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Loin pain-hematuria syndrome associated with thin glomerular
basement membrane disease and hemorrhage into renal tubules
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Loin pain-hematuria syndrome associated with thin glomerular base-
ment membrane disease and hemorrhage into renal tubules. Loin pain-
hematuria (LPH) syndrome is a poorly understood disorder in which the
patients, mainly young women, experience unexplained severe chronic
unilateral or bilateral flank pain associated with gross and/or microscopic
hematuria. By contrast, thin glomerular basement membrane (GBM)
disease is generally thought to be a benign disorder, affecting males and
females equally, in which the major manifestation is asymptomatic micro-
scopic hcmaturia. Herein we describe seven patients (6 females, 1 male) in
whom thin GBM appeared to be the cause of the LPH syndrome. The
gross hematuria in these patients could be attributed to thin GBM disease
because the renal biopsy demonstrated red cells in renal tubules (indicat-
ing glomerular hematuria) and the only glomerular abnormality present
was thin GBM. In addition, the other causes of gross hematuria were
excluded by appropriate testing. The flank pain in these patients might
also have been the result of their thin GBM disease. This is suggested by
renal biopsy findings of multiple renal tubules filled with red cells,
apparently occluding the tubules. We suggest that occlusion of a relatively
small fraction of renal tubules could cause renal pain if back-leak of
glomerular filtrate occurred that was of sufficient magnitude to expand
renal parenchymal volume and stretch the renal capsule. Preliminary
observations suggest that treatment with the angiotensin converting
enzyme (ACE) inhibitor enalapril importantly reduces the frequency and
severity of the episodes of gross hematuria and flank pain in most patients.
ACE inhibition might decrease glomerular hemorrhage in patients with
thin GBM by decreasing glomerular hydrostatic pressure. We conclude
that (1) Thin GBM disease can be the cause of gross hematuria,
apparently as a result of rupture of thin GBM. (2) Rupture of thin GBM
resulting in hemorrhage into renal tubules may be the cause of the flank
pain and gross hematuria in some patients with the LPH syndrome.

tients with this disorder have shown severe atherosclerosis in the
areuate, lobular, and interlobar arteries [7, 8]. The presence of
this arterial disease is unexpected because of the youth of most of
these patients. Renal biopsy specimens sometimes also show C3
deposits in arterioles [2, 6, 9, 10]. Various coagulation abnormal-
ities have also been reported in association with the LPH syn-
drome. These include increased platelet factor III, plasma sero-
tonin, platelet aggregates, and fibrinopeptide A levels [11]. In
addition, the plasma of these patients may not normally support
prostacyclin production by endothelial cells in culture [8].

It has been suggested that in some LPH syndrome patients,
microinfarcts of the kidney may be the cause of the renal pain and
hematuria [12]. The infarcts could be the result of arterial
thrombotic episodes induced by coagulation abnormalities or
vasospasm [12]. Despite these pathologic findings, patients with
the LPH syndrome are not thought to develop progressive loss of
kidney function [12].

In contrast to LPH syndrome, thin GBM disease involves males
and females equally, and is generally thought to be a benign
disorder manifested mainly by microscopic hematuria [13].
Herein we provide evidence that thin GBM may also be a cause of
the LPH syndrome.

Methods

Patient population

LPH syndrome is a poorly understood disorder in which the
patients, mainly young women, experience severe chronic, unilat-
eral or bilateral flank pain and microscopic or gross hematuria
[1—11]. The usual causes of flank pain and hematuria (urolithiasis,
obstructive uropathy, pyelonephritis, polycystic kidney disease,
acute glomerulonephritis, renal embolism, papillary necrosis, re-
nal vein thrombosis, renal vein entrapment, trauma, or renal
tumor) are not present. The cause or causes of the LPH syndrome
are unknown. However, nephrectomy specimens from some pa-
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Since 1979, 15 patients have undergone renal biopsy in our
program for evaluation of possible LPH syndrome. Of these, 7
were found to have thin GBM. These patients are the basis for the
present report.

