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Acid—Base and Electrolyte Abnormalities in Patients
With Acute Leukemia

Haralampos J. Milionis, Constantinos L. Bourantas, Kostas C. Siamopoulos, Moses S. Elisaf*
Department of Internal Medicine, Medical School, University of loannina, Greece

Disturbances of acid—base balance and electrolyte abnormalities are commonly seen in
patients with acute leukemia. Our study aimed at illuminating the probable pathogenetic
mechanisms responsible for these disturbances in patients with acute leukemia admitted
to our hospital. We studied 66 patients (24 men and 44 women) aged between 17 and 87
years old on their admission and prior to any therapeutic intervention. Patients with
diabetes mellitus, acute or chronic renal failure, hepatic failure, patients receiving drugs
that influence acid—base status and electrolyte parameters during the last month, such as
corticosteroids, cisplatin, diuretics, antacids, aminoglycosides, amphotericin, penicillin,
and K+, PO,%~, or Mg 2* supplements were excluded. Forty-one patients had at least one
acid-base or electrolyte disturbance. There were no significant differences in the inci-
dence of acid—base balance and electrolyte abnormalities between patients with acute
myeloid leukemia (AML) and patients with acute lymphoblastic leukemia (ALL). The most
frequent electrolyte abnormality was hypokalemia, observed in 41 patients (63%), namely
in 34 patients with AML, and 7 with ALL; the main underlying pathophysiologic mecha-
nism was inappropriate kaliuresis. Furthermore, hypokalemic patients more frequently
experienced concurrent electrolyte disturbances (i.e., hyponatremia, hypocalcemia, hy-
pophosphatemia, and hypomagnesemia), as well as various acid—base abnormalities
compared to normokalemic patients. Hypokalemia in patients with acute leukemia may
serve as an indicator of multiple concurrent, interrelated electrolyte disturbances, espe-
cially in patients with AML. Am. J. Hematol. 62:201-207, 1999. © 1999 Wiley-Liss, Inc.
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INTRODUCTION were studied. Fifty-four patients had acute myeloid leu-

Disturbances of acid—base balance and electrolyte Il%e_mla (AML), and 12 patients had acute lymphoblastic

normalities are commonly seen in patients with acu ?eunﬁzwgréﬁll_all_s).siﬁend r::t&lg%l_c g)leawrr;rzre]ltTng,)A'\l\//llé_ (Ea-
leukemia, due to either leukemic processes, organ infil- - R
Lxernia, due 1o el uKemic p gan M2y ‘M4 (n = 17), and M5 6 = 15). Two patients

tration, and cell death or to adverse effects of cytotoxic X .
y §6.7%) had T-cell leukemia and ten patients had B-cell

drugs [1,2]. Among these metabolic perturbations, hypo- / )
gs[1.2] g P yp ukemia. Twenty-seven AML patients and seven ALL

kalemia appears to be the most frequent [3,4]. However, ' . . . X .
detailed analysis of these abnormalities and their intdf@tients were included in the study on first diagnosis.

relations in leukemic patients is lacking. We undertookli"€en AML patients and one ALL patient were in-
the present study in order to illuminate the pathophysfluded after relapsing. Two out of these 13 AML patients
ologic mechanisms responsible for the development @¥Perienced their second relapse. Fourteen AML patients
acid—base and electrolyte disorders in patients with ac@@ad four ALL patients were at disease remission follow-

leukemia admitted to our hospital.
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A total of 66 patients with acute leukemia, aged 17-87
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ing intensive chemotherapy. In treated patients the av@pBLE I. Urinalysis Results
age time between therapeutic interventions and blogg bance AML patients ALL patients
and urine sampling was 2 weeks. —

Forty-two patients (out of the total 66) were admittegrot‘?;{?“”a (>1+) 6 0
because of various emergencies: i.c. fever with or withy - 12 @ 2(0)

. . "Microscopic hematurfa
out sore throatN = 26), and refractory gastrointestinalsranular casts 13 0

