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Introduction. Pulmonary hypertension (PHTN) is a common
complication in patients with chronic kidney disease. Delayed Graft
Function (DGF), on the other hand; is an essential complication after
kidney transplantation. These two complications increase morbidity
and mortality in patients. The effect of PHTN on cardiovascular
and graft blood supply, as well as the same mechanisms underlying
PTHN and DGF; led us to investigate the relationship between them.
Methods. In this retrospective cohort study, 306 patients aged
18 years or older who underwent kidney transplantation at our
center over a 4-year were enrolled. PTHN was diagnosed by trans-
thoracic echocardiography performed by a cardiologist. DGF refers
to the cases where the patient needs dialysis in the first week after
kidney transplantation or if serum creatinine is = 3 mg/dL on
the 5% day after surgery.

Results. The prevalence of PHTN was 43 (14.1%), and the prevalence
of DGF was 80 (26.1%). PHTN was not correlated with age, sex,
duration of dialysis, type of dialysis, and cause of renal failure.
But DGF was associated with the duration and type of dialysis.
DGF was found to be higher in patients undergoing hemodialysis
(P <.05), and patients with a higher mean duration of dialysis
were also more likely to have DGF (P < .05). Also, we concluded
that there was a significant relationship between PHTN and DGF
(P < .05), meaning that patients with PTHN before transplantation
were more likely to develop DFG.

Conclusion. This study found that pre-transplant PTHN is an
independent predictor of DGF in renal transplant patients.
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Pulmonary hypertension (PHTN) is a common
complication in patients with chronic renal failure,?
which increases morbidity and mortality in this
group of patients.>* The prevalence of PHTN
in hemodialysis patients is reported to be 40 to
50%.5° The exact pathogenesis of PHTN in chronic
renal failure patients is unclear, but factors have
been implicated in this complication. Factors such
as oxidative stress and endothelial dysfunction

are among them.” A pulmonary artery pressure
greater than or equal to 25 determined by right
heart catheterization is considered as hypertensive
pulmonary.?

Delayed graft function is one of the major
complications after kidney transplantation and
has been shown in some studies to decrease graft
survival.”!! There is also some evidence that DGF
increases the likelihood of acute graft rejection.!?!?
The prevalence of DGF has been reported in different
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studies ranging from 23 to 34%.1415

One theory is that the factors that increase
pulmonary pressure also cause DGF.!®17 Factors
such as changes in hemodynamic status and
vasoactive factors cause PHTN as well as decreased
blood flow to the transplanted kidney. Given that
hypertension pulmonary can affect cardiac output
and blood supply to the kidney, as well as the
existence of similar mechanisms for these two
conditions, we designed the study to examine the
relationship between the presence of hypertension
pulmonary disease before transplantation and DGF.

In this retrospective cohort, all patients
undergoing kidney transplantation attending
Montaseriyeh Hospital (Mashhad, Iran) and aged18
years or older were enrolled. The study period
was four years long (from March 2016 to March
2019). Patients with graft loss due to technical
problems of surgery, renal vascular thrombosis,
or microangiopathic thrombotic purpura were
excluded. Finally, 306 patients were included in
the study. Patients” data including age, sex, type
of dialysis, duration of dialysis, cause of renal
failure, and type of kidney transplant (cadaveric or
living) were extracted from the patients’ records.

Trans-thoracic echocardiography was performed
by a cardiologist using a single device. Pulmonary
artery pressure based on pulmonary arterial systolic
pressure (PASP) = 35 mmHgwas considered as
PHTN.!8-20

DGF refers to cases where the patient needs
dialysis in the first week after kidney transplantation
or if serum creatinine is > 3 mg/dL on the 5" day
after surgery.!>2!

All patients were treated with a calcineurin
inhibitor (tacrolimus or cyclosporine) and
an antimetabolite (mycophenolate mofetil or
mycophenolate sodium) plus prednisolone. The
primary outcome of this study was to investigate
the possible association between PHTN and DGF
in renal transplant patients.

After entering the data into SPSS-22 software,
statistical analysis was used to describe the
data. Chi-square test was used to investigate the
relationship between qualitative variables and
fissure- Exact test was performed for qualitative
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variables with a frequency less than 2. The 95%
confidence level was considered. P < .05 was found
to be significant. The results of the data collection
were presented as descriptive and analytical
statistics as follows: Descriptive statistics included
mean and standard deviation for quantitative and
frequency variables and percentage of frequency
and tables for qualitative variables. Chi-square test
was used to compare the relationship of PHTN
with qualitative variables such as gender and
type of dialysis and correlation with DGF. Exact
test was used to examine the relationship between
DGF and gender.

All patients undergoing renal transplantation
were enrolled in the Montaseryeh Hospital from
2016 to 2019, with a total of 306 patients enrolled.

According to the inclusion criteria, 306 patients
were enrolled in the study. The mean age of patients
was 37.07 £ 10.9. The duration of dialysis before
transplantation of all patients was 28.43 + 16.93
months. Other demographic information is listed
in Table 1.

