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Abstract

Background. Low nephron number is determined in utero
and is a proposed risk for essential hypertension. Glomer-
ular volume is inversely correlated with nephron number,
and genetic and environmental factors that determine
nephron number are thought to determine glomerular vol-
ume. This study compared total glomerular (nephron)
number (Ngiom), mean glomerular volume (¥giom) and kid-
ney weight in two geographically separated black popula-
tions with significant common genetic ancestry.
Methods. Unbiased stereology was used to determine
Ngiom and Vgjom in kidneys collected at coronial autopsy
in an age- and sex-matched sample of 39 adult Africans
from Dakar in Senegal, West Africa and 39 African Amer-
icans from Mississippi in the USA.

Results. African Americans were taller and heavier than
their Senegalese counterparts. Ngom Was remarkably
similar—with a geometric mean of 937 967 in Senegalese
and 904 412 in African Americans (P = 0.62). Vyjom Was
correlated inversely with Nyjom and directly with body
surface area in both groups, but Vyom was 54% greater
in African Americans than in Senegalese Africans [8.30 +
2.92 (SD) and 5.38 + 1.25 um® x 10, respectively] and re-
mained significantly larger (38%) after adjustment for body
size. Vg1om increased with age in African Americans, but not
in the Senegalese. Kidney weight was larger in African
Americans (P < 0.0001), but kidney-to-body weight ratio
was not different between groups.

Conclusions. Despite similar nephron numbers, a com-
mon genetic constitution, and even in relation to current
body size, African Americans have larger Vjjom than Sene-
galese subjects. This may mark exposure to environmental
stressors or hereditary traits concentrated in the popula-
tion's relocation to North America.
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nephron number; Senegalese Africans

Introduction

Recent autopsy studies have shown dramatic variation in
total glomerular number (Ngjon) in the human kidney. We
have described a 9.6-fold range in Nyjom (from 210 332
to 2 026 541) in the kidneys of 105 African Americans
[1] and a 2.6-7.3-fold range in smaller studies of Caucasian
Americans (n = 84) [1], Aboriginal (n = 19) [2] and Cauca-
sian Australians (n = 24) [2] and Senegalese Africans (n =
28) [3]. Considerable differences in Ngjom have also been
observed between populations. Nyengaard and Bendtsen
found a relatively low mean nephron number (617 000
nephrons) in an older sample of 37 Danes [4]. The mean
number of nephrons in Senegalese Africans, African and
Caucasian Americans varied from 843 106 to 925 485
nephrons with no significant difference between groups
[1]. Only Australian Aborigines have been found to have
a significantly lower mean nephron number than any other
population with an Nyjom, 0f 713 209 £ 214 591 when com-
pared to 861 541 + 321 689 for Caucasian Australians [2].

Nephron endowment in humans is determined before
term birth [S]. Following birth, the number of nephrons
at any point in time is determined by the initial neph-
ron endowment and by subsequent nephron loss. An in-
creasing number of experimental and human studies
have shown that single nucleotide polymorphisms [6—8]
and aspects of the fetal environment [9-14] can influence
nephron endowment. Several studies have shown age-
associated nephron loss after birth [4,15].

Low nephron endowment has been proposed to increase
the risk of hypertension in adult life, via a decrease in total
filtration surface area and subsequent resetting of the pres-
sure natriuresis curve [16]. Exacerbating lifestyle factors
including obesity or a high-salt diet may further increase
this risk in susceptible individuals [17]. Reduced nephron
number has been related to hypertension in European and
American Caucasians [18,19]. But nevertheless, despite
their higher risk of hypertension and hypertensive renal

© The Author 2010. Published by Oxford University Press on behalf of ERA-EDTA. All rights reserved.

For Permissions, please e-mail: journals.permissions@oxfordjournals.org



Glomerular number and size in black populations

Table 1. Physical characteristics of the 39 Senegalese Africans and the 39
adult African Americans. Values are mean (SD)

Senegalese African

Africans Americans P-value
Age (years) 42.3 (14.9) 41.6 (13.8) 0.83
Male:Female 29:10 29:10
Height (cm) 168.2 (7.0) 176.2 (12.6) 0.0008
Body weight (kg) 71.0 (10.9) 88.4 (26.1) 0.0002
BSA (m?) 1.83 (0.16) 2.08 (0.35) 0.0001
BMI (kg/m?) 252 (4.2) 29.2 (8.3) 0.008
Kidney weight (g) 142.1 (32.6) 180.1 (49.0) 0.0001
Kidney-to-body 2.03 (0.51) 2.18 (1.47) 0.38

weight ratio (x 107%)

disease compared to Caucasians, no significant differences
in nephron number have been found between hypertensive
and non-hypertensive African Americans [19,20].