complaints [v_omiting N = -9) or diarrhea il = 7)] Of 24, h urine protein concentration >150 mg (180-310 mg).
these 42 pa‘_tlents’ 13 patients were newly dlag,nosed" re than 3 leukocytes per high-power field in the absence of positive
suffered a disease relapse, and 15 were readmitted af{&k cuitures.
having completed the remission induction phase. Fufdore than 3 erythrocytes per high-power field. In parentheses, number of
thermore, six patients were recovering from aplasia (neratients with severe thrombocytopenia (platelets <10.006jmm
trophil count 900-1400 mnd, platelet count 8,000—
33,000mm?) following remission inductiony = 4) and calculated from the equation TTK& [urine K*/(Uggn{
consolidation therapyN = 2). Poeml/serum K. A fractional excretion of more than
Patients with diabetes mellitus, acute or chronic ren@l4%, as well as a TTKG greater than 2 were considered
failure, hepatic failure, patients receiving drugs that iras inappropriate kaliuresis in hypokalemic patients [10—
fluence acid—base status and electrolyte parameters dift}.
ing the last month, such as corticosteroids, cisplatin, di-In hypomagnesemic patients the fractional excretion
uretics, antacids, aminoglycosides, amphotericin, pewf Mg?* (FEMg?*) was calculated from the equation
cillin, and K*, PQ,*", or Mg?* supplements were FEMg* (%) = (urine Mg* x serum creatinine) x 100/
excluded. Upon their admission and prior to any theréserum Mg@™ x urine creatinine). A value more than 4%
peutic intervention, venous blood was drawn for the devas considered indicative of inappropriate ¥dpss in
termination of serum glucose, urea, creatinine, total pre urine [13].
teins, albumin, K, Na*, C&*, PO, CI-, Mg?*, and The fractional excretion of PO~ (FEPQ?2") in pa-
HCO;™. To avoid the transfer of electrolytes into metatients with hypophosphatemia was calculated from the
bolically active leukemic cells, we separated the blooghjuation FEPCF~ (%) = (urine PQ3~ x serum creati-
from cells rapidly. Serum osmolalityP(.,) was mea- nine) x 100/(serum P~ x urine creatinine). A frac-
sured by vapor-action osmometer and arterial blood whsnal excretion of more than 20% was considered as
obtained for blood gases measurements. In patients witlappropriate [14]. The renal tubular threshold concen-
hypoalbuminemia (serum albumin < 40 g/l) correctettation for PQ3~ (TmPQ,3 /glomerular filtration rate)
serum Mg@* was calculated using the formula: correctedias determined by the nomogram of Walton and Bijvoet
Mg2* (mmol/l) = measured Mg (mmol/l) + 0.005 x [15].
(40 - albumin g/l) [5]. Moreover, the corrected for the Urinalysis (including microscopy), and 24 h urinary
degree of hypoalbuminemia serum?Cavas calculated protein determination were performed in all patients
by adding 0.2 mmol/l to the total serum €aoncentra- upon admission.
tion for every 10 g/l decrement in serum albumin from Statistical analysis was performed k¥ test. Linear
normal value (assumed to be 40 g/l) [6]. Serum anion gagpgression analysis was used for the correlation between
(SAG) was calculated from the equation: SAGNa" — parameters. For non-normally distributed parameters
(CI= + HCO;) [7]. Additionally, in cases of increased(i.e., pH) logarithmically transformed values were used
SAG the presence of a mixed acid—base disorder wias regression analysis. The significance level was set at
tested by determining th&AG/AHCO;™ ratio, which in  0.05.
cases of isolated (pure) high SAG metabolic acidosis is
between 1 and 2 [8].
At the same time fresh urine specimen was tested %FSULTS
osmolality (Uosm), creatinine, ¥ Na*, C&*, PQ,*, Urinalysis (including microscopy) results, shown in
Cl, Mg?*. Table |, revealed that microscopic hematuria was the
In hyponatremic patients the fractional excretion ahost common finding, even though patients with severe
Na* (FENa) was calculated from the equation: FENathrombocytopenia (platelets <10,000/f)nwere ex-
(%) = (urine N& x serum creatinine) x 100/(serum Na cluded. Granular casts, pyuria, and proteinuria were also
x urine creatinine). A fractional excretion of less thaevident in the urine examination of patients with electro-
0.1% was considered as indicative of hypovolemia [9]lyte disturbances. Finally, uric acid and phosphate crys-
In hypokalemic patients the fractional excretion of Ktals were also occasionally found in 9 and 4 patients,
(FEK*) was calculated from the equation FEK%6) = respectively.
(urine K" x serum creatinine) x 100/(serun k& urine The acid—base and electrolyte abnormalities of the
creatinine), and the transtubular gradient (TTKG) was study population are shown in Table Il. Forty-one pa-
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TABLE Il. Acid—Base Disturbances and Electrolyte Abnormalities in Patients With Acute Myelogenous Leukemia (AML) vs
Acute Lymphoblastic Leukemia (ALL)

AML patients ALL patients
(N = 54) (N = 12) P

Electrolyte abnormalities
Hypokalemia (serum potassium <3.5 mmol/l, range 2.5-3.3 mmol/l) 34/54 (63%) 7112 (58.3%) NS
Hyponatremia (serum sodium <135 mmol/l, range 131-134 mmol/l) 5/54 (9.3%) 1/12 (8.3%) NS
Hypomagnesemia (corrected serum magnesium <0.65 mmol/l, range 0.47-0.61 mmol/l) 17/54 (31.5%) 3/12 (25%) NS
Hypophosphatemia (serum phosphorus <2.5 mg/dl, range 1.6—2.3 mg/dl) 19/54 (35.2%) 2/12 (16.6%) NS
Hypocalcemia (serum calcium <8.4 mg/dl, range 5.7-8.2 mg/dl) 28/54 (51.9%) 2/12 (16.6%) <0.05
Acid-base disturbances 14/54 (26%) 3/12 (25%) NS
Pure respiratory alkalosis 2/54 1/12 NS
Pure metabolic alkalosis 3/54 1/12 NS
Mixed respiratory alkalosis and metabolic alkalosis 2/54 - NS
Normochloremic metabolic acidosis and respiratory alkalosis 3/54 1/12 NS
Hyperchloremic metabolic acidosis and respiratory alkalosis 2/54 - NS
Mixed metabolic alkalosis and respiratory acidosis 2/54 - NS