LPH syndrome was considered when patients had: (1) six
months or more of unilateral or bilateral episodes of flank pain
which lasted for days at a time or was chronic. On physical
examination there was little or no tenderness to gentle palpation
of the region of the costovertebral angle. However, a gentle punch
to that area elicited deep pain. (2) Hematuria was virtually always
present either as microscopic or recurring episodes of gross
hematuria. (3) The episodes of flank pain were almost always
worse when gross hematuria was present but flank pain could be
present without gross hematuria. (4) Clots were not observed in
the grossly bloody urine. (5) Detailed evaluation for known causes
of gross hematuria was negative or normal. Specifically all patients
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Table 1. Clinical characteristics of patients with loin-pain hematuria syndrome and thin glomerular basement membranes

Age, years

Onset' Current
Duration,

years' Gender" Raced Hypertension"
Location
of paine

Exercise-
related5

Serum
creat.
mg/dlh

24-hr
proteinuria,

mg

Case 1 21 40 19 F W N R Y 0.9 178
Case 2 52 56 4 F W Y R N 1.0 110
Case 3 43 45 2 F W N L N 0.8 1053
Case 4 35 46 11 F W Y B Y 1.0 474
Case 5 34 37 3 F W N R N 1.0 0
Case 6 18 21 3 M W N B Y 1.2 83
Case 7 27 30 3 F W N B Y 0.9 96

a At onset of LPH syndrome
b Duration of active LPH
"F, female; M, male
d w, Caucasian
"N, no; Y, yes; hypertension defined as systolic > 140 or diastolic > 90 mm Hg

R, right flank; L, left flank; B, both flanks
Episodes of gross hematuria and flank pain often preceded by increased physical activity

h At time of renal biopsy
Obtained when patient did not have gross hematuria

underwent intravenous pyelography (usually on multiple occa-
sions, including during episodes of gross hematuria), contrast
enhanced scan of the kidney and surrounding structures by
computed axial tomography (CAT), and tests for blood coagula-
tion abnormalities. Some patients also had undergone renal
arteriography. All but one patient had undergone cystoscopy with
ureteroscopy on at least one occasion. Urinary tract infection was
excluded by absence of pyuria and bacteruria by urinalysis, and by
negative routine urine culture for bacteria.

Determination of glomerular hematuria from analysis of the
renal biopsy

The presence of red cells in renal tubules is generally regarded
as evidence of glomerular hematuria. However, it is possible that
in some instances the trauma caused by the renal biopsy could
account for intratubular red cells. To assess the extent to which
this might occur, we examined renal biopsy specimens from
normal cynomolgus or rhesus monkeys (N = 9) involved irs a study
of experimental glomerulonephritis that had undergone closed
needle biopsy at baseline using standard techniques [14] compa-
rable to that used in our patients.

The protocol to assess for red cells in tubules in renal biopsy
specimens was as follows: The number of tubular lumens in the
cross section of each periodic acid-Schiff (PAS) stained renal
biopsy specimen was estimated by counting the number of 20
times magnification (20 x) microscopic fields contained within the
renal biopsy cross section. That number was multiplied by 100,
which is the average number of tubular cross sections in a 20 x
microscopic field. Each tubular lumen in the renal biopsy speci-
men was examined for the presence of red cells. If red cells were
present, they were counted. This protocol was also used to assess
for intratubular red cells in the renal biopsy specimens of the
patients of this study.

Histology methods

The renal biopsy specimens were prepared and analyzed by
routine light, immunofluorescence and electron microscopy tech-
niques, as previously described [13]. The diagnosis of thin GBM
disease was based on electron microscopy findings of GBM

thickness of less than 200 nm involving 50% or more of capillary
wall length, as previously described [13].

Data analysis

The statistical tests used are discussed in relationship to the
data.

Results

Clinical characteristics of the patients with LPH syndrome and
thin GBM

Table 1 shows that one of the seven patients is a male. In four
of the seven patients, exercise provoked episodes of gross hema-
tuna and flank pain. The male patient had to quit varsity athletics
(gymnastics) because severe exertion caused gross hematuria and
flank pain. None of the patients had elevated serum creatinine
levels. However, low level proteinuria was seen in three of the
seven patients.