Extensive variation in mean glomerular volume has also
been observed in human kidneys collected at autopsy (up
to 5.6-fold in adults) [15]. Increased glomerular volume is
associated with higher body surface area (BSA) [3,4,15],
lower nephron number [1,3,15] and with the presence of
hypertension [2,18,19]. Large glomeruli are observed in
populations at high risk of hypertension (e.g., African
Americans and Aboriginal Australians) and renal disease
(e.g., Pima Indians, African Americans and Aboriginal
Australians) [2,21,22].

The objective of this study was to compare total nephron
number (Ngjom), mean glomerular volume (Vgiom) and kid-
ney weight in Senegalese Africans and African Americans.
These two geographically separate black populations share
significant common genetic ancestries, but have subse-
quently undergone different ancestral mixing over several
centuries and have different current diets and lifestyles.

Materials and methods

Kidney collection

Kidneys were collected and weighed from Senegalese Africans coming to
coronial autopsy at Hopital Aristide Le Dantec in Dakar, Senegal from
2003 to 2005 and from African Americans coming to autopsy at the Uni-
versity of Mississippi Medical Center, Jackson, Mississippi, USA from
1998 to 2005. The right kidney was perfusion fixed with 10% formalin
and systematically sampled (USA) or sent whole (Senegal) to Monash
University, Melbourne, Australia for stereological analysis.

Kidney collection and analysis was carried out with permission of
next-of-kin and in accordance with the standards of the Standing Commit-
tee on Ethics in Research Involving Humans at Monash University (proj-
ect approval numbers 2002/204 and 2006/753).

Subject selection

The first 39 kidneys of Senegalese African adults to be analysed were
compared to those of age- and sex-matched African Americans. African
American subjects were selected from a cohort of 97 subjects whose
kidneys had been previously examined [1] and were matched to the Se-
negalese Africans according to sex and age (Table 1). A random number
generator was used for selection of African American subjects when
more than one suitable subject was available. Findings from analysis
of kidney pathology and heterogeneity of glomerular volume within
the kidneys of some of these Senegalese and African Americans have
been previously reported [3,23,24].
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Cause of death

The main cause of death in the Senegalese Africans was death by misad-
venture (n = 28, 71.8%; accidents, homicides, suicide). Two deaths (5.1%)
were cardiac related. The remaining deaths were due to infection, cancer or
pulmonary related (n = 9, 23.1%). In the 39 African Americans, the pro-
portion of deaths due to cardiac or cerebrovascular causes was much greater
(n =20, 51.3%). Accidental and violent deaths accounted for 17.9% of
deaths (n = 7). The remainder were due to pulmonary embolism and other
non-renal illnesses (n = 12, 30.8%).

Estimation of total nephron number and mean
glomerular volume

Following systematic macroscopic sampling for stereology, selected
blocks were embedded in glycol methacrylate and exhaustively sectioned
at 20 um. The physical disector/fractionator combination was used for
unbiased stereological estimation of total glomerular (nephron) number.
The disector/fractionator technique uses systematically sampled section
pairs to count glomeruli at a unique point (when they first appear in
the serial sections) in a known fraction of the kidney. Total glomerular
number is calculated using basic algebra. Mean glomerular volume
(Vg1om) estimates were obtained by dividing the volume density of glomer-
uli in the kidney (Vvgiom,kia) (derived from point counting with a stereo-
logical test grid) by the numerical density of glomeruli in the kidney
(Nvglom,kia)- These stereological methods have been described in detail
in our previous publications [15,25].

Classification of hypertensive status

African American were categorized into hypertensive and non-hyperten-
sive on the basis of a history of hypertension, consistently elevated blood
pressures (2140/90 mm Hg), mean arterial pressure (MAP) =2 107 mm
Hg, the presence of cardiomegaly and severity of renal arteriosclerosis,
as previously described [19]. One subject was classed as ‘probably hyper-
tensive’ on the basis of a history of hypertension and confirmation by two
other marks, but had no available blood pressure record. This subject was
analysed with confirmed hypertensives. Hypertensive status was available
for 38 African Americans. No information was available on the hyperten-
sive status of the Senegalese autopsy subjects.