tients had at least one acid—base disorder or electrolfEEMg?* > 4%), partly related to the coexistent meta-
disturbance. Hypokalemia was the most frequent electitmelic acidosis (3 patients), and hypophosphatemia (7 pa-
lyte abnormality observed in 41 patients (63%). All hytients). Additionally, in 5 patients with hypomagnesemia
pokalemic patients had evidence of renat #asting and renal Mg+ wasting there were abnormal findings in
(FEK* > 6.4%, TTKG > 2), while serum Klevels were the urine examination including urinary casts (5 pa-
inversely correlated with both FEK(r = -0.65,p = tients), proteinuria (2 patients), pyuria (2 patients), and
0.0001) and TTKGR = -0.55,P = 0.001). Eighteen microscopic hematuria (4 patients). Of the remaining 12
hypokalemic patients experienced severe hypomagnegatients, 4 had alkalemia, and 3 had a history of diarrhea.
mia (serum M§* < 0.55 mmol/l), while serum Klevels Serum Mg" levels were not correlated with total leuko-
were correlated with serum Mglevels R = 0.36,P = cyte count, arterial pH, serum B® levels or FEMg".
0.02). Thirteen hypokalemic patients had at least oneTwenty-one patients (31.8%) had hypophosphatemia.
abnormal finding in the urine examination (13 had mioOf these, 11 had also significant phosphaturia (FEPO
croscopic hematuria, 6 proteinuria, 6 pyuria, and 10 ha®0%, TmPQ3/GFR<2.7 mg/dl), possibly due to the
urinary casts). Three hypokalemic patients also hadcaexistent hypomagnesemia (five patients), and meta-
history of diarrhea, and nine had alkalemia. However, rmlic acidosis (two patients). The remaining four hypo-
correlation between serum*Hevels and total leukocyte phosphatemic patients with inappropriate phosphaturia
count or arterial pH was observed. It should be meexhibited abnormal findings in the urinary examination
tioned that the incidence of hypokalemia was higher ifurinary casts, microscopic hematuria, as well as phos-
patients with acute monocytic and acute myelomonocyfihate crystals). Two hypophosphatemic patients had a
leukemia compared to those of the other AML groupshronic diarrheal syndrome, while three exhibited respi-
(81.2% vs 27.2%P = 0.0001). ratory alkalosis. Interestingly, an inverse correlation be-
Hyponatremia was found in 6 patients (9%). Four dfveen serum PG~ levels and FEPGZ~ (R = -0.47,P
these patients were hypovolemic, with a urea/creatininre 0.0001) was observed, while a positive correlatiBn (
ratio greater than 40 and a FENa 0.1% (two patients = 0.40,P = 0.01) between serum*kand PQ3~ levels
presented with vomiting, one with diarrhea, and one witas evident. However, serum FO levels were not cor-
both diarrhea and vomiting). Two patients exhibited hyrelated with total leukocyte count, arterial pH or serum
ponatremia with inappropriate natriuresis (FENa3%). Mg?* levels.
One of them fulfilled the criteria for the diagnosis of the Thirty patients (45.4%) had hypocalcemia. However,
syndrome of inappropriate antidiuresis [16], while in thenly 13 hypocalcemic patients (19.7%) had true hypo-
second patient [who had a slight increase in serum cielcemia (12 with AML and 1 with ALL), when the
atinine (i.e., 1.6 mg/dl), abnormal findings in the urineorrected for the degree of hypoalbuminemia seruit Ca
examination (granular casts), clinical as well as laboraencentration was calculated (serum?C&.2-8.2 mg/
tory evidence of extracellular volume depletion], the didl). Eight of the 13 hypocalcemic patients had also hy-
agnosis of the so-called renal salt wasting syndrome wasmagnesemia, and 3 more had primary respiratory al-
established. It should be mentioned that in hyponatrenkialosis and increased calciuria (FEC& 3%). Bacter-
patients there was no evidence of underlying infectionemia was proved in three febrile hypocalcemic patients
Hypomagnesemia was seen in 20 (30.3%) patient&.of whom had also hypomagnesemia), while 2 patients
Eight of these patients had inappropriate magnesiuhad Gl tract losses. Serum €devels were well corre-
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TABLE IllA. Electrolyte Abnormalities and Acid—Base
Disturbances in Hypokalemic vs Normokalemic Patients With
Acute Leukemia

Milionis et al.

