving midodrine at the
time of transplantation.
Kidney International Reports (2024) 9, 1742–1751



Table 1. Graft recipients baseline characteristics in both groups
Baseline Hypotensive patients (n [ 66) Controls (n [ 66) P-value

Age, yr (mean � SD) 54.4 � 13.7 56 � 13.1 0.50

Gender (males), n (%) 39 (59.1%) 45 (68.2) 0.28

Cause of ESRD, n (%) 0.63

Chronic interstitial nephropathy 13 (19.7) 6 (9.1)

Glomerulonephritis 11 (16.7) 10 (15.3)

Hypertension 9 (13.6) 11 (16.7)

Diabetic nephropathy 5 (7.6) 11 (16.7)

Polycystic kidney disease 7 (10.6) 9 (13.6)

Vesicoureteral reflux 3 (4.5) 3 (5.8)

Renal aplasia/ hypoplasia 2 (3.8) 4 (6.1)

Lupus 1 (1.5) 0 (0)

Others 7 (10.6) 2 (3.8)

Unknown 7 (10.6) 8 (12.1)

Presence of diabetes 11 (16.7) 15 (22.7) 0.39

Dialysis modality (hemodialysis / peritoneal dialysis/ both), n (%) 55 (83.3) / 3 (4.5) / 7 (10.7) 43 (65.2) / 17 (25.8) / 4 (6.1) 0.06

Months on dialysis 65.7 57.9 0.014

History of AVF thrombosis, n (%) 23 (35.4) 9 (13.6) 0.004

Antiphospholipid syndrome, n (%) 1 (1.5) 0 (0)

History of previous transplants, n (%) 27 (40.9) 15 (22.7) 0.025

Hyperimmunized patients, n (%) 13 (19.7) 9 (13.6) 0.35

Blood type, n (%) 0.59

A 30 (45.4) 23 (34.8)

B 5 (7.6) 8 (12.1)

AB 4 (6.1) 5 (7.6)

O 27 (40.9) 29 (43.9)

Pretransplant BP, mm Hg (mean � SD)

Systolic 90.4 � 9.9 139.2 � 21.1 <0.001

Diastolic 56.9 � 11.7 80.2 � 14.6 <0.001

Pretransplant hematocrit, % (mean � SD) 39.9 � 5.5 38.6 � 5.3 0.152

AVF, arteriovenous fistula; BP, blood pressure; ESRD, end-stage renal disease.
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Short-Term Outcomes

DGF was significantly more frequent in patients with
chronic hypotension than those in the control group
(85.9% vs. 53.2%; P < 0.001) (Table 3). Hypotensive
patients presented a higher rate of PNF, which was
seen in 12 of 66 hypotensive patients (18.2%) compared
to 4 of 66 patients (6.1%) in the control group (P ¼
0.03). This PNF was mainly due to venous thrombosis
Table 2. Donor and transplantation baseline characteristics in both
groups

Baseline

Hypotensive
patients
(n [ 66)

Controls
(n [ 66) P-value

Donor age, yr (mean � SD) 54.5 � 16.2 53.8 � 16.2 0.80

Donor gender males, n (%) 33 (50) 39 (59.1) 0.41

Donor serum creatinine, mg/dl (mean � SD) 0.90 � 0.51 0.85 � 0.39 0.52

Cold ischemia time, h (mean � SD) 18.5 � 6.2 18.7 � 6.8 0.85

Type of donor, n (%) 1

DBD 53 (80.3) 53 (80.3)

EC-DBD 27 (40.9) 28 (42.4) 1

DCD 10 (15.2) 10 (15.2)

Living donor 3 (4.5) 3 (4.5)

Number of HLA mismatches (mean � SD) 4.1 � 1.2 4 � 1.4 0.554

DBD, donation after brain death; DCD, donation after circulatory death; EC-DBD,
donation after brain death with expanded criteria; HLA, human leukocyte antigens.