Statistical analysis

Analysis of data was performed using STATA statistical package, Version
8 (College Station, Texas, USA). Two-tailed Student z-tests were used to
compare the mean values of the two groups. Variables with a skewed dis-
tribution were transformed using the natural logarithm, and geometric
means were used to compare the two groups. Pearson's product moment
correlation and linear regression were used for univariate analysis of
parametric variables, while Spearman's rho correlation (r) was used
for non-parametric data. One-way ANOVA with Bonferroni post hoc test
was used to test differences in Vyjom by hypertensive status and to compare
to Senegalese. In all tests, P < 0.05 was considered significant.

Results

Physical characteristics of the sample populations

Characteristics of the two groups are presented in Table 1.
As dictated by the study design, subjects were matched
for gender and well matched for age. African Americans
had significantly greater height, body weight, BSA and
body mass index (BMI) than the Senegalese Africans.
Mean height in the African Americans was 8 cm greater
than Senegalese adults (P < 0.0008), and African Amer-
icans were on average 17 kg heavier than the Senegalese
Africans (P = 0.0002). The striking difference in the
range of BSA in the two groups is shown in Figure 1.
All 39 Senegalese had a BSA <2.1 m?, whereas 44% of
the African Americans had a BSA greater or equal to 2.1 m?.
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Fig. 1. Distribution of BSA in Senegalese Africans and age- and sex-
matched African Americans.

Kidney weight

Kidney weight was 27% greater in African Americans
than in Senegalese Africans (P < 0.0001). The difference
in kidney weight between the races was reduced to 16%
following adjustment for BSA (P = 0.02). The kidney-to-
body weight ratio was similar in the two groups (P = 0.38),
but variation was greater in African Americans (Table 1).

Total nephron number and mean glomerular volume

Total nephron number (Nyjom) Was remarkably similar in
Senegalese Africans {geometric mean 937 967 [859
432-1 023 686 95% confidence interval (95% CI)]} and
African Americans [geometric mean 904 412 (801 466—
1 020 571 95% CI)], with the upper limit of the range
being higher in African Americans (up to 2 026 541)
(Table 2, Figure 2).

In contrast, mean glomerular volume (Vgjom) differed
greatly between the two populations (Table 2, Figure 3).
Vsiom Was 54% greater in African Americans who also dis-
played a 4.5-fold range in Vgyom compared to the 3.0-fold
range in Senegalese. Furthermore, following adjustment
for BSA, Vgiom in African Americans remained 38%
greater than in the Senegalese (P < 0.0001).

The significant difference in Vyom Was also observed
when the comparison was restricted to subjects with
BSA within the range of 1.4-2.1 m* (all 39 Senegalese,
21 African Americans). Vyiom Was found to be 48% larger in
African Americans, with a mean of 7.95 um?® x 10° in Afri-
can Americans and 5.38 um® x 10° in Senegalese Africans

500000 1000000 1500000 2000000500000 1000000 1500000 2000000
Total nephron number

Fig. 2. Distribution of total nephron number (Ngjom) in kidneys of
Senegalese Africans and age- and sex-matched African Americans.
Curves correlated using kernel density.

(P < 0.0001), despite similar mean BSA (Senegalese:
1.83 m? and African American: 1.85 m?, P = 0.60). Lin-
ear regression showed that predicted Vgiom Was greater in
African Americans than in Senegalese Africans for all
BSA (Figure 4A). The relationship between Vyjom and
BSA was similar between the groups with no significant
interactions (P = 0.74).

Relationships between Vo, Ngiom and age

Vsiom Was inversely correlated with Ngjon in both groups
(Figure 4B). Similar relationships between Vyjom and Ngjom
were observed for both groups: for every one million in-
crease in nephron number, glomerular volume was found
to be 2.94 pm® x 10° smaller in African Americans and
2.73 ym® x 10° smaller in Senegalese Africans. There
was no difference between the beta coefficients of each
group (P = 0.89). However, glomeruli of African Ameri-
cans were significantly larger than those of Senegalese at
all nephron numbers (P = 0.049); the difference in volume
by race was 2.90 pm’> x 10° (P < 0.001). Vgiom increased
with increasing age in African Americans (» = 0.32, P =
0.04), but not in Senegalese Africans (» = 0.08, P = 0.61)
(Figure 5).