TABLE IlIB. Electrolyte Abnormalities and Acid—Base
Disturbances in Patients With Marked Hypokalemia (Serum
Potassium <2.8 mmol/l) vs Patients With Mild Hypokalemia

(Serum Potassium 2.8-3.3 mmol/l)

Hypokalemic ~ Normokalemic
patients patients Patients with
Abnormality (N = 41) (N = 25) P marked Patients with mild
hypokalemia hypokalemia
Electrolyte abnormalities Abnormality (N = 19) (N = 22) P

Hyponatremia
Hypocalcemia

6/41 (14.6%)
28/41 (68.3%)

0/25 (0%)

2/25 (8%) <0.001Electrolyte abnormalities

Hypophosphatemia 18/41 (44%) 3/25 (12%) <0.01 Hyponatremia 2/19 (10.5%) 4/22 (18.2%) NS

Hypomagnesemia 18/41 (44%) 2/25 (8%) <0.01 Hypocalcemia 14/19 (73.7%) 14/22 (63.6%) NS

Acid—base disturbances 17/41 (41%) 0/25 (0%) <0.005 Hypophosphatemia 15/19 (79%) 3/22 (13.6%) 0.01
Hypomagnesemia 14/19 (73.7%) 4/22 (18.2%) 0.01
Acid-base disturbances 12/19 (63.1%) 5/22 (22.7%) 0.01

lated with serum Mg" levels R = 0.57,P = 0.001),

arterial pH R = -0.26,P = 0.029), and serum Klevels admission. Blood cultures were positive fescherichia

(R = 0.65,P = 0.001). In addition to the 3 patients withcoli in three patients anHlebsiella pneumophilan one
respiratory alkalosis, 4 more hypocalcemic patients egase. Arterial pH was between 7.32 and 7,880, be-
hibited increased calciuria, while serum?Ctevels were tween 28 and 32 mmHg, and HGOconcentration be-
inversely correlated with FECGa (R = -0.38, P = tween 19 and 21 mmol/l. SAG ranged between 19 and 21
0.01). Among these 4 patients, three had low serummol/l, while the AAG/AHCO;™ ratio was close to 2.
PO, levels, and 2 had abnormal findings in the urinarfhe remaining two patients (3%) had a primary hyper-
examination (proteinuria, granular casts). chloremic metabolic acidosis coexisting with a primary

Seventeen out of 66 patients had acid—base distuespiratory alkalosis, a disturbance detected by a mea-
bances (Tables Il and IIl). Specifically, three patientsuredpCO, less than that predicted by the formula of
(4.5%) had primary respiratory alkalosis with a meaAlbert et al. [17]. On admission, both patients com-
arterial pH of 7.48 (range 7.47-7.49), a me@&0, of 32 plained of acute onset diarrhea, and Salmonella enteriti-
mmHg (range 30-35 mmHg), and a mean HC©on- dis was isolated in stool cultures in both cases. Arterial
centration of 21 mmol/l (range 19-22 mmol/L). All threepH was 7.34 and 7.35CO, 29 and 32 mmHgpO, 56
patients exhibited severe hypoxempd{ < 60 mmHg). and 53 mmHg, serum HCO concentration 19 and 20

Four patients (6%) exhibited pure metabolic alkalosimmol/l, SAG 8 and 9 mmol/l, and serumGioncentra-
(mainly owing to upper gastrointestinal fluid loss) with dion 107 and 109 mmol/l, respectively.
mean arterial pH of 7.48 (range 7.47-7.50), a mg20, Two patients (3%) had a primary metabolic alkalosis
of 46 mmHg (range 44-48 mmHg), and a mean HCOcombined with a primary respiratory acidosis. This
concentration of 29 mmol/l (range 28—-30 mmol/l). Thesmixed acid—base disorder was diagnosed by a measured
patients were severely hypokalemic (serumlévels be- pCO, more than that predicted by the respiratory com-
tween 2.5 and 2.7 mmol/l), and hypovolemic [increasqeensation of metabolic alkalosis (increasepaO, by
serum urea/creatinine ratio and decreased urine@i- 0.6-0.7 mmHg for each 1 mmol/l increase in HCO
centration (<20 mmol/l)]. concentration). Serum-Kconcentration was 2.6 and 2.8

Two patients (3%) had mixed respiratory and metanmol/l, respectively. On admission, lower respiratory in-
bolic alkalosis. Both patients displayed hypoxenp®4 fection was clinically and radiologically evident, and in
55 and 58 mmHg, respectively), hypovolemia, and hyne case pneumococcus was isolated from blood cul-
pokalemia (serum K2.6 and 2.7 mmol/l). Arterial pH tures. Arterial pH was 7.47 and 7.48C0O, 49 and 50
was 7.51 and 7.5¢CO, 34.5 and 33 mmHg, and HGO mmHg, and HC@ concentration was 34 and 36 mmol/
concentration 27 and 29 mmol/l, respectively. L, respectively.