Kidney International Reports (2024) 9, 1742–1751
of the allograft, present in 10 hypotensive patients
(15.2%) and in 2 patients in the control group (3%),
(P ¼ 0.015). In the remaining cases, PNF was explained
by biopsy-proven acute tubular necrosis (observed in 2
hypotensive patient) or acute antibody-mediated
rejection (which occurred in 2 control patients)
(Table 3).

Long-Term Outcomes
Renal Function
Patients with chronic hypotension had significantly
worse serum creatinine and estimated glomerular
filtration rate at 1 month after transplantation
compared to controls (2.7 mg/dl vs. 1.7 mg/dl; P <
0.001 and 33 ml/min vs. 45 ml/min, P ¼ 0.006,
respectively). This difference was no longer statisti-
cally significant from month 3 after transplantation but
became significant again at the end of follow-up, with a
mean estimated glomerular filtration rate of 35 ml/min
in the hypotensive group compared to 48 ml/min in the
control group (P ¼ 0.001). (Table 3, Figure 1)

Renal Survival
Patients with chronic hypotension had a mean graft
survival of 81 months, which was significantly lower
1745



Table 3. Outcomes

Outcomes

Hypotensive
patients
(n [ 66)

Controls
(n [ 66) P-value

Delayed graft function, n (%) 45 (85.9)a 33 (53.2)b <0.001

Primary nonfunction, n (%) 12 (18.2) 4 (6.1) 0.03

Venous thrombosis of the renal allograft 10 (15.2) 2 (3) 0.015

Acute AMR 0 (0) 2 (3) 0.45

ATN 2 (3) 0 (0) 0.45

Serum creatinine, mg/dl (mean � SD)

1 mo 2.7 � 2.0 1.7 � 0.7 <0.001

3 mo 1.8 � 0.8 1.6 � 0.5 0.04

12 mo 1.6 � 0.6 1.5 � 0.5 0.20

Last follow-up 2.7 � 2 1.7 � 0.9 0.001

eGFR, ml/min per 1.73 m2, (mean � SD)

1 mo 33 � 19 45 � 20 0.006

3 mo 42 � 18 48 � 19 0.11

12 mo 46 � 17 50 � 17 0.16

Last follow-up 35 � 21 48 � 20 0.001

Acute Rejection 12 (18.2) 14 (21.2) 0.5

AMR 1 (1.5) 3 (4.5)

ACR 11 (16.7) 11 (16.7)

Borderline 4 (6) 5 (7.6)

Renal survival, yr (mean � SD) 0.008

1 yr 78.6 90.8

3 yr 73.6 90.8

5 yr 61.6 87.1

8 yr 61.6 82.6

Renal survivalc, yr (mean � SD) 0.061

1 yr 94.4 96.7

3 yr 88.3 96.7

5 yr 78.1 92.9

8 yr 74 88

Graft failure at the end of follow-up, % 32.3 13.6 0.013

Deaths, n (%) 4 (6.1) 7 (10.6) 0.33

Follow-up, mo (mean � SD) 42 � 36 49 � 35 0.19

ACR, acute cellular rejection; AMR, antibody-mediated rejection; ATN, acute tubular
necrosis; eGFR, estimated glomerular filtration rate.
aPrimary nonfunction in 12 patients.
bPrimary nonfunction in 4 patients.
cRenal survival censored by primary nonfunction.
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than the 105 months observed in control patients
(P ¼ 0.022). One, 3, 5 and 8-year graft survival was
significantly worse in hypotensive patients (78.6%,
73.6%, 61.6%, and 61.6%, respectively vs. 90.8%,
90.8%, 87.1%, and 82.6% in control group; P ¼ 0.008)
(Table 3, Figure 2). There were differences when graft
survival was censored for patient death (77.5%, 73.8%,
71.1%, and 67.1%, respectively in hypertensive pa-
tients vs. 90.2%, 90.2%, 86.6%, and 82%, respectively
in control group). When graft survival was censored by
PNF, this difference was no longer significant (Table 3,
Figure 2). The mean follow-up period was similar in
both groups (42 � 36 months in hypotensive patients
vs. 49 � 35 months in controls; P ¼ 0.19)