Evidence for glomerular hematuria in the patients with LPH
syndrome and thin GBM

Table 2 shows the quantitation of blood in renal tubules in the
renal biopsy of each patient. As can be seen, in each patient red
cells were found in multiple tubular lumens. In most of the tubules
that contained red cells, the number of red cells was small (< 5).
In four patients, multiple proximal tubules were filled with red
cells. The renal biopsy findings in Case 1 are shown in Figure 1.

To assess whether the intratubular red cells could be the result
of the renal biopsy procedure itself, we examined renal biopsy
specimens from nine normal nonhuman primates (rhesus or
cynomolgus monkeys) that had undergone closed needle biopsy of
the kidney [14] using the same techniques that were used in the
human renal biopsies. We found that red cells were present in
renal tubular lumens in six of the nine renal biopsies. However, in
each instance, only one tubular lumen per biopsy contained red
cells and the red cells were few in number (range 1 to 10) and
loosely arranged in the tubule. The range of tubular lumens per
biopsy specimen was 300 to 3,000, median 1,000. Thus, the percent
of tubular lumens containing red cells was about 0.1% per biopsy,
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Table 2. Renal biopsy findings in patients with LPH syndrome and
thin GBM

Tubules
Tubules
with red

cells'

filled
with red

ce1lst
Sclerotic

glomerulic
Interstitial
fibrosisd

C3 in
arterioles

Minimum
GBM,

nm

Case 1 50 40 0 0 +++ 175
Case 2 5 0 18 + ++++ 163
Case3 30 5 0 0 0 147
Case 4 25 10 25 ++ 0 110
Case 5 25 10 0 0 ++++ 142
Case6 7 0 0 + + 100
Casc7 10 0 0 + + 120

a Percentage of tubular lumens containing red blood cells
h

Percentage of tubules completely filled with red blood cells
C

Percentage of glomeruli with any degree of sclerosis
d

Percentage of interstitial volume occupied by fibrosis; 0, no fibrosis; +,
1-10%; ++, 11-25%; +++, 26-50%; ++++, >50%

a value much lower than that of the patients (Table 2). Also, in no
instance did we find red cells in amounts sufficient to completely
fill tubular lumens. Thus, the presence of multiple renal tubules
containing red cells, and red cells filling tubular lumens, as shown
in Figure 1, can be regarded as the result of glomerular hematuria,
not the renal biopsy procedure.

Other renal biopsy findings in patients with LPH syndrome and
thin GBM

Interstitial edema, similar to that shown in Figure 1, was found
in the renal biopsies of some of the other patients with LPH
syndrome and thin GBM disease. However, interstitial edema was
not a consistent feature, perhaps because most of the patients
underwent renal biopsy when they were not having pain.

Table 2 also shows that two of seven patients had sclerotic
glomeruli. Four of the patients had some degree of interstitial
fibrosis. In five of seven patients C3 was identified in arterioles, a
finding that is thought to be characteristic of LPH syndrome [12].
All patients had moderate to severe thinning of GBM.

Effect of enalapril therapy on episodes of LPH syndrome in
patients with thin GBM

Table 3 summarizes the results of enalapril therapy in our
patients who received this drug for treatment of the symptoms of
gross hematuria and/or flank pain. As can be seen, four patients
experienced important improvement in symptoms. Enalapril was
begun at 2.5 or 5.0 mg daily. The dose was titrated upwards, if
needed and as tolerated. Only one patient (Case 2) experienced
symptomatic hypotension. This was corrected by changing the
enalapril from 5 mg daily to 2.5 mg morning and evening. In this
patient, dividing the dose of enalapril was also associated with
better control of flank pain and episodes of gross hematuria.