Six patients (9%) experienced a primary metabolic There were no significant differences in the incidence
acidosis coexisting with a primary respiratory alkalosigf electrolyte abnormalities and acid—base equilibrium
Four of these patients (6%) had a primary normochlordisturbances between patients with AML and ALL, ex-
mic (wide-gap) metabolic acidosis in concurrence with @ept for hypocalcemia, which was more frequently ob-
primary respiratory alkalosis, defined by a measureskrved in AML patients (Table Il). It is worth mentioning
pCO, less than the predicted by Albert's formula (17)hat concurrent acid—base and electrolyte abnormalities
[expected arterial carbon dioxide tensienl.5 x (serum were evident mainly in patients with acute leukemia and
HCO;™) + 8 £ 2]. These patients had also a decreasdrypokalemia. In fact, as shown in Table lllIA, the inci-
AAG/AHCO;™ ratio, as the decrease in serum HCO dence of electrolyte and acid—base disorders was signifi-
concentration was significantly higher than the increasantly higher in hypokalemic compared to normokalemic
in SAG. Underlying infection was highly suspected opatients. Additionally, patients with marked hypokalemia
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(serum K < 2.8 mmol/l) exhibited a higher incidence ofdepletion and tubular dysfunction beyond lysozymuria
hypophosphatemia, hypomagnesemia, and acid—base(@d). Moreover, it is well established that hypomagnese-
rangements compared to patients with mild hypokalemmaia of any cause produces*Kdepletion due to both
(serum K 2.8-3.3 mmol/l) [Table 1lIB]. Interestingly, in urinary and fecal losses [25,26]. In fact, serurhl&vels
hypokalemic patients serum*Kevels were well corre- were well correlated with serum Mglevels, while hy-
lated with serum Mg" (R = 0.34,P < 0.01) and PG~ pomagnesemia was noted concurrently with kaliuresis in
(R = 0.31,P <0.05) levels. Furthermore, the state of th&8 patients. Finally, despite the absence of correlation
disease does not seem to significantly influence the pré®tween hypokalemia and arterial pH as well as white
ence of these abnormalities, which were equally evidebibod cell count, it should be pointed out that Kntry

in patients at disease remission, after relapse, or on firsto metabolically active cells may also contribute to
diagnosis (data not shown). serum K levels decrease [27], as it was noticed in pa-
tients with alkalemia (9 patients) and marked leukocyto-
sis (6 patients).

DISCUSSION Hyponatremia was infrequently noticed in our patients

Alterations of the water-electrolyte balance are nof6 cases). Hypovolemic hyponatremia (volume contrac-
infrequent disease-associated complications in patietiten due mainly to gastrointestinal fluid losses) was noted
with acute leukemia. Although not life-threatening pein 4 patients. One patient fulfilled the criteria of SIADH
se, these abnormalities may be hazardous because of(#ymdrome of inappropriate ADH secretion) [16]. Even
potential chemotherapy-related cardiotoxic effects. Bhough neoplasias are among the commonest causes of
fact, fatal complications, such as sudden death due $PADH [28,29], hyponatremia and hypochloremia sec-
malignant arrhythmias, have been reported in leukenmondary to SIADH have been infrequently reported in the
patients as an associated synergistic effect between asétting of acute leukemia, and they are related either to
neoplastic drugs and electrolyte disorders [2,18,1%he leukemic process per se [2] or to high-dose cytosine
However, considering the need for prompt initiation ofrabinoside chemotherapy, which was not the case in our
treatment in patients with acute leukemia, cliniciangatient [30]. Additionally, no hyponatremic patient had
should be vigilant for early detection and correction ainy evidence of underlying infection or CNS involve-
concurrent acid—base and electrolyte disturbances alangnt, which are common causes of SIADH in the every-
with the treatment of the disease. It is of interest that iy clinical practice. Finally, salt-losing nephropathy
our study electrolyte and acid—base abnormalities mayWwes diagnosed to be the cause of hyponatremia in one
present regardless of the blast cell type (AML or ALL) opatient with evidence of mild renal function decline, ab-
the state of the disease. It must be considered, howevesrmal urinalysis findings, and hypovolemia. The patient
that disease- or chemotherapy-associated complicatitvasl no history of underlying renal disease or analgesic
may significantly contribute to the pathogenesis of thesduse, thus implicating a leukemia-induced tubular de-
disturbances. In the following section, we focus on thfect as the cause of renal Navasting.
responsible interrelated pathophysiological mechanismsHypomagnesemia was evident in about one third of
for the acid—base and electrolyte abnormalities in theukemic patients. According to our data no correlation
studied population. was exhibited between serum Rkidevels and total leu-

