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Figure 2.A representative case of HCDD is illustrated. (A) A glomerulus displaying a nodular sclerosing glomerulopathy with global mesangia
nodules, some surrounded by mesangial interposition, without obvious thickening of the glomerular basement membranes (GBM). Staining
the constant domains of theheavy chain shows negativity for CH1 (B) and strong linear positivity for CH2 (C) and CH3 (D) along GBM
and tubular basement membranes (TBM). Staining for complement component C1 is present along TBM, with a granular to linear textu
Ultrastructural evaluation reveals finely granular electron dense deposits that involve the inner aspect of the GBM. Magnificiiis:

A (periodic acid-Schiff), B, C, and Dx800 in E; X5000 in F.

variable. The degree of tubular atrophy and interstitial fibrosisiposed amyloidosis, which was confirmed by the demonstra-
ranged from mild in nine cases to severe in eight cases. In sotiom of 8- to 12-nm fibrillar deposits on electron microscopy.
cases, vascular basement membranes surrounding medial nNanetheless, the dominant finding was MIDD, and, therefore,
cytes were thickened by PAS-positive material. Congo redese three cases were included in the group of pure MIDD for
staining for amyloid was performed in all cases; in 3 of the 28urposes of analysis. Two cases also displayed overlapping
cases (alk), there was focal positivity consistent with superfeatures of diabetic nephropathy.
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The following patterns of paraprotein deposition were idemleposits in 15 of 23 (65%). None of the 23 cases of pure MIDD
tified by immunofluorescence: among the 12 cases of pudésplayed significant monoclonal staining of tubular casts or
LCDD, the dominant light chain was in 11 cases and in 1  other histologic evidence of MCN.
case. The five cases of LHCDD included three with ig&d Ultrastructural evaluation of the 23 cases of pure MIDD
two with IgGA. The six cases of HCDD includeg-heavy demonstrated deposits in GBM (100% of cases), mesangium
chain in five cases and-heavy chain in one case. Tissue wag6%), and TBM (96%) (Figure 2F). The deposits typically
available for further study in four cases of HCDD, and appeared to be granular-powdery and were identified in the
among these cases, the heavy-chain component was identif&adina rara interna and/or permeating the lamina densa of the
as vyl in two cases,y3 in one case, and4 in one case. GBM. Interstitial deposits also were identified in a minority of
Furthermore, in all four cases, a deletion of the CH1 constagdses (18%). In the 18 cases in which vessels were sampled for
domain of they-chain was identified by immunostaining (Fig-electron microscopy, deposits commonly were seen surround-
ure 2, B through D). In two of the five cases of LHCDD andng the basement membranes of individual myocytes (78%).
in four of the five cases o HCDD, the monoclonal deposits The degree of foot process fusion was variable but typically
fixed complement components C3 and C1 in a granular ektensive (mean, 55%; range, 5 to 100%).
linear pattern (Figure 2E). Complement fixation was identified The appearance of the 11 cases of combined LCDD & MCN
in the three cases withl or y3 heavy chains but not in the casdliffered significantly from those with pure MIDD. The major
with y4 heavy chain. light microscopic findings were those of atypical, fractured,

In all cases of MIDD, immunofluorescence revealed lineguolychromatic casts, typical of MCN, associated with intersti-
deposits within TBM. In addition, GBM deposits were identitial edema, inflammation, fibrosis, and diffuse tubular degen-
fied in 20 of 23 cases (87%), mesangial deposits in 19 of 28ative changes (Figure 3A). Although a nodular sclerosing
(83%), interstitial deposits in 7 of 23 (30%), and vasculaglomerulopathy was seen in all cases of pure MIDD, this