Discussion

The present study shows that some patients who present with
the LPH syndrome have thin GBM disease and evidence of
hemorrhage into tubules. A detailed clinical evaluation of these
patients failed to demonstrate any nonglomerular cause for

hematuria. We have concluded, therefore, that the patient's gross
hematuria is glomerular in origin. To our knowledge, this is the
first clear demonstration that thin GBM disease can cause gross
hematuria. Generally, thin GBM disease is regarded only as a
cause of microscopic hematuria [13, 15]. Previous reports of an
association of thin GBM disease with episodes of gross hematuria
are difficult to interpret because the reports either did not
perform immunofluorescence microscopy on the renal biopsy
specimens to exclude disorders such as IgA nephritis, and/or did
not perform electron microscopy to document abnormal GBM
thickness, or exclude the possible role of other known causes of
gross hematuria [reviewed in 15].

The present study also suggests that the flank pain observed in
our patients was in some way the result of the gross hematuria.
The causal relationship between the gross hematuria and the flank
pain is suggested by the frequent temporal relationship between
the onset of gross hematuria and the onset of flank pain. The
mechanism by which gross hematuria could cause flank pain in
our patients is not clear. However, obstruction of the kidney due
to urinary clot formation is unlikely because none of our patients
reported passing obvious clots in the urine. Furthermore, in six of
the seven patients (Cases #1 through 6) an intravenous pyelo-
gram was done during painful episodes of gross hematuria and no
obstruction was documented. We suggest that the flank pain
associated with gross hematuria might be the result of obstruction
of multiple renal tubules sufficient to cause substantial backflux of
glomerular filtrate, renal parenchymal volume expansion, and
flank pain. In support of this hypothesis is the finding that in our
patients, up to 40% of renal tubules were found to be completely
filled with red cells at the time of renal biopsy. It is well known
that bilateral renal pain is associated with severe episodes of
glomerulonephritis, which are accompanied by renal swelling and
in some instances by occlusion of multiple renal tubules with red
blood cells [16—18]. Thus, it is possible that the pain experienced
in our patients is a variation of this well documented phenomenon
of renal pain in severe glomerulonephritis.

Rupture of renal interstitial blood vessels could also explain
gross hematuria, flank pain, and red cells filling renal tubules, if
the interstitial hemorrhage resulted in dissection of the blood into
renal tubules. However, none of our renal biopsy specimens
showed interstitial hemorrhage.

Renal imaging studies in our patients did not show abnormally
enlarged kidneys at the time of the flank pain. However, the
amount of renal swelling needed to markedly increase the pres-
sure transmitted to the renal capsule is relatively small. For
example, we have shown that in the dog undergoing ureteral
obstruction during saline loading, only a 10% increase in renal
volume (approximately a 3% increase in the diameters in the
kidney) causes an increase of 40 to 60 mm Hg in hydrostatic
pressure transmitted to the renal capsule [19]. Thus, if renal
swelling is the mechanism of pain in our patients with thin GBM
disease and hemorrhage into tubules, it is not surprising that
nephromegaly was not observed. Some of the renal biopsy spec-
imens showed interstitial edema, as in Figure 1. However, this was
not a constant feature of the renal biopsies, perhaps because many
of the patients were biopsied when they were not having pain.

Unresolved is the question of how multiple glomeruli come to
be hemorrhaging at the same time so that gross hematuria
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Fig. 1. Panel A. Representative light
microscopy field of the renal biopsy of Case 1.
The proximal tubule at nine o'clock is filled
with red cells. Smaller numbers of red cells are
in the proximal tubule at eight o'clock. There is
separation of tubules indicating interstitial
edema. The glomerulus is normal by light
microscopy and negative by routine
immunofluorescent microscopy (100 X
magnification, periodic acid-Schiff (PAS) stain).
Panel B. Representative electron
photomicrographs of the renal biopsy of Case 1
showing GBM thinning. Minimum GBM
thickness is 175 nm (2682 )< magnification).