In our study, hypokalemia was the most pronouncdacyte count or arterial pH, though increased transcellu-
electrolyte abnormality. Hypokalemia, although notedar Mg?* shift from the extracellular to intracellular space
remains a poorly illuminated complication in leukemienay have contributed to the decreased serum*Ney-
patients, primarily in patients with acute monocytic andls, especially in patients with marked leukocytosis as
acute myelomonocytic leukemia (M4 and M5), and hasell as in the three patients with alkalemia [31,32]. Ad-
been mainly attributed to lysozymuria-induced renal tuditionally, increased gastrointestinal ffgloss is prob-
bular injury with kaliuresis [3,20-23]. In our cohort, theably the main pathogenetic mechanism of hypomagnese-
majority of hypokalemic patients had either M4 or M5nia in patients with acute or chronic diarrhea. However,
AML, but hypokalemia was also found in the other hishypomagnesemia coexisting with inappropriate magne-
tological types. Even though the association between lsiuria was noticed in eight patients, suggesting that in-
sozymuria and renal Kwasting is well documented, creased Mg* urinary losses may play a role in the patho-
hypokalemia and inappropriate kaliuresis could be duegenesis of Mg* depletion. Inappropriate magnesiuria
other mechanisms as well. In our study, serumlé¢els could be due to leukemia-induced and/or lysozyme-
were inversely correlated with FEKsuggesting the im- induced tubular dysfunction. It is well known that in
portant role of kaliuresis in producing*Kdepletion in patients with acute leukemia renal impairment may be
leukemic patients. Abnormal urinalysis findings (includassociated either with glomerular or tubular dysfunction
ing granular casts) in some hypokalemic patients is alg&20,23]. Indeed, in our study, active urinary sediment
indicative of a probable association between renal Kvas associated with magnesiuria (in 5 patients). More-
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over, it has been shown that leukemic cell products othints multifactorial origin hypocalcemia could be the
than lysozyme are also linked to renal tubular injury anesult of bacteremia [46,47]. Calciuria could have con-
increased electrolyte excretion [20]. Finally, metabolitributed to hypocalcemia in a considerable number of
acidosis and phosphate depletion observed in some pgtients. In such cases, it could be due to a primary
pomagnesemic patients could have been responsible tidvular lesion (evidenced by the active urinary sediment)
the inappropriate magnesiuria, which has been showndoto hypophosphatemia, which stimulates the production
arise from reduced Mg reabsorption in the loop of of 1,25-dihydroxy-vitamin D leading to an augmented
Henle as well as in the distal tubule [33,34]. intestinal C&* absorption with a resulting hypercalciuria
In some patients no apparent cause for hypomagnepts,49].
mia was found. This pronounced fall in serum ®g Beyond the simple acid-base disturbances observed
levels in these patients might be due to a low?¥Vigtake (respiratory alkalosis and metabolic alkalosis) whose eti-
owing to malnutrition commonly encountered in patientslogy is profound (hypoxemia and increased upper gas-
with acute leukemia. trointestinal losses in concert with hypovolemia and hy-
Hypophosphatemia, described in acute leukemia paekalemia), a number of mixed acid—base disorders were
tients, has been occasionally ascribed to a decrea$ednd in our cohort. Special attention should be drawn to
PQ,3" intake, but the leading causes are either a shift tife correct and careful interpretation of acid—base and
PQ,3" ions into rapidly growing tumor cells or inappro-electrolyte parameters in order to disclose and elucidate
priate urinary loss [35-37]. In our study, serum PO the underlying mechanisms of these mixed acid-base
levels were inversely correlated with FEFFQ signify- disorders. Underlying infection may have played a
ing the importance of phosphaturia in producing,FO prominent role in the development of these derange-
depletion. Hypophosphatemia and associated inappropnents. For example, in 4 patients septicemia was asso-
ate phosphaturia was observed in 5 patients with concuarated with a combination of respiratory alkalosis (due to
rent hypomagnesemia and in 2 patients with acidemiayperventilation) and metabolic acidosis (possibly due to
Even though hypophosphatemia could be the causelatic acidosis). Additionally, in two patients with an
inappropriate magnesiuria and hypomagnesemia, anute diarrheal illness a combination of diarrhea-induced
some cases it might also be the result of hypomagnesgperchloremic metabolic acidosis and respiratory alka-
mia, since in experimental Mg depletion phosphaturialosis was evident. Finally, in two patients with severe
unrelated to parathyroid hormone activity is a commdower respiratory infection and hypoxemia, a combina-
finding and is suggested to be due to a proximal defecttion of respiratory acidosis and metabolic alkalosis was
PQ,3" transport [38,39]. Acute metabolic acidosis causdésund. It is noteworthy that acid—base disorders were
loss of PQ®~in the urine and enhances cellular release abticed not only in patients with AML but in ALL pa-
the PQ3~ anions [40]. In cases of unexplained phosphdaients as well. However, our limited data in ALL patients
turia, tubular dysfunction (indicated by urinary casts anbw incidence in adults) obviate speculations on pos-
phosphate crystals) may be implicated. Young et al. reible statistical differences.
cently described a case of severe hypophosphatemia duRemarkably in our study, acid—base and electrolyte
to both increased utilization of B® by rapidly growing disturbances were more commonly observed nde-
tumor cells, as well as tubular defect-associated excgdeted patients, while the severity of hypokalemia was
sive PQ3~ urinary loss [36]. The authors suggested thatell correlated with both the incidence and the severity
in the presence of severe hypophosphatemia, intracellutérthese abnormalities. Thus, for the first time in the
PQO,3~ depletion might occur in renal tubular cells, politerature in patients with acute leukemia hypokalemia is
tentially interfering with urinary PC¥~ reabsorption. In- reported to be an important diagnostic tool towards the
tracellular shift of PQ®~ is probably the cause of hypo-disclosure of multiple concurrent, interrelated electrolyte
phosphatemia in patients with high white cell counts arahd acid—base disorders, especially in patients with acute
alkalosis, even though no correlation was exhibited betyeloid leukemia. Moreover, acid—base and electrolyte
tween PQ3 levels and white cell count or pH [41].  abnormalities are described in both AML and ALL pa-
Hypocalcemia has been occasionally reported in pents, indicating underlying common pathogenetic
tients with acute leukemia [42] and is mainly ascribed tmechanisms leading to renal tubular dysfunction.
hypoalbuminemia. However, the most common cause of
hypocalcemia is the coexistent hypomagnesemia, which
impairs the release of parathyroid hormone (PTH) arREFERENCES
induces skeletal resistance to PTH [43,44]. Furthermore,