Figure 3. A representative case of LCDD & MCN. (A) A low-power view that shows focal hard polychromatic casts, diffuse tubular
degenerative changes, and interstitial fibrosis, typical of MCN. A glomerulus appears normal by light microscopy. (B) Although glomerul
display no abnormalities by light microscopy, immunofluorescence staining ifeveals intense linear staining of GBM and TBM, typical of
LCDD. In addition to linear TBM staining, there is strong staining of the atypical casts f(€) and complete negativity fok (D).
Magnifications: X200 in A (trichrome);x400 in B; X800 in C and D.
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pattern of disease was seen in only 2 of the 11 cases of LCDBphrotic syndrome was present in 6 of 23 cases but in none of
& MCN (18%; P < 0.0001). Two additional cases displayedhe 11 patients with LCDD & MCN. Hypocomplementemia
mild mesangial expansion, whereas in seven cases, glomewads present in one of five patients with LHCDD and in three
appeared histologically unremarkable. By immunofluoresf six patients with HCDD.
cence, the monoclonal light chain wasn 10 cases and in Among patients with pure MIDD, the incidences of acute
1 case. Paraprotein deposits were identified in all cases withénal failure and dialysis dependence (at the time of biopsy)
GBM and TBM and in the majority of cases (82%) withinwere 30 and 26%, respectively. These incidence rates were
vessel wall basement membranes (Figure 3B). In all casegnificantly lower than in patients with LCDD & MCN, of
immunofluorescence also revealed the diagnostic finding whom 82% had acute renal failure and 64% required dialysis
MCN: large, fractured casts that stain intensely with a sing{® = 0.02 andP = 0.053, respectively).
light-chain component (Figure 3, C and D). Of note, five of six HCDD patients who were tested for

The cases of combined LCDD & MCN were subdividedhepatitis C virus (HCV) antibody by second generation enzyme
further into two subgroups, depending on whether electrommmunoassay were positive, whereas none of the eight patients
dense deposits were identified. Four cases had monoclowith LCDD or four patients with LCDD & MCN studied were
light-chain staining by immunofluorescence but no corrddCV antibody positive P < 0.001). All five patients’ bilirubin
sponding electron-dense deposits by electron microscopy. And serum transaminase were within the normal range, and
cordingly, the findings in these four cases are referred to fmur were HCV PCR negative. HCV data were not available
“LCDD & MCN (by IF only).” Among the seven cases offor any patients with LHCDD.
LCDD & MCN, electron-dense deposits were identified in
GBM in all seven cases and in the mesangium and TBM in s@ncologic Characteristics
cases. Typically, the extent of GBM and mesangial depositsRenal biopsy diagnosis of MIDD preceded any other clinical
was less than that in pure MIDD, and only mild foot procesavidence of dysproteinemia in 16 patients (70%) with pure
fusion was identified (mean, 23%; range, 10 to 40%). MIDD and in 7 patients (64%) with LCDD & MCN (Table 2).

In only 11 of 34 patients was an M spike tested and identified

Clinical Characteristics at Biopsy: Demographics and on SPEP and/or UPEP before biopsy. After renal biopsy diag-
Renal Presentation nosis of pure MIDD, an M spike was identified on SPEP in

The 23 patients with pure MIDD consisted of 12 men and 148% and on UPEP in 52%; in 3 of 23 patients with pure MIDD
women with a mean age of 57.4 yr (Table 1). A total of 74%iL3%), both SPEP and UPEP (and immunofixation) were neg-
were Caucasian, and 5 of 23 (22%) were African Americaative. A positive SPEP was present in 80% of patients with
notably, among the 5 African American patients, 4 had heavwHCDD, compared with 25% of patients with LCDIP (=
chain deposition (either HCDD or LHCDD). There was a tren@d.04) and 67% of patients with HCDD.
toward greater age in the group with LCDD & MCN, com- Oncologic workup of patients with pure MIDD revealed a
pared with those with pure MIDD (67 .xtersus57.4 yr;P = positive bone marrow biopsy in 35%, hypogammaglobuline-
0.066); however, racial composition and gender were not sigia in 30%, osteolytic lesions in 13%, and hypercalcemia in a
nificantly different. Hypertension was present in the majoritgingle patient (4.3%). Thirty-nine percent of patients with pure
of cases but was seen less frequently in patients with LHCONIIDD met criteria for MM, and 39% were diagnosed with
(40%) than in those with LCDD (83%) or HCDD (10099 & MGUS. At presentation, the only oncologic parameter that
0.03). Four patients (12%) had a clinical history of type differed significantly between the pure MIDD and LCDD &
diabetes mellitus, but only two had biopsy findings suggestiW¢CN groups was the higher incidence of multiple myeloma in
of diabetic nephropathy. the latter (39versus91%; P = 0.025).