Acute Rejection
There were 26 biopsy-proven episodes of acute rejec-
tion (19.5%) (Table 3). Acute rejection episodes are
1746
described in Supplementary Table S1. Incidence of
acute rejection was similar in both groups, with 12
events (18.2%) in 10 patients in the hypotensive group
compared to 14 episodes in controls (21.2%) (P ¼ 0.5).
There was 1 episode of acute antibody-mediated
rejection among the hypotensive patients and 3 epi-
sodes in the control group, despite the more common
history of previous transplants in the hypotensive
group. Acute rejection resulted in graft loss in 2 pa-
tients, both from the control group.

Impact of Chronic Hypotension on Graft

Survival

The incidence of graft failure at the end of follow-up in
patients with chronic hypotension was higher than in
controls (32.3% vs. 13.6%; P ¼ 0.013). Chronic hy-
potension was the only factor associated with kidney
graft failure on univariable analysis. Patients with
chronic hypotension who received a kidney transplant
had a significantly higher risk of graft failure with a
hazard ratio of 2.77 (95% confidence interval: 1.22–
6.26; P ¼ 0.01). After multivariable adjustment for
recipient as well as donor and transplantation charac-
teristics, chronic hypotension remained an indepen-
dent predictor factor for kidney graft failure (adjusted
hazard ratio of 2.85; 95% confidence interval:1.24–
6.57; P ¼ 0.014). (Table 4)

Use of Vasoactive Drugs and Anticoagulation in

Hypotensive Patients

Noradrenaline and prophylactic enoxaparin were
administered to 14 patients with chronic hypotension,
from the immediate posttransplant period until graft
function was observed. With this intervention, there
was only 1 patient with venous graft thrombosis out of
14 (7.1%), compared to 9 venous graft thrombosis
among the 52 hypotensive patients with no interven-
tion (17.3%), although this difference did not reach
statistical significance (P ¼ 0.67) (Figure 3).

Evolution of Blood Pressure in Hypotensive

Patients After Receiving a Functioning Graft

Patients with chronic hypotension who received a
functioning graft experienced a normalization in their
blood pressure. This phenomenon was observed from
the first week after kidney transplantation and per-
sisted during follow-up (Figure 4a). Moreover, 28 pa-
tients who were hypotensive in dialysis (representing
more than a half of those with a functioning graft in the
group with chronic hypotension) had become hyper-
tensive during the first year after transplantation and
were receiving a median number of 1.5 antihyperten-
sive drugs (range 1–5) at that point. On the contrary,
there were no significant blood pressure changes in the
Kidney International Reports (2024) 9, 1742–1751



Follow-up: 45 ± 36 months

1 month 12 months3 months Last
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Figure 1. Evolution of serum creatinine in both groups.
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control group before and after transplantation
(Figure 4b), or changes in the number of antihyper-
tensive drugs (median number ¼ 1; range: 0–5).
DISCUSSION

Persistent chronic hypotension is not an uncommon
complication in patients on chronic dialysis, which is
associated with high morbidity and mortality, and has
no effective pharmacologic treatment. Its influence on
transplant outcomes has been barely explored even
Figure 2. Renal graft survival in both groups; (a) renal graft survival, (b)
nonfunction.

Kidney International Reports (2024) 9, 1742–1751
though it seems to have a detrimental effect on kidney
transplantation results.