; ; ; 1. Mir MA, Delamore IW. Metabolic disorders in acute myeloid leuke-
chronic respiratory alkalosis may have played a promi mia. Br J Hematol 1978:40-79-92.

ner.'t role I.I"I the_ development of hypocalcemla .m Som%. O'Regan S, Carson S Chesney RW, Drummond KN. Electrolyte and
patients, since it has been reported tQ pe associated Withacig_pase disturbances in the management of leukemia. Blood 1977;
renal PTH-resistance and hypercalciuria [45]. In 3 pa- 49:345-353.



10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

24.

25.

26.

27.

Leukemia-Induced Acid—Base and Electrolyte Disturbances

. Lantz B, Carlmark B, Reizenstein R. Electrolytes and whole bod¥8.

potassium in acute leukemia. Acta Med Scand 1979;206:45-50.

. Gadner H, Martins da Cunha AC. Elektrolytveranderungen bei degp.

akuten Leukamie im Kindesalter. Padiatr-Padol 1985;20:117-126.

. Kroll MH, Elin RJ. Relationships between magnesium and protein

concentration in serum. Clin Chem 1985;31:224-246.

. Pac CYC. Calcium disorders: hypercalcemia and hypocalcemia; o.

Kokko JP, Tannen RL, editors. Fluids and electrolytes. 2nd edition.
Philadelphia: WB Saunders; 1990. p 596—630.

. Emmett M, Narins RG. Clinical use of the anion gap. Medicine 197%1

56:38-54.

. Goodkin DA, Krishna GG, Narins RG. The role of the anion gap in

detecting and managing mixed metabolic acid-base disorders. Cls
Endocrinol Metab 1984;13:333-349.

. Rose BD. Meaning and application of urine chemistries. In: Rose B

editor. Clinical physiology of acid—base and electrolyte disorders, 4th™
edition. New York: MacGraw Hill; 1994. p 379-387.

Jones JW, Sebastian A, Hulter HN, Schmbelan M, Sutton JM, Biglieri
EG. Systemic and renal acid—base effects of chronic dietary potassium
depletion in humans. Kidney Int 1982;21:402—-410.

West ML, Marsden PA, Richardson RM, Zettle RM, Halperin ML.
New clinical approach to evaluate disorders of potassium excretion.
Miner Electrolyte Metab 1986;12:234-238. 3
Ethier JH, Kamel KS, Magner PO, Lemann J, Halperin ML. The
transtubular potassium concentration in patients with hypokalemia and
hyperkalemia. Am J Kidney Dis 1990;15(4):309-315. 3
Elisaf M, Panteli K, Theodorou J, Siamopoulos KC. Fractional excre-
tion of magnesium in normal subjects and in patients with hypoma§7-
nesemia. Magn Res 1997;10:315-320.

Narins RG, Jones ER, Stom MC, Rudnick MR, Gastl CP. Diagnostic
strategies in disorders of fluid, electrolyte and acid—base homeostaSi8.
Am J Med 1982;72:496-520.

Walton RJ, Bijvoet OLM. Nomogram for derivation of renal threshol®9.
phosphate concentration. Lancet 1975;ii:309-310.

Robertson GL. Syndrome of inappropriate antidiuresis. N Engl J Mexd),
1989;321:538-539.

Albert MS, Dell RB, Winters RW. Quantitative displacement of acid—
base equilibrium in metabolic acidosis. Ann Intern Med 1967;66:31241 .
322.

207

Verbalis JG. Tumoral hyponatremia. Arch Intern Med 1986;146:
1686-1687.

Kim JK, Summer SN, Wood WM, Schrier RW. Osmotic and non-
osmotic regulation of arginine-vasopressin (AVP) release, mRNA and
promoter activity in small cell lung carcinoma (SCLC) cells. Mol Cell
Endocrinol 1996;123:179-186.

Rudnick SA, Cadman EC, Capizzi RL, Skeel RT, Bertino JR, MclIn-
tosh S. High dose cytosine arabinoside (HDARAC) in refractory acute
leukemia. Cancer 1979;44:1189-1193.

Wolfe SM, Victor M. The relationship of hypomagnesemia and alka-
losis to alcohol withdrawal syndrome. Ann NY Acad Sci 1969;102:
973-983.

Gitelman HJ. Hypokalemia, hypomagnesemia and alkalosis. A rose is
a rose-Or is it? J Pediatr 1992;120:79-80.