Veiom and hypertension in Afiican Americans

Twenty-four of the 38 African Americans (63%) were hy-
pertensive. The hypertensive status of the Senegalese Afri-
cans is not known. However, there were no significant
differences in Vyjom among African Americans who were

Table 2. Total nephron number (Nyjom) and mean glomerular volume (Vo) in Senegalese Afticans and African Americans

Senegalese Africans African Americans P-value
Ngtoms gmean (95% CI) 937 967 (859 432 — 1 023 686) 904 412 (801 466 — 1 020 571) 0.62
Nglom range 536 171 — 1 764 421 395 054 — 2 026 541
Velom (um® x 10%), mean (SD) 5.38 (1.25) 8.30 (2.92) <0.0001
Vglom range 2.52 - 7.54 3.48 — 15.61
Velom (BSA-adjusted) (um® x 10°) 5.74 7.94 <0.0001

Gmean, geometric mean; 95% CI, 95% confidence interval.
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Fig. 3. Distribution of mean glomerular volume (V4jom) in kidneys of
Senegalese Africans (white columns) and age- and sex-matched African
Americans (dark columns). Curves correlated using kernel density.

and were not hypertensive (P = 0.12), and the Vgjom of
those who were not hypertensive was still larger than in
the Senegalese (P = 0.02) (Table 3). Ngjom did not differ
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Fig. 5. Mean glomerular volume by age in Senegalese Africans (17 =
0.01, P = 0.61) and African Americans (> = 0.10, P = 0.04).

between hypertensive and non-hypertensive African Amer-
icans (P = 0.94) or compared to Senegalese Africans (P =
1.00, P = 1.00).

Cause of death analysis

A significantly greater proportion of African Americans
died of coronary artery disease/cerebrovascular disease
(CAD/CVD)-related causes (51.3%, 20 cases) compared
to the Senegalese Africans (5.1%, two cases). Cause of
death due to CAD/CVD did not appear to be associated with
consistent variations in Nyjom Or Vgjom, there being no differ-
ence in Vyjom (P =0.78), Ngiom (P = 0.25), age (P = 0.74) or
BSA (P = 0.58) between African Americans who died of
CAD/CVD-related causes and the remaining African
American subjects. Only kidney weight was significantly
greater in those with cardiac-related deaths (P = 0.033),
but this was predominantly accounted for by body weight,
as the kidney-to-body weight ratio was not significantly dif-
ferent (P = 0.197). Cardiac-related deaths in the Senegalese
sample (n = 2) were too few to allow meaningful compari-
son with the remaining subjects (n = 37).

A comparison of African Americans and Senegalese
Africans dying of non-CAD/CVD-related deaths (n = 19
and n = 37) found the same relationships that were ob-
served in the comparison of the whole population samples.

Discussion

The main objective of this study was to compare total
nephron number and mean glomerular volume in age-
and sex-matched African Americans and native West Afri-
cans from Dakar in Senegal. Three principal findings
emerged from the comparison: (i) total nephron number
per kidney (Ngiom) Was remarkably similar in the two
races; (ii) mean glomerular volume (Vyiom) Was signifi-
cantly greater in African Americans than in Senegalese
and was not completely accounted for by differences in
body size; and (iii) kidney weight was greater in African
Americans than in Senegalese but was largely accounted
for by the difference in body size.
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Table 3. Physical characteristics and kidney data for Senegalese Africans compared to African Americans by hypertensive (HT) status

African Americans P-value

Senegalese

A. (n=139) B. Non-HT (n = 14) C. HT (n = 24) (A vs B) (Avs C) (B vs C)
Age (years) 42.3 (14.9) 32.0 (11.5) 46.7 (12.2) 0.05 0.65 0.006
Height (cm) 168.2 (7.0) 178.7 (16.2) 175.1 (10.3) 0.005 0.03 0.91
Weight (kg) 71.0 (10.9) 83.3 (23.3) 90.5 (27.9) 0.15 0.001 0.88
BSA (m?) 1.83 (0.16) 2.03 (0.33) 2.10 (0.37) 0.07 0.001 1.00
BMI (kg/m?) 252 (4.2) 26.4 (6.8) 30.5 (8.8) 1.00 0.006 0.18
Nglom 972 825 (277 237) 899 343 (334 835) 1011 123 (392 696) 1.00 1.00 0.94
Velom (um?® x 10°) 5.38 (1.25) 7.31 (2.02) 8.88 (3.30) 0.02 <0.0001 0.12

The similarity in Ngjom in African Americans and Sene-
galese Africans was remarkable, differing by only 3.6%,
despite weakening of genetic ties by racial admixing and
differences in prenatal nutrition and prenatal care in the
different countries. Ngjom measured at autopsy reflects
both nephron endowment (the number of nephrons
formed during fetal development) and subsequent neph-
ron loss throughout postnatal life. However, regardless
of endowment or possible nephron loss, the similarity
in nephron number in these two groups, as determined
at autopsy, means that in African Americans a similar
complement of nephrons is required to provide for the
demands of a larger body size (larger in both height
and weight). In larger African Americans, particularly
those with low numbers of nephrons, single nephron fil-
tration rates are likely to be increased and greater strain
may be placed on individual nephrons compared to their
smaller African counterparts.

