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I. TYPES OF DERANGEMENTS IN PHCSPHATE METABOLISM 

Definitions 

HypoehosphatPJnia: 

Phosphate depletion: 

Redistril::ution: 

Trawing: 

Low concentration of serum phosphate; 
normal or low intracellular phosphate. 

Loss of intracellular phosphate in excess 
of nitrogen (+P/N) for the body as a 
whole 

Transfer of phosphate from certain 
tissues to sequestration sites (e.g., 
liver or llllscle glycogen, growing bone, 
etc.). Total body phosphate is normal. 

Intracellular block in utilization of 
phosphate. Total body and tissue phos­
phate normal 

(From Emmett & Seldin, 1977, Ref 16) 

II. CAUSES OF HYPOPHCSPHATEMIA AND/ OR PHCSPHATE DEPLETICN 

HYPOPHOSPHATEM IAo 
CAUSES AND ASSOCIATIONS 

D«rMMd lnl41U! 
Antac:Jds: binding of phoephorus 1n the gut 
StarvatJonll::achexJa 
Malabsorption 
Vom111ng 
Hyperalimentation: With phosphate-poor solutJOnl 

Transc~llular Ionic Sh1{ts 
Carbohydrate admiRIStrauon: moet pronounced mttavenou.sly 
Alkal01115 
Liver dir;eue 
Pregnancy 
Hypothyroidism 
Sepsis: gram-negative artd gram-pos1tive 
Acute myocardial infarct1on 
Estroge ns/androgens 
Catecholamine admin1atrauon 

ReruJl Lou 
Hemodialysis: against phosphate-poor bath 
Hypokalemia 
Hypomagnesemia 
Acute gout 
Ac1dem•a 
Renal tubular defec:u 
Thiazide diurettc:s 
Genetic hypophoaphatem1a 
Tumor phosphaturia 

.W.i:r.ed M«hanUrru 
Alcoholism 
Diabetic: ketoacidosis · 
Hype~arathyroidi1m and vitamm D abnormalitiee 

(from Fitzgerald, 1978) 

Causes of Profound Hypophosphatemia 
(Serum phosphorus below 1 mg/dl) 

1. Treatment of alcohol withdrawal 
2. Treab~nt of diabetic ketoacidosis 
3. Administration of phosphate 

binding antacids 
4. Recovery/ diuretic phase after 

severe !::urns 
5. Parenteral hyperalimentation 
6. Nutritional recovery syndrome 
7. Severe respiratory alkalosis 

(from Knochel, 1977) 
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III • PATHOPHYSIOL(X;IC MEOiANISMS OF PHOOPHATE DEPIEI'ICN IN DIABETIC 
KETOACIDOOIS (Ref. 1 - 16) 

A. RENAL LCSS OF PHOOPHATE (accounts for phosphate depletion) 

1. Acidosis - lowers renal threshold for phosphate and increases phosphaturia 

2. Glycosuria - whereas osmotic diuresis from mannitol does not alter 
phosphate excretion, marked glycosuria depresses renal reabsorption about 
20% 

3. Acetoacetate - excretion depresses phosphate reabsorption and increases 
phosphatuna 

4. Potassium Deficiency - may be accampanied by an increase phosphate 
clearance. Tubular reabsorption of P (i) decreases from 90 to 55-60% 
despite hypophosphatemia 

5. Hormonal Changes - increased aldosterone, cortisol, epinephrine, and 
glucagon levels all characteristic of DKA have each been reported to 
increase phosphaturia 

6. Magnesium Deficiency - may produce phosphaturia and phosphate depletion 

B. SHIFTS OF PHOOPHATE FRCM ICF 'ID ECF (accounts for normal or high phosphate 
pnor to treatment) 

1. Acidosis - results in breakdown of organic polyphbsphates in many tissue 
cells m addition to the RBC. The percent lost from RBC is greater than 
other tissues. P(i) is lost in excess of Nitrogen 

2. Glycogen Breakdown - releases phosphate from liver and muscle 

3. Tissue Wastage~ gluconeogenesis for each gram of N, 0.7 mM of P(i) 
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N. MAGII'ruDE OF 'IHE PHOSPHATE DEPLETICN IN DIABETIC KSTOACilXlSIS (Fran Martin 
et al 1958 Ref. 7) 

------------------------- - ------------------------ --

C:llMPAI<ISON OF ESTI~IATEU FLUID AN!J E LECTROLYTE I<E<~UIRE~IENT I~ I>IABETIC: ACilJ(lSIS 

Xo. of i Na Cl I Hco,- I K I Mg ,, P I H.O 
__ A_"_'h_o_'_

1

_T_,._"'_or_s_'"_d_y_
1

_p_,_''_'n_•_s I (mEq./Kg.) (mEq ./Kg.) I (mEq./Kg.) ' (mf.q ./Kg .) I (mf.q ./Kg.) (mM / Kg.) ( L./Kg .) 
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1 
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• Our figures m i~ht well be higher as we d ivided reu:nlio n by 70 Kg. and thit may nor have represen led average wdgh1. 
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PHOSPHORt:S THERAPY I~ DIABETIC ACIDOSlS • 
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(days} I , -4 hr .) I m~i) J m\{ '"4 b ' ) m\1 / "4 br ) 