In a retrospective study designed to identify risk
factors for DGF, which occurred in 8.8% of the patients,
pretransplantation systolic pressure < 120 mm Hg was
linked to a 3-fold increased risk of DGF.13 In our study,
chronic hypotension defined as pretransplantation
SBP < 100 mm Hg was associated with 85.9% of DGF.
Unlike the precedent study (with an optimal cohort of
young recipients with related living donors), our study
is more in line with usual practice. Fifty-seven percent
composite of graft failure and death, and (c) censored by primary

1747



Table 4. Univariate and multivariate analysis for predictor of kidney graft failure
Variable Univariable analysis: HR P-value Multivariable analysis: adjusted HR P-value

Age of recipient, per 10 yr 1.10 (0.83–1.45) 0.51

Male gender 1.07 (0.51–2.27) 0.86

Age of donor, per 5 yr 3.24 (0.97–10.90) 0.057 1.15 (0.99–1.32) 0.055

Dialysis modality 0.34

Peritoneal dialysis 1.00 (Reference)

Hemodialysis 2.56 (0.60–10.8)

Both 2.09 (0.29–14.85)

Time on dialysis, per yr 1.01 (0.94–1.09) 0.73 1.07 (0.97–1.18)

History of thrombosis 1.42 (0.63–3.25) 0.41

History of previous transplants 0.55 (0.22–1.35) 0.17 0.40 (0.12–1.33) 0.13

Chronic hypotension 2.77 (1.22–6.26) 0.01 2.85 (1.24–6.57) 0.014

Delayed graft function 1.22 (0.38–4.01) 0.73

Vasoactive drugs þ anticoagulation use 1.21 (0.36–4.04) 0.75

HLA mismatches 1.15 (0.86–1.53) 0.33

Type of donor 0.60 0.10

LD 1.00 (Reference) 1.00 (Reference)

DBD 0.72 (0.17–3.13) 0.38 (0.08–1.73)

DCD 1.00 (0.21–4.85) 0.63 (0.13–3.17)

Early acute rejection 1.68 (0.68–4.13) 0.28

Late acute rejection 0.50 (0.07–3.71) 0.45

Infection 1.89 (0.41–8.62) 0.41

DBD, donation after brain death; DCD, donation after circulatory death; HLA, human leukocyte antigens; HR, hazard ratio; LD, living donor.
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of our recipients’ grafts came from donation after brain
death with expanded criteria or donation after circula-
tory death, which are donation sources more prone to
HYPOTENSIVE GROUP 
n=66 

Vasoactive drugs +
Prophylactic anticoagulation

14 pa ents 52 pa ents

THROMBOSIS KIDNEY GRAFT

1 pa ent
(7.1%)

9 pa ents
(17.3%)

Yes No

Figure 3. Use of vasoactive drugs and anticoagulation in the im-
mediate posttransplant period.
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present basally DGF. The mean cold ischemia time was
almost 19 hours. These 2 factors could explain the
higher rates of DGF in our cohort, even in the control
group, which reached 53%. Chronic hypotension has
also been associated with PNF. Webber et al. found that
mean arterial pressure during the 3 months before
transplantation was an independent risk factor for PNF.
The risk was the highest in patients with mean arterial
pressure#80 mm Hg, with an odds ratio for PNF of 4.32
compared to those with mean arterial pressure >100
mm Hg.14 Consistent with this observation, our study
confirms a higher rate of PNF in patients with chronic
hypotension. PNF was observed in 12 of 66 hypotensive
patients (18.2%), which is 3 times more frequent than
PNF in the control group. However, contrary to Web-
ber’s study (with 67% of PNF explained by persistent
acute tubular necrosis), increased incidence of PNF in
the present study was mainly due to venous graft
thrombosis (10 of 12) and not due to acute tubular ne-
crosis (2 of 12). Hypercoagulability was discarded in
these patients; thus, graft thrombosis seems to have
been directly mediated by reduced renal flow secondary
to low blood pressure.