The difference in mean glomerular volume in these two
populations of West African origin was striking. Although
differences in Vyjom could result from differences in tissue
deformation during tissue processing, the strict histology
protocols conducted within the same laboratory for all
kidneys and the magnitude of the difference between the
races make this an unlikely explanation. Vyjom in African
Americans was more than 1.5-times that in the Senegalese
Africans from Dakar. Furthermore, a significant amount
of glomerular enlargement in African Americans was
independent of body size—Ilarger body size in African
Americans only accounted for 16% of the difference in
the overall sample. Larger glomerular size was clearly
observed in African Americans within the same range
of body sizes as the Senegalese. A similar Vyjon to the
Senegalese has been observed in non-hypertensive Danes
(5.98 ym® x 10°), who also had a low mean BSA (1.70 m?)
[4]. Vglom in the African Americans in this study was not
dissimilar to that in Caucasian Americans (7.1 pm® x 10°)
and in Aboriginal Australians (7.7 pm® x 10°) simulta-
neously studied by our group [26]. Substantial propor-
tions of those populations had hypertension documented
prior to death, and Vyom tended to be higher in those
who were hypertensive than those who were not [26].

Both populations of African origin demonstrated an in-
verse relationship between Vgjom and Ngiom, so that
kidneys with more glomeruli tended to have smaller glo-
meruli than those with fewer nephrons. This fundamental
relationship has been observed in many autopsy study

populations [1], and here we demonstrated that the rela-
tionship was similar for both groups, but with greater
variation in African Americans and increased glomerular
volume in African Americans at all levels of nephron
number compared to Senegalese.

The increased Vyom in African American subjects
appeared to be related to age. This apparent age-related
enlargement was not directly related to larger body size,
as BSA did not change significantly with age. However,
it may reflect accumulated exposure to environmental
stressors with increasing age in African Americans that
are not present to the same extent in Senegalese Africans.

Rates of hypertension are known to increase with age in
both populations [27,28], with considerable prevalence re-
ported for both populations. Direct comparisons of the prev-
alence in each population are difficult due to differences in
collection methods and definitions. In 1990, 18.3% ofurban
Senegalese males and 33.9% of urban Senegalese females
aged 45-55 years were hypertensive (defined as blood pres-
sure (BP) 2 160/95 mm Hg) [27]. The National Health and
Nutrition Examination Survey (NHANES) survey found
that the prevalence of hypertension (defined as = 140/90
mm Hg) in African Americans was 40% in those aged
40-59 years [28]. Comparing standardized and adjusted
rates using the World Health Organization Global Compa-
rable Estimates Tool [29], mean BP in Senegal (133.8 mm
Hg) was higher than the national mean for the USA (123.3
mm Hg).

Analysis of the effect of hypertension on glomerular
volume was not the main aim of this study as individual
blood pressure data were not available for the Senegalese
African cohort. Despite this, our study demonstrated that
Vglom in African Americans was significantly greater com-
pared to Senegalese regardless of their hypertensive status
in this small sample. This finding suggests that other fac-
tors, or at least factors acting prior to a diagnosis of hyper-
tension, may be driving greater glomerular hypertrophy in
the African Americans.

African Americans had a larger kidney weight than the
Senegalese Africans, but kidney-to-body weight ratio was
not significantly different. Increased BSA is associated
with increased kidney weight [3,4,15]. Recorded kidney
weights of previously studied autopsy populations vary
widely, from 161.9 to 217.6 g in Australians and Ameri-
cans. In the older Danish population, mean kidney weight
was 131g [4], and a study of kidney weight in autopsy
cases from black tribes in Southern Africa in 19831985
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found mean combined kidney weight varied from 213 to
245 g [30], therefore ~107 to 123 g for single kidneys.
In the current study, while kidneys of African Americans
were heavier compared to those of Senegalese Africans,
glomerular volume per gramme of kidney weight was
significantly greater in African Americans than in Sene-
galese. When considered with the similarity of total neph-
ron number in the two groups, this highlights the greater
degree of nephron and/or glomerular enlargement occur-
ring in the African Americans.