With the exception of one case dé novoLCDD in a renal
allograft, all other cases of MIDD were diagnosed in the nativ@utcome
kidney. Patients with pure MIDD typically presented with Among the seven patients with LCDD and MM, four were
renal insufficiency at the time of biopsy, as evidenced by 96%eated with melphalan and prednisone (MP) and one each with
with serum creatinine>1.2 mg/dl (Table 1). Patients with regimens of vincristine-adriamycin-dexamethasone; steroids;
LCDD & MCN had a significantly higher serum creatinine (7.&nd vincristine, cyclophosphamide, and MP. At follow-up
versus4.5 mg/dl;P = 0.01) and a lower creatinine clearancémean, 31.5 mo), five had stable renal function, one developed
(13.8versus37.3 cc/min;P = 0.02) when compared with thean increase in serum creatinine from 1.5 to 2.3 mg/dl over 47
group with pure MIDD. mo, and one progressed to ESRD requiring hemodialysis. Four

Nephrotic-range proteinuria was seen in almost half (48%]j the seven patients with LCDD and MM died during the
of patients with pure MIDD, and the mean 24-h urine proteifollow-up period; exact causes of death are not known. In
was 4.2 g/d. In contrast, the mean 24-h proteinuria was signintrast, the two patients with LCDD and MGUS were treated
icantly less in patients with LCDD & MCN (2.2 g/ = with MP and plasmapheresis, respectively, and both remain
0.01), and nephrotic-range proteinuria was seen in only 2 of alive at 24 and 27 mo. One patient progressed from a serum
patients (18%). Furthermore, the degree of hypoalbuminenui@atinine of 2.9 mg/dl to dialysis dependence over 24 mo,
and hypercholesterolemia and the incidence of periphevalhereas the other had an increase in serum creatinine from 6.2
edema were greater in patients with pure MIDD, such that futh 6.7 mg/dl over 27 mo but has not yet required dialysis. The
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three patients with LCDD and insufficient data for oncologi¢four also received MP, prednisone, cyclophosphamide, or
diagnosis all required dialysis within 1 mo of presentation. thalidomide), and one was treated solely with steroids. Eight of
Follow-up data were available on all five patients withhe 10 patients presented with ESRD without subsequent re-
LHCDD, of which two received MP and one received cyclocovery, and 1 patient had an increase in serum creatinine from
phosphamide and prednisone. Information on treatment was to 6.8 mg/dl over 2 mo. Of interest, a single patient with
not available for two patients. Renal function remained stabigv who was treated with MP had a decline in serum creati-
in two patients (one of whom met criteria for MM), one had @jne from 3.5 to 2.0 mg/dl over 36 mo. The single patient with
worsening of renal function, and two already required dialysjgsufficient data to establish an oncologic diagnosis required
at the time of presentation. Follow-up time is limited to 9.1 MQjalysis at the time of presentation. At last follow-up (mean,
in the LHCDD group, in part because of the early death qfy 7 mq), 6 of the 11 patients with LCDD & MM had died.
three of the five patients. Causes of death included sepsis (two patients), hypercalcemia

Among the six cases of HCDD, the only patient who m%ne patient), and progressive myeloma (three patients).

C”?”i for MMt \t/vasttr(lje sw:jgle p?t]:entt\_/wth-HCI?D.dTstl It?enal (P= 0.0196) and patien®(= 0.0453) survivals were
patient was not freated, and renal function remained sta esi”(}:]nificantly better in patients with pure MIDRersusLCDD

2-mo foIIowjup. The remaining five patle_nts rece|ve.d eithe MCN (Figures 4 and 5). Improvement in renal function was
MP (one patient), pulse decadron (one patient), prednisone plus