Factors that increase glomerular hydrostatic pressure, such as
exercise [211, might promote glomerular hemorrhage in patients
with thin GBM disease. Indeed, this could explain the strong
association that we observed between exercise and gross hematu-
na with flank pain, in some of our patients.

sion of adjacent tubules. This would lead to partial obstruction of
the adjacent tubules and an increase in the hydrostatic pressure of
the glomerulus serving those tubules [20]. The increase in glomer- Our favorable, but uncontrolled, experience with the use of
ular hydrostatic pressure would result in rupture of the focally ACE inhibitor therapy in some patients with thin GBM and LPH
thinned glomerular capillary resulting in hemorrhage into that syndrome is consistent with the hypothesis that increased glomer-
tubule, causing further tubular obstruction. This process could ular hydrostatic pressure is an important determinant of glomer-
then be repeated in adjacent nephrons, resulting in the domino ular hemorrhage in patients with thin GBM. ACE inhibitor therapy
effect suggested above, lowers glomerular hydrostatic pressure [221. In our patients, this

develops. We suggest that the process could be a "domino" effect
which starts with hemorrhage from just a few glomeruli which
become obstructed, resulting in localized expansion and compres-
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Table 3. Effect of enalapril therapy on loin pain-hematuria syndrome

Duration of enalapril
therapy, months

Favorable response
to enalaprila

Casel 27 Y
Case2 17 Y
Case3 15 N
Case4 48 N
Case5 14 Y
Case6 18 Y
Case7 7 N

a The patient reports fewer or less severe episodes of flank pain or gross
hematuria; Y, yes; N, no

effect of ACE inhibition could reduce the potential for rupture of
glomerular capillaries with thin basement membranes.

The natural history of patients with LPH syndrome and thin
GBM is unclear. However, in our entire experience with patients
who progress to end-stage kidney failure, we have never observed
clinical scenarios that resemble those of the present patients. In
many respects our patients closely resemble those in a 1979 report
by the Mayo Clinic in which patients with unexplained recurrent
bouts of gross hematuria and flank pain had long-term favorable
outcomes [23]. Although the Mayo Clinic patients did not un-
dergo renal biopsy, it seems likely that they are examples of the
syndrome described herein.

The renal biopsies of some of our patients show a surprisingly
large amount of glomerular sclerosis and interstitial fibrosis.
Perhaps this is the result of damage from episodes of tubular
obstruction from glomerular hemorrhage. Nevertheless, if only a
relatively small percent of glomeruli have thin GBM susceptible to
rupture, it can be readily understood why this disorder is unlikely
to be a cause of progressive renal failure.

The present observations do not provide an estimate of the
fraction of patients with LPH syndrome who have thin GBM.
However, we have obtained renal biopsies in eight patients with
LPH syndrome who did not have thin GBM, some of whom we
have reported previously [12]. Thus, our experience suggests that
a large fraction of the patients with LPH syndrome have thin
GBM.

Of note is the presence of heavy C3 deposits in renal arterioles
of three of our seven patients. This finding is commonly cited as
an abnormality characteristic of LPH syndrome [12]. The present
findings cast doubt on this interpretation because the C3 deposits
do not correlate with the symptomatology in our patients and
there is no obvious connection between arterial C3 deposits and
thin GBM disease. We suggest that arterial C3 deposits are a
common finding resulting from mild arterial hyalinosis, and are
mentioned in connection with LPH syndrome simply because in
some patients it was the only remarkable finding on the renal
biopsy.

Analysis of the renal biopsies in the normal nonhuman primates
indicates that the renal biopsy procedure itself can result in
intratubular red cells. However, the biopsy procedure itself causes
red cells in tubules in only about 1 per 1,000 tubules. By contrast,
glomerular hematuria is associated with much higher rates of red
cells in tubules. Furthermore, the finding of red blood cells
completely filling tubular lumens was seen only in the patients of

this study. Thus, we suggest that the finding on renal biopsy of
multiple tubules containing red blood cells and/or the finding of
red cells filling tubules is diagnostic of glomerular hematuria.

In summary, the present study provides evidence that there is a
subset of patients with the LPH syndrome in whom the gross
hematuria and flank pain are caused by rupture of thin GBM.
Measures that increase glomerular hydrostatic pressure (exercise
and, perhaps, hypertension) may adversely affect this condition.
By contrast, measures that reduce glomerular hydrostatic pressure
(such as ACE inhibitor therapy, and avoiding exertion) may
benefit these patients. These hypotheses, however, remain to be
proved. Long-term follow-up in patients with LPH syndrome and
thin GBM is lacking. Nevertheless, there is no evidence that this
disorder leads to progressive renal failure.
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