The increased glomerular volume of African Ameri-
cans compared to their African counterparts may reflect
the genetic and environmental factors that have changed
with the relocation of Africans to North America. Enlarged
glomeruli are thought to be more susceptible to sclerosis as a
consequence of hyperfiltration and podocyte dysfunction
[31,32], and larger glomerular size has been demonstrated
in populations, including African Americans, who are at
high risk of chronic kidney disease [22,33]. The inheritance
of several MYH9 polymorphisms has been linked to the in-
creased risk of African Americans for non-diabetic chronic
kidney disease. The increased risk is strongest for focal seg-
mental glomerulosclerosis but also includes hypertension.
MYHY encodes non-muscle 3-actin which is a major cyto-
skeletal component of podocytes. Individuals who have in-
herited African rather than protective Caucasian alleles
may be more susceptible to podoycte injury for any of sev-
eral causes of glomerular stress that may themselves be
environmental [34].

In summary, this study demonstrated similar numbers
of nephrons in the kidneys of African Americans and Se-
negalese Africans from an urban community, but much
greater glomerular volumes in the kidneys of African
Americans. Glomerular enlargement in African Americans
was largely independent of body size and was proportion-
ately greater than the overall kidney enlargement. The find-
ings in these two black populations with common genetic
constitution suggest that environmental factors or gene—
environment interactions are likely to underlie the glomeru-
lar enlargement in African Americans.
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Abstract

Background. Cyclophosphamide is an alkylating agent
and was traditionally known to potentiate the renal action
of vasopressin. Although low-dose intravenous pulse cy-
clophosphamide therapy is being used extensively in the
treatment of malignant and rheumatological diseases, there
have been only a few case reports of cyclophosphamide-
induced hyponatraemia.

Methods. Clinical data were retrospectively analysed from
84 patients (42 lupus nephritis; 42 non-Hodgkin's lympho-
ma; a total of 112 treatment episodes) admitted for intrave-
nous pulse cyclophosphamide (500—750 mg/m?) therapy. In
all patients, half-isotonic saline was used for prophylactic
hydration. Cyclophosphamide-induced hyponatraemia was
defined as serum sodium concentration <135 mEq/L at
24 hours after the therapy in patients whose basal serum so-
dium concentrations were normal.

Results. After the low-dose intravenous pulse cyclophos-
phamide, serum sodium concentration significantly de-
creased from 139.9 + 3.5 to 137.9 + 5.1 mEq/L (P <
0.001). Cyclophosphamide-induced hyponatraemia oc-
curred in 15 treatment episodes (13.4%) from 12 patients
(14.3%). Patients with hyponatraemia were significantly
older than those without hyponatraemia (57.3 £ 14.7 vs.
40.0 £ 17.0 years, P < 0.01). Hyponatraemia was associ-
ated with male sex on univariate analysis (P < 0.05), but
not on multivariate analysis. No factors were found to in-
dependently predict the occurrence of cyclophosphamide-
induced hyponatraemia when multivariate analysis was
performed including parameters age, sex, underlying dis-

ease, presence or absence of comorbidities associated
with hyponatraemia, presence or absence of concurrent
medications associated with hyponatraemia and dose of
cyclophosphamide.

Conclusions. Hyponatraemia occurring after low-dose
intravenous pulse cyclophosphamide is not rare, especially
when hypotonic solutions are adopted for hydration proto-
col. Thus, the use of hypotonic fluids should be avoided
when using cyclophosphamide. Instead, isotonic solutions
should be used if a forced diuresis is required.

Keywords: cyclophosphamide; hyponatraemia; lupus; lymphoma; risk

Introduction

Cyclophosphamide is an alkylating agent used extensively
in the treatment of malignant and rheumatological diseases.
Its side effects include bone marrow suppression, infection,
alopecia, sterility, bladder malignancy and haemorrhagic
cystitis [1]. However, it is less well known that intravenous
cyclophosphamide reduces the ability of the kidney to ex-
crete water. Since forced hydration is used routinely to pre-
vent haemorrhagic cystitis, treated patients may retain
water, and rapidly develop severe hyponatraemia [2].
Previously, when high doses (>50 mg/kg) of cyclophos-
phamide were used to induce immunosuppression before
bone marrow transplantation and to treat neoplastic dis-
eases, hyponatraemia might have been a major complication
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