chlorambucil (one patient), or no treatment (two patients eenin 10 OT 23 pa}uents with pure MIDD (043'5%) but only in
Follow-up data revealed two patients with stable serum cre _single pat|ent with LCDD & MCN (9.1%P = 0'0487)] )
inine (over 5 mo each) and three who presented with eith&f'€n Patients were reanalyzed for the presence of clinical
ESRD or immediate requirement for dialysis. Of interest, tHgfiteria for MM, 10 of 19 patients with MM (52.6%) died at the
single patient who received pulse decadron had an init@fld Of the study, as opposed to 2 of 10 (26%; 0.0956) who
increase in serum creatinine from 1.6 to 2.2 mg/dl over 1 mpad been diagnosed with MGUS. Median patient survival time
followed by a decrease to 1.0 mg/dl at the end of 5 mo. At la4@s 36 mo in the MM group and 42 mo in the MGUS group
follow-up (mean, 14.8 mo), all six patients with HCDD werdP = 0.74). Mean patient survival in LCDD was 6@rsus13
alive. One patient with HCDD received a living related rendno in LHCDD versus42 mo in HCDD, with a statistically
transplant from her sister and is doing well 8 mo posttransignificant difference between the LCDD and LHCDD groups
plantation without recurrence of proteinuria. (P = 0.01). The end points of progression of renal insuffi-
Ten of the 11 patients with LCDD & MCN met clinical ciency or ESRD were not significantly different among the
criteria for the diagnosis of MM. Four of the patients receivethree groups (27 mo in LCD®ersus8 mo in LHCDD versus
MP, five patients received vincristine-adriamycin-decadrd® mo in HCDD;,P = 0.34) when adjusted for the relatively
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Figure 4. Life-table analysis of renal survival in pure MIDiZersusLCDD & MCN. Solid line, pure MIDD; dotted line, LCDD & MCN.
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Figure 5. Life-table analysis of patient survival in pure MIDZersusLCDD & MCN. Solid line, pure MIDD; dotted line, LCDD & MCN.

short follow-up time in the LHCDD (mean, 9.1 mo) andess extensive glomerular pathology. Although linear deposits
HCDD (mean, 15.7 mo) groups. were noted in basement membranes by immunofluorescence in
Limited follow-up data are available regarding proteinuriaall 11 cases, they typically were less extensive than in pure
Among the five patients with LCDD and stable/improved ren@IDD. Furthermore, in 4 of the 11 cases, corresponding elec-
function, proteinuria declined in two, increased in one, and wa®n-dense deposits were not identified by electron microscopy
unavailable in the remaining two patients. In the four patien(cCDD & MCN [by IF only]). Potential explanations for this
with either LHCDD or HCDD and stable renal function, dinding include nonspecific “trapping” of the circulating mono-
decline in proteinuria was seen. clonal light chain in renal basement membranes reflecting high
On multivariate analysis of the pure MIDD group, there waserum levels without true deposit formation or insufficient
no correlation between renal or patient survival and any hiaggregation of the deposits to be visualized at the ultrastruc-
tologic parameter, including severity of glomerulosclerosigyral level. LCDD & MCN tended to occur in older patients
interstitial inflammation, interstitial fibrosis, tubular atrophywho presented with more severe renal insufficiency and less
or vascular disease. Oncologic diagnosis and treatment alsoskdere proteinuria and were more likely to fulfill criteria for
not correlate with either renal or patient survival. The onli¥M. The clinical, pathologic, and outcome data of this group
predictor of renal and patient survival was the initial serurare more typical of MCN than MIDD. Unfortunately, past
creatinine at the time of biopsyP(= 0.003 and 0.042, studies of LCDD have not always distinguished between pure

respectively). MIDD and cases with overlapping MCN. For example,
. . Ganevalet al. (4) and Buxbauret al. (5) each reported series
Discussion of LCDD in which almost 50% of patients had concurrent cast

We report the clinical, pathologic, and outcome data in rephropathy, but they did not perform subgroup analysis.
large series of patients with renal MIDD. MIDD is a parapro- Examination of the histologic findings in patients with
tein deposition disease characterized by monoclonal depostfdD reveals multiple interesting trends.is the predominant
within renal basement membranes, indicative of underlyidight chain deposited within renal basement membranes in
plasma cell dyscrasia. However, not all cases have a demb@DD, as identified in 91% of our cases, and is similar to the
strable monoclonal protein by SPEP or UPEP. reported incidences of 73 to 87.5% in other series (2-5,15).