More recently, Dolla et al. performed a retrospective
study identifying chronic hypotension as an indepen-
dent risk factor for DGF, which was associated with a
lower death-censored graft survival in those hypoten-
sive patients who received a kidney transplant from a
donor aged >50 years.15

In our study, chronic hypotension was associated
with lower death-censored graft survival and worse
Kidney International Reports (2024) 9, 1742–1751



Figure 4. Evolution of blood pressure after kidney transplantation; (a) in the hypotensive group, and (b) in the control group.
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renal function at the end of follow-up, and this hemo-
dynamic condition remained an independent predictor
factor for kidney graft failure after multivariate analysis.

However, it is very important to emphasize that the
worse renal survival observed in our patients with
chronic hypotension was determined mainly by the
higher rate of PNF due to graft venous thrombosis in
the immediate posttransplant period. When graft sur-
vival was censored by PNF, differences between hy-
potensive and control groups were no longer
significant. Ultimately, once the immediate period after
transplantation was surpassed and primary function
was reached, transplant results were practically com-
parable to nonhypotensive patients.

Receiving a successful kidney transplant seems to be
the only effective and definitive treatment for chronic
hypotension in patients on dialysis. In this regard, only
small series or case reports have described chronic
hypotension reversibility after kidney transplantation.
Muscroft et al. described a series of 8 patients with
dialysis-associated hypotension, 4 of whom had severe
persistent hypotension who underwent renal trans-
plantation. Blood pressure normalized rapidly after
graft function was established, suggesting the role of
soluble mediators produced or excreted by the trans-
planted kidney. They point out the unlikely implica-
tion of tacrolimus, which was started 4 days after
transplantation without a preoperative increase in
blood pressure.1 Our study is the first to widely eval-
uate blood pressure evolution in a larger cohort of
hypotensive patients and confirm the resolution of
hypotension after receiving a functioning graft.
Therefore, although it is essential to consider this he-
modynamic circumstance in pretransplant evaluation,
this should not be an absolute contraindication because
the transplant itself supposes its solution.

Finally, this subgroup of patients could benefit from
therapeutic measures to improve their short-term
transplant evolution, and therefore equate their
Kidney International Reports (2024) 9, 1742–1751
outcomes with those of nonhypotensive patients. Our
data suggest a possible beneficial effect from vasoactive
drugs and prophylactic anticoagulation initiated in the
immediate posttransplant period, although the small
cohort size probably did not permit achieving statisti-
cal significance. Prospective studies are needed to
evaluate the efficacy of this type of intervention.

The present study has several strengths. To the best
of our knowledge, this is the largest study (n ¼ 66)
investigating short-term and long-term effects of
chronic hypotension on transplant outcomes and
demonstrating its reversibility after achieving graft
function. Furthermore, case-control matching was
designed to minimize the impact of other factors related
to organ source on transplant outcomes. In addition, it
is the first one to propose an intervention aimed at
improving results.

However, our study also has all the limitations
inherent to retrospective analysis. Moreover, choosing
SPB # 100 mm Hg as hypotension threshold has limi-
tations in handling a continuous variable, as a recent
study demonstrates its low sensitivity in predicting
DGF.24 The number of hypotensive patients undergo-
ing preventive measures (vasoactive drugs and anti-
coagulation) was relatively small, which limits the
statistical power to detect associations. In addition, the
decision for these interventions was not fully stan-
dardized in advance, thereby introducing a possible
bias. The small cohort size could also have influenced
the absence of difference in graft survival after
censoring for PNF, due to statistical power lack.

In conclusion, patients with chronic hypotension in
dialysis have worse transplant outcomes than patients
without this condition, determined by higher rates of
PNF due to venous thrombosis of the allograft.
Nevertheless, if the graft does not suffer thrombosis
and primary function is achieved, long-term renal
survival seems comparable to that of nonhypotensive
patients. Chronic hypotension reverses in those
1749
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patients with a functioning graft. Prospective studies
are needed to evaluate possible interventions, such as
the use of vasoactive drugs and anticoagulation, aimed
to ameliorate transplant results in this subgroup of
patients.
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