It was found that 31 (12.9%) of the patients
undergoing Cadaver transplantation and 12 (18.5%)
of the living transplants had PHTN. There was

Table 1. Baseline Characteristics of the Patients

Patient Characteristics

Sex, n (%)
Female 136 (44.4)
Male 170 (55.6)
Age (mean = SD), y 37.07 £10.9
Type of Dialysis, n (%)
Hemodialysis 269 (87.9)
Peritoneal Dialysis 23 (7.5)
No Dialysis 14 (4.6)
PHTN, n (%) 43 (14.1)
DGF, n (%) 80 (26.1)
Cause of ESRD, n (%)
Diabetes Mellitus 32 (10.5)
Hypertension 65 (21.2)
Vesico-ureteral reflux 14 (4.6)
ADPKD 15 (4.9)
Glomerulonephritis 49 (16)
Unknown 115 (37.6)
Others 16 (5.2)
Donor , n (%)
Living 65 (21.2)
Cadaver 241 (78.8)
Dialysis Duration (mean + SD) , mo 28.43 £ 16.93
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no statistical difference between the two groups
(P > .05).

Patients were divided into two groups according
to their pulmonary artery pressure [group one
PASP = 35 (patients with PHTN) and group two
PASP < 35 (no PH)]. Patients’ characteristics were
not significantly different between the two groups
(Table 2).

Patients were divided into two groups according
to the presence or absence of DGF (group one
patients with DGF and group two patients without
DGEF). Table 3 shows the patients’ characteristics
in these two groups. The only difference between
the two groups was the type of dialysis and the
duration of it. It was found that the probability
of DGF was higher in patients undergoing

Table 2. Characteristics of the Subjects Studied, According to PASP

Variables PASP < 35 mmHg PASP 2 35 mmHg P
PASP, n (%) 263 (85.9) 43 (14.1)
Sex
Female 117 (86) 19 (14) 05
Male 146 (85.9) 24 (14.1) '
Age (mean = SD), y 37.33£10.92 35.26 £10.3 .05
Type of Dialysis, n (%)
Hemodialysis 230 (85.5) 39 (14.5)
Peritoneal Dialysis 21 (91.3) 2(8.7) .05
No Dialysis 12 (85.7) 2 (14.3)
Cause of ESRD, n (%)
Diabetes Mellitus 29 (11.1) 3(7)
Hypertension 57 (21.8) 8 (18.6)
Vesico-Ureteral Reflux 13 (5) 1(2.3)
ADPKD 14 (5.3) 1(2.3) .05
Glomerulonephritis 39 (14.9) 10 (23.3)
Unknown 96 (36.6) 18 (41.9)
Others 14 (5.3) 2(4.7)
Dialysis Duration (mean + SD), mo 28.24 £ 16.97 28.37 £ 14.07 .05
Type of Transplant
Living 58 (81.5) 12 (18.5)
Cadaver 209 (87.1) 31 (12.9) 09
Table 3. Baseline Characteristics of the Subjects Studied, According to DGF
Variables DGF P
No, n (%) Yes, n (%)
228 (73.9) 80 (26.1)
Sex
Female 105 (77.2) 31 (22.8) 05
Male 121 (71.2) 49 (28.8) )
Age (mean + SD), y 36.62 + 10.76 38.39 + 11.26 .05
Type of Dialysis, n (%)
Hemodialysis 193 (71.7) 76 (28.3)
Peritoneal Dialysis 19 (82.6) 4 (17.4) .05
No Dialysis 14 (100) 0 (0)
Cause of ESRD, n (%)
Diabetes Mellitus 22 (9.7) 10 (12.5)
Hypertension 44 (19.5) 21 (26.3)
Vesico-Ureteral Reflux 14 (6.2) 0 (0)
ADPKD 11 (4.9) 4 (5) .05
Glomerulonephritis 34 (15) 15 (18.8)
Unknown 89 (39.4) 26 (32.5)
Others 12 (5.3) 4 (5)
Dialysis Duration (mean + SD), mo 26.75 + 16.87 33.3+16.32 .05
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Table 4. Relationship Between PH and DGF

Variables DGF P
No, n (%) Yes, n (%)
PHTN
No, n (%) 200 (76) 63 (24)
Yes, n (%) 26 (60.5) 17 (39.5) 09

hemodialysis (P < .05), and patients with higher
mean dialysis” duration were also more likely to
have DGF (P < .05). In this study, the relationship
between the type of transplantation and DGF was
also evaluated. Regarding the qualitative nature of
both variables, chi-square test was used again. 69
patients (28.6%) of deceased donor transplantation,
and 11 patients (16.9%) of living donor transplant
patients had primary renal transplant dysfunction.
Given that P > .05, the relationship between these
two variables is close to significant and is expected
to reach P < .05 if the sample size was increased.
The prevalence of PH in patients was 43 (14.1%)
and DGF 80 (26.1%). Finally, the relationship
between PH and DGF were investigated (Table 4).
In the study population, 17 (39.5%) of those
with PHTN had DGF, and 63 (24%) of those with
no PHTN had DGF. It was found that there was
a significant relationship between PHTN before
kidney transplantation and DGF (P < .05).