Lennon EJ, Piering WF. A comparison of the effects of glucose in-
gestion and NHCI acidosis on urinary calcium and magnesium ex-
cretion in man. J Clin Invest 1970;49:1458-1465.

4. Dominguez JA, Gray RW, Lemann J Jr. Dietary phosphate deprivation

in women and men: Effects on mineral and acid balances, parathyroid
hormone and the metabolism of 25-OH-vitamin D. J Clin Endocrinol
Metab 1976;43:1056—-1061.

5. Le Prise PY, Oudry B, Richier JL. Trouble du metabolisme des phos-

phates au cours d’'une leucemie aigue lymphoblastique. Nouv Presse
Med 1974;3:896.

6. Young IS, Bailie K, Trimble ER. Severe hypophosphatemia in a pa-

tient with acute leukemia. Ann Clin Biochem 1993;30:326-328.
Zamkoff KW, Kirschner JJ. Marked hypophosphatemia associated
with acute myelomonocytic leukaemia. Arch Intern Med 1980;140:
1523-1524.

Whang R, Welt LG. Observations in experimental magnesium deple-
tion. J Clin Invest 1963;43:305-313.

Ginn HE, Shanbour LL. Phosphaturia in magnesium deficient rats. Am
J Physiol 1967;212:1347-1350.

Kempson SA. Effects of metabolic acidosis on renal brush border
membrane adaptation to a low phosphorus diet. Kidney Int 1982;22:
225-233.

Brautbar N, Leibovici H, Massry SG. On the mechanism of hypophos-
phatemia during acute hyperventilation: evidence for an increase in

Lacasse Y, Bolduc P. Mort subite chez des patients leucemiques traites myscle glycolysis. Miner Electrolyte Metab 1993;9:45-49.

avec daunorubicine. Can J Cardiol 1992;8:53-56.
Weiss RB, Grillo-Lopez AJ, Marsoni S, Posada JG Jr, Hess F, Ross
BJ. Amscarine-associated cardiotoxicity: an analysis of 82 cases43]
Clin Oncol 1986;4:918-928.

Dabbs DJ, Striker LM-M, Mignon F, Striker G. Glomerular lesions in
lymphomas and leukemias. Am J Med 1986;80:63-70.
Muggia FM, Heinemann HO, Farhangi M, Osserman EF. Lysozymuria
and renal tubular dysfunction in monocytic and myelomonocytic leu-
kemia. Am J Med 1969;47:351-366.

Pickering TG, Catorsky D. Hypokalemia and raised lysozyme levels i7"
acute myeloid leukemig J Med1973;42:677-682.

Elisaf MS, Buradas K, Siamopoulos KC. Pronounced electrolyte ab-
normalities in a patient with acute leukemia [Letter]. Haematologic
1997;82:384.

Perazella MA, Eisen RN, Frederick WG, Brown E. Renal failure and
severe hypokalemia associated with acute myelomonocytic leukentfid-
Am J Kidney Dis 1993;22:462—-467.

Kobrin SM, Goldfarb S. Magnesium deficiency. Semin Nephrol 1990;
10:525-535. 48.
Kelepouris E. Cytosolic Mg modulates whole cell Kand CI cur-
rents in cortical thick ascending limb (TAL) cells of rabbit kidney.
Kidney Int 1990;37:564.

Mir MA, Brabin B, Tang OT, Leyland MJ, Delamore IW. Hypokale-
mia in acute myeloid leukemia. Ann Intern Med 1975;82:54-57.

49.

42. Mc Kee LC Jr. Hypocalcemia in leukemia. Southern Med J 1975;68:

828-832.

. Anast KS, Winnacker JL, Forte LR, Burns TW. Impaired release of

parathyroid hormone in magnesium deficiency. J Clin Endocrinol
Metab 1976;42:707-717.

44. Freitag JJ, Martin KJ, Conrades MB, Bellorin-Font E, Teitelbaum S,

Klahr S, Slatopolsky E. Evidence for skeletal resistance to parathyroid
hormone in magnesium deficiency. J Clin Invest 1979;64:1238-1243.
Krapf R, Jaeger p, Hulter HN. Chronic respiratory alkalosis induces
PTH-resistance, hyperphosphatemia and hypocalcemia in humans.
Kidney Int 1992;42:727-734.

46. Zaloga GP, Chernow B. The multifactorial basis for hypocalcemia

during sepsis: Studies of the parathyroid hormone—vitamin D axis.
Ann Intern Med 1987;107:36-41.

Elisaf M, Theodorou J, Pappas H, Siamopoulos KC. Acid—base and
electrolyte abnormalities in febrile patients with bacteremia. Eur J Med
1993;2:404-407.

Coyle S, Masters PW, Barnard D. TmP/GFR and ionized calcium in
the management of severe hypophosphatemia. Ann Clin Biochem
1992;29:567-569.

Navarro JF, Teruel JL, Montalban C, Gallego N. Ortuno J. Hypercal-
ciuria secondary to chronic hypophosphatemia. Miner Electrolyte
Metab 1994;20:255-258.



