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Abstract
Proteinuria is a significant complication affecting renal transplant recipients. It is linked to cardiovascular events,
a premature death and graft loss. The prevalence of proteinuria is close to 40% of renal transplant recipients per
year. The causes of proteinuria are multiple: glomerular disease, anti-HLA class II antibodies, various medications and
tubulointerstitial disease of the graft. It is very important to evaluate the cause of proteinuria, to reduce proteinuria and
cardiovascular risk.
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Introduction
Proteinuria is very common non-specific sign of the renal allograft
injury. In kidney transplant recipients, the prevalence of proteinuria
varies substantially and ranges between 11% and 45%. It depends on
criteria for proteinuria definition and partly on the time passed after
the transplant procedure [1]. Majority of the authors investigated
proteinuria 1 year after kidney transplantation. In studies with a
diagnosis of proteinuria as a high content of protein (exceeding 2-3 g/d),
the prevalence varied from 12.1% to 13.7% [2,3]. When the cutoff value
exceeded 1g/d, the prevalence of post-transplant proteinuria ranged
from 7.5% to 40% [4,5]. The highest prevalence of post-transplant
proteinuria up to almost 50% was when the classic threshold for
proteinuria (>150 mg/d) was used [6]. Proteinuric patients have worse
graft survival and mortality rates in comparison with non-proteinuric
patients. Proteinuria also increases risk of cardiovascular events [4,7,8].
Plenty of data suggest that proteinuria is associated with up to four
times increased risk for graft failure [9]. Roodnat et al. showed in their
study that the risk for death increased by 16% (95% Confidence Interval
[CI] 8 to 26%) for each 1.0 g/d increase in proteinuria [8].
Proteinuria is frequently seen immediately after transplantation.
The reason can be the native kidney or the allograft, probably as a
consequence of the ischemia-reperfusion injury. Proteinuria falls after
successful kidney transplantation within few weeks. The residual or late
proteinuria represents graft injury.
There are two main mechanisms which can cause proteinuria
after kidney transplantation: an inadequate reabsorption of small
proteins from proximal tubular cells and an increased passage
of albumin or protein with higher molecular weight. The types
and amounts of proteins appearing in the urine may indicate the
specific transplant injury or pathologic condition. In post-transplant
glomerular disease the proteinuria usually is nonselective with a high
urinary immunoglobin G (IgG)/albumin rate [10]. IgG is a highmolecular-weight protein (150 kd) that is not filtered in glomerulus
under physiologic conditions because of pore width. By appearing
in urine it reflects the intense glomerular injury and impairment of
membrane selectivity [11]. Proteinuria exceeding 1.5 g/d is a feature
suggestive of glomerular disease as well [12]. High levels of proteinuria
are associated with transplant glomerulopathy, recurrent or de novo
glomerulonephritis, focal glomerulosclerosis caused by chronic
calcineurin inhibitors toxicity [13]. Low-grade proteinuria up to 0.5
g/d would reflect tubular compartment injury. The diminished tubular
reabsorption affects various low-molecular-weight proteins (21-kd
retinol-binding protein, 12-kd β-2 microglobulin). The reasons of
tubular proteinuria are acute rejection, ischemia-reperfusion injury,
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nephrotoxic agents (certain antibiotics, antiviral drugs). The Spare-theNephron trial showed that sirolimus significantly increases proteinuria
in comparison with calcineurin inhibitors [14]. The two types of
proteinuria are interrelated. Glomerular damage may impact tubular
interstitium and tubulointerstitial changes may create glomerular
lesions. In advanced forms of transplant disease mixed (tubular and
glomerular) patterns of proteinuria are frequently found [15].

How to Monitor Proteinuria?
The 2009 Kidney Disease: Improving Global Outcomes (KDIGO)
clinical practice guideline on the care of the kidney transplant recipient
recommended to measure urine protein excretion at least once
within the first month after transplantation, every 3 months during
the first year and annually later on. For the new-onset proteinuria or
unexplained nephrotic proteinuria renal allograft biopsy should be
performed. Proteinuria and albuminuria can be quantified with a 24hour collection or by using spot urine collections (Albumin-Creatinine
Ratio (ACR) or Protein-Creatine Ratio (PCR)). KDIGO suggest that
ACR and PCR are reasonable screening tests in the renal transplant
recipients. The positive tresholds for proteinuria have been established
to be >250 (men) or >355 (women) mg/g by ACR and >200 mg/g by PCR
[16]. The KDIGO guidelines recommend monitoring of proteinuria
as part of routine transplant follow-up. Any positive screen should
be confirmed by a 24-hour urine collection. For the daily practice the
above recommendations mean that regular monitoring of the amount
of proteinuria at all follow-up visits is very important. Twenty-four
hour urine protein excretion is the gold standard for quantitative
protein assessment. If the 24 h urine collection is problematic, the
urinary protein/creatinine (mg/g) ratio assessed in‘spot’ urine is an
excellent surrogate, as it has proved to have an excellent correlation
with the protein content of a 24-h urine collection [17]. The KDIGO
also suggest biopsy for unexplained proteinuria >3 g/d.