The study suggested that patients with PHTN
before kidney transplantation were more likely
to have DGF. In ESRD patients, various causes
such as endothelial dysfunction, arterio-venous
fistula, and hypertension may cause pulmonary
hypertension. Endothelial dysfunction results in
disruption of the balance

between vasodilator substances such as nitric
oxide and vasoconstrictor substances such as
endothelin-1 and the presence of AVF increases
cardiac output and increases pulmonary pressure.
Cardiac complications of hypertension, such as left
ventricular hypertrophy, exacerbate the increase
in pulmonary artery pressure.

Changes caused by increased pulmonary pressure
in hemodynamics and vasoactive substances
increase the likelihood of primary graft dysfunction.
One of the causes of DGF is ischemic-reperfusion
injury. Increased vasoconstrictor material such as
endothelin increases the likelihood of this injury.
As mentioned, the amount of vasoconstrictor
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material is high in PH. Therefore, PH patients
are more likely

to develop ischemic-reperfusion injury and,
therefore DGF. The results of this study are similar
to some of the previous studies.?>?* But some studies
have found that PH is not associated with DGF.*
The prevalence of PHTN in our study was 14.1%,
which was less prevalent than other studies in our
study population.>62>2629 The prevalence of DGF
in the present study was 26.1%. In other studies,
the incidence varied between 23 and 34 percent.!>?’
The study found that there was no relationship
between PHTN, sex, age, duration of dialysis,
type of dialysis, and the cause of renal failure.
On the other hand, DGF was not correlated with
sex, age, and cause of renal failure; but dialysis
duration and type before kidney transplantation
were associated with DGF. DGF was found to be
higher in hemodialysis patients than in patients
undergoing peritoneal dialysis, and patients
with longer dialysis duration were more likely
to develop DGF.

In this study, we examined the association
between PHTN before kidney transplantation
with DGF, but the association between PHTN
and DGF with long-term graft survival was not
investigated. Possible mechanisms of PHTN in
patients with renal failure are multi-factorial.
In patients with chronic renal failure, especially
in end stage renal disease (ESRD); the balance
between vasoconstrictor and vasodilator factors is
disturbed. The level of endothelin-land vasodilator
factors decrease. On the other hand, the presence
of hypertension and left ventricular hypertrophy
in these patients increases pulmonary vein
pressure and pulmonary artery pressure. Uremic
toxins and factors such as chronic inflammation,
arterial-venous fistula, and contact with dialysis
membranes cause endothelial dysfunction.”
Disturbance in the hemodynamic status and
changes in the balance of vaso-active factors cause
PHTN and DGEF. It has been found that patients
with DGF have impaired renal micro-perfusion.'®
The presence of PHTN appears to decrease cardiac
output, which in return increases the impairment
of transplanted kidney micro-perfusion and
increases the risk of DGF.?3

It has been suggested that endothelin-1 increases
ischemia-reperfusion injury in the transplanted
kidney and increases the likelihood of DGF.?®
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Therefore, the presence of PHTN may indicate
elevated serum endothelin-1 levels, which is one
of the factors that increase the probability of DGF.
As demonstrated in this study, the presence of
PHTN increases the likelihood of DGF.

One of the strengths of this study is the high
sample size compared to similar studies. On the
other hand, other studies on cadaveric kidney
carriers have been performed; but in our study,
cadaver and living donors with appropriate sample
sizes were selected (cadaver 241 and living 65).

One limitation of this study is that the
diagnosis of PHTN was through trans-thoracic
echocardiography. While accurate diagnosis of
PHTN is by right heart catheterization. However,
as this method is invasive, it may not be possible
in patients undergoing kidney transplantation.
When PHTN is detected by cardiac catheterization,
a pressure of > 25 mmHg is considered as PHTN.
In this study and other studies that measured
pulmonary pressure through trans-thoracic
echocardiography, Pulmonary artery pressure > 35
mmHg was considered PHTN. Even in the presence
of factors such as volume overload, which changes
the pulmonary artery pressure, this pressure also
indicates the presence of PHTN.

Other limitations of this study were the lack of
long-term follow-up and evaluation of the effect
of PHTN on the long-term survival of patients.
Therefore, it is recommended to conduct another
research to evaluate the long-term survival of
patients. Another limitation of this study was that
the severity of pulmonary hypertension was not
measured. It is suggested that another study is
performed to determine the relationship between
the severity of pulmonary hypertension and DGF.
Itis also suggested that another study is conducted
to investigate the effect of kidney transplantation
on PHTN. According to the results of this study,
early detection of ESRD patients with PHTN and
an attempt to resolve underlying causes reduces
the probability of DGF.
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