One third of our 34 cases of MIDD had evidence of coexfhis is in clear contrast to the increaskdo-« ratio seen in
istent MCN. The pathologic findings in these 11 cases aimyloidosis and correlates with the reported predominance of
LCDD & MCN were dominated by the MCN component and/«4 and VA6 as precursor proteins in LCDD and amyloidosis,
manifested severe tubular damage by cast nephropathy, wibpectively (16,17). Among cases of HCDpis the predom-
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inant class of heavy chain. Our single casexefiCDD is the roids plus melphalan or a cytotoxic agent. It is general practice
second such case reported (10). A CH1 deletion was notedartreat patients who have pure MIDD or LCDD & MCN with
all four of our y-HCDD cases studied, correlating with thesimilar regimens, irrespective of whether they meet diagnostic
previous finding that this deletion is critical for prematureriteria for myeloma. Although renal prognosis is poor, patient
heavy-chain secretion by plasma cell clones (13,18). Althoughrvival can be considerable, with 70% and 37% 5-yr patient
a nodular sclerosing glomerulopathy is the most common findnd renal survivals reported in one series (14). In our cohort,
ing on light microscopy in MIDD, its incidence ranges from 3lamong patients with pure MIDD, 35% presented with ESRD,
to 74% (2-5,15). We identified this pattern in only 2 of 122% had worsening of renal function or progression to ESRD,
cases of LCDD & MCN, possibly because of their earlmand 43% had stable or improved renal function. No patient who
presentation with MCN-induced acute renal failure, with inpresented with ESRD or requiring dialysis improved; however,
sufficient time for the development of nodular sclerosing gldt0 of the remaining 15 patients (67%) with pure MIDD had
merulopathy. Alternatively, the pathogenic light-chain proteirstable or improved renal function at the end of a mean fol-
in this entity may be less sclerogenic, as suggested by thiew-up of 23.7 mo. Unfortunately, no conclusions could be
variable ability to upregulate mesangial synthesis of BGFdrawn regarding the relative efficacy of the varied treatment
(19). If all previously reported LCDD cases with overlappingegimens. Of interest, the presence of MM did not influence
MCN are excluded, the true incidence of nodular sclerosimgnal or patient survival. This is consistent with our observa-
glomerulopathy in pure MIDD likely would approach thetion that the only predictor of renal and patient survival was the
100% found in our series. Similarly, in our series, deposiitsitial serum creatinine at the time of biopsy, which under-
were readily identified by immunofluorescence or electroscores the paramount prognostic importance of renal MIDD.
microscopy in GBM (87 and 100%, respectively), mesangium An interesting and previously unreported finding was that of
(83 and 96%), TBM (100 and 96%), and vessel wall basememnpositive HCV antibody test with undetectable HCV by PCR
membranes (65 and 78%). Our rate of detection of depositsfour of five patients with HCDD studied. None of the
was higher than that in previous studies of MIDD (2-5,15patients had elevated bilirubin or transaminase to suggest ac-
likely because of our exclusion of cases in which MCN dontive hepatitis. These findings may represent a false-positive
inated. Despite the broad pathologic spectrum of MIDD, ndCV antibody test because of interference by the abnormal
morphologic parameter was found to be predictive of renal buncated heavy chains with the HCV immunoassay; a distant
patient survival in our series, as noted in a previous analy$i€V infection also is possible.
(2). In summary, MIDD is defined by linear deposits of mono-
MIDD typically presents in the sixth decade, although, iglonal light-chain components in renal basement membranes,
our cohort, an earlier age of presentation was seen in patieoftien producing a nodular sclerosing glomerulopathy. Because
with pure MIDD than in those with LCDD & MCN. The fewer than half of patients with MIDD have clinical or labo-
typical renal presentation in patients with MIDD includesatory features of MM, renal biopsy plays an essential role in
proteinuria, hypertension, and renal insufficiency. We identihe diagnosis of dysproteinemia. Accurate histopathologic di-
fied renal insufficiency in 96% of patients with pure MIDD,agnosis requires, above all, a systematic analysis of the immu-
compared with 92% of cases compiled from five previousofluorescence findings. Approximately one third of cases
series (2-5,15). Nephrotic range proteinuria3( g/d) was have overlapping features of MCN; this subgroup is distin-
present in 48% of patients in our cohort, compared with 57¢uished by greater renal insufficiency and less proteinuria at
in previous series (2-5,15). Of interest, hypocomplementengeesentation, a renal biopsy picture typically dominated by
was present in three of our six patients with HCDD, all oMCN, and poorer renal and patient outcomes. Because this
whom had heavy-chain deposits composegbbr y3. These group more closely resembles that of MCN, it should be
results are consistent with the known complement-fixing ab#egregated from future analyses of pure MIDD. Although
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