Kidney Transplant Biopsy Pathology in Proteinuria
Several studies have reported allograft pathology findings in
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patients with proteinuria. Lopez et al. in their study reported that the
most common pathology was glomerular disease (51%) including
transplant glomerulonephropathy, glomerulonephritis and diabetic
nephropathy [7]. Most of patients had more than one histological lesion,
including interstitial fibrosis and tubular atrophy, which was present in
85% of the biopsies. The therapeutic measures after biopsy stabilized
renal function and reduced proteinuria. Transplant glomerulopathy
is characterized by specific morphological changes such as layering
of capillary basement membranes, identified by light microscopy as a
duplication of the glomerular basement membrane (Figure 1). Typically
it leads to proteinuria and is usually associated with a poor prognosis
for kidney graft survival. Transplant glomerulopathy is widely accepted
as the principal manifestation of chronic antibody-mediated rejection,
mostly with HLA antigen class II antibodies. Lopez et al. showed in
the other study that transplant glomerulopathy is frequently associated
with worsening renal function and the development of high-grade
proteinuria [18].

How to Manage Proteinuria?
In many causes, in particular for transplant glomerulopathy and
chronic antibody-mediated rejection, no effective treatment is available.
Usually treatment of proteinuria is symptomatic. The antiproteinuric
measures available for several native kidney diseases may be applied to
transplant kidney patients with proteinuria [9]. These measures should
include Blood Pressure (BP) control (to systolic pressure <130 mmHg).
The most important aim of proteinuria’s treatment is to avoid glomerular
hypertension. The renin-angiotesin system’s inhibitors (RAS) are very
A

effective in minimizing microalbuminuria and proteinuria in kidney
transplant recipients. The benefit of Angiotensin-Converting Enzyme
Inhibitors (ACEIs) or an Angiotensin II Receptor Blockers (ARBs) for
the reduction of proteinuria in the kidney transplant population has
been shown in several clinical trials. In 2003 Omoto et al. reported a
significant reduction in post-transplant proteinuria exceeding 50%
of baseline levels by ARB candesartan in doses of 4 to 12 mg/d [19].
Recent large scale SECRET study (n=502) published by Philipp et al.
again showed a significant decrease of proteinuria in the candesartan
group compared to the placebo group [20].
A meta-analysis of 21 randomized controlled trials comparing an
ACEIs or ARBs with a control arm using placebo or another active
medication has been published in 2007 [21]. The study included
1549 kidney transplant recipients. The median follow-up time was
27 months. Among the 21 studies analyzed, 4 trials included results
on proteinuria. In all of these 4 studies a significant decline of this
parameter has been reported [21]. However, the question remains
whether proteinuria reduction by ACEIs or ARBs translates into a
measurable benefit in terms of an increase in graft and patient survival.
This has not yet been demonstrated in properly designed clinical
trials. Thus, the blockade of the RAS with ACEIs or ARBs may reduce
proteinuria, but the long-term effect of these agents on patient and
graft survival remains to be evaluated in future studies [22-25]. In
addition, RAS modulation besides that provided by ACEIs and ARBs
may be beneficial. Further blockade could be provided by direct renin
inhibition (aliskiren). ACE2 activation might be another therapeutic
strategy [24]. Patients taking ACEIs or ARBs must be monitored for
the toxicity of immunosuppressive drugs, anemia, hyperkalemia,
allograft dysfunction, cough and angioedema [23].
In addition, treatment of vitamin D analogs seems to have a
beneficial antiproteinuric effect through down regulating renin
synthesis. Various therapies that reduce or inhibit the progression
of renal fibrosis are being investigated as strategies to decrease
proteinuria. Promising results have been obtained with pentoxifylline,
and antifibrotic agents, but further studies are awaited to confirm these
preliminary results [24].

B

Figure 1: Chronic transplant glomerulopathy with double contours and
thickening of glomerular capillary walls, (A) PAS and (B) methamine-silver
stain.
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Other measures to reduce proteinuria in kidney transplant
recipients should include lipid control, preferably with a statin, nicotin
cessation and body weight reduction [26-28]. Also, proteinuric patients
should be adviced to consume a diet with a moderate protein and low
sodium content. For high-risk groups, such as patients with chronic
kidney disease, a sodium intake of not exceeding 1.5 g (∼70 mmol/
day) is advocated [29]. Mean daily sodium intake in kidney transplant
recipients exceeds current international guidelines. This finding has
been shown in several previous reports with a mean 24-h urinary
sodium excretion rates of 178 and 224 mmol/24 h, respectively [30,31].
The recent data show that even a modest reduction in dietary sodium
intake may be very beneﬁcial in kidney patients [32]. High dietary
sodium is related to increased albuminuria [33]. It also may decrease
the anti-proteinuric benefits of RAS blockade [34]. There are just a
few studies published in 1990s, which investigated the effect of dietary
protein restriction in reducing post-transplant proteinuria. It has been
shown a significant reduction in proteinuria with protein restriction of
0.55 or 0.70 g/kg/d [16]. However, there are no data about impact of
dietary protein restriction on long-term kidney function or allograft
survival and overall nutritional status of renal transplant recipients.
The safety of protein restriction as a therapeutic mean still waits to be
assessed in future studies before it could be recommended.
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Conclusions
Residual proteinuria is a significant complication and an
independent risk factor for graft and recipient survival. Proteinuria after
kidney transplantation can occur as a consequence of allograft injury
(acute rejection, delayed graft function, chronic allograft nephropathy),
use of mTOR inhibitors or as recurrent kidney disease (amyloidosis,
focal
segmental
glomerulosclerosis,
membranoproliferative
glomerulonephritis, diabetic nephropathy). Kidney biopsy helps to
recognize the etiology of proteinuria. The most common pathology
is glomerular disease. However, in contrast to native kidney disease
patients, proteinuric kidney transplant recipients have more
transplant-related lesions such as allograft nephropathy, transplant
glomerulopathy or acute rejection. ACEIs and ARBs significantly
reduce proteinuria in the kidney transplant population. Lipid control,
dietary sodium reduction, nicotin cessation and weight loss all are an
important part of post-transplant proteinuria management.
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