TYJH! or Study 

I : ' I I . - I . -

~ -R-.. cu-.. -,,.-,i~-:.-.d-,::,-,,-~-~-,· -:-:- : - -8- -.-. --~

1 
~ !! 15 }-59 

1 
o f di.t.bctic 

J R~=~~~:~:riog J I 10 64 .t!-~0 25 1\-- .&6 

I :~'i:~~:mmt I I II 
• k.eroacidoris I (osulinwithdraw;al . r ;, t I 3} 8-41 2 )8 .H 

I I . . ! 4 ! nmlin wtthdraw;al 3 . 4 I 
1 

!8 5 t 

Ret~ntion during 
<~cut~ tr~atment 

o( diabetic 
acid01iJ 

Retention after 
acute treatment 

Ret~tioo during 
acute treatment 
of diabetic 
acid01is 

Retention art~r 
acute u~atmcnt 

8-12 

j o-Il I }5 

I I 

1-4 - 67 

*Figures from other 3uthon con\·erted to mM. P for comparison with our HudiM. 
t LASt day or Ln.suli.a withdrawd 
! Uri.ury P for 3.4 day period cqual.J 94.8 m~f. ; this gt\"CS 18.5 m~f. · H hr. 
I Patient on ;a very higb P intake (rom milk diet: uool.t not analyzl:d . 

I 

,. ln1Ue 
Ret.aincd 
(.tven!d 

61 

~lean 

~teruioo 

37 mM. P 

I 
R~tention 

148.5 
mM. PI 

I J 

~ Intake 
Rc:1ililni 
(raase) 

' 
1 o 114 

I .... 
! I o 06 -{) _, 

E.ttim•tcd 
R.eq~ 

"'"" (mM/K!.) 

2'>-95 I 0 

-1-6-85 0 9 

0 to +41 

1.3 

0 . 5 

5.61 



-4-

Estimate of the ~~gnitude Of Phosphate Depletion In Diabetic Ketoacidosis 

A. Based on retention during 12 - 24 hours of therapy 

Franks et al (1948) 
Martin et al (1958) 

0.9 rrM/kg 
1.0 rrM/kg 

B. Based on loss during insulin withdrawal 

But.' er et al (1947) 
(over 3.4 days) 

1.3 rrM/kg 

c. Based on maintaining normal serum levels during treatment 

Keller et al (1980) 
Gibby et al (1978) 

over 8 hours 
over 48 hours 

65 rrM ( 40-130) 
liB rrM (83-320) 

V. Q!ANGES IN SERUM PHCSPHORUS BEFORE AND OORING TRF..A'IMENI' OF DKA 

A. Normal Values 

Children 
Adults 

mg/dl 

4.0- 7.1 
2.7- 4.5 

rrM/L 

1.3 - 2.3 
0.9 - 1.5 

RepOrting serum phosphate values and oammercial phosphate preparations in mEq/L of 
phosphate is confusing since the valence of phosphate depends on PH· (From Lentz 
et al 1958, Ref. 75) 

Effect of pH on Phosphate Milliequivalonts• 

pH Molar Ratio Average Number of 
HPO,- ': H,PO,- Va lence Meq1 Litre that Equals 

I mmol/ litre I mg/ dl 

7.0 61.5:38.5 1.62 1.62 0.52 
7.2 71.4 :28.6 1.71 1.71 0.55 
7.4 80:20" 1.80 1.80 0.58 
7.6 86.3 :1 3.7 1.96 1.96 0.60 

• Calculated according to Lehninger (8 ) . 

By contrast, in serum and commercial preparations the concentrations of phosphate 
ions in rrM/L and elemental phosphorus in rrg/dl are independent of PH and have a 
constant relationship to each other. 

1 rrM phosphate/ L = 3.1 mg phosphorus/dl 
0.32 rrM phosphate/L = 1 mg/dl 
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B • FINDINGS IN DIABETTC KE'IOACIOOSIS 

~ BEFDRE ~'IMFNI' 
Average Range 

Franks et al 7.88 mg/dl 4.3- 17.2 (1948 ) Ref. 5 

Seldin & Tarail 5.6 mg/dl 2.8 - 10.1 (1950 ) Ref. 16 

Martin et al 8.6 mg/dl 2.3 - 16.2 (1958) Ref. 7 

SERUM ELECTROLYTE LEVELS (PER CENT LOW, NORMAL OR 

ELEVAT£0) AT ESTR Y AND An'ER TWELVE HOpRS 

OF THERAPY (TWENTY·EIGHT PATIENTS) 

I 

I 
Entry Twelve Hours 

Therapy I I 
/ % N~r- % % N~r- % 
I Low I mal H1gh Low mal High 

----- ·--~----- -------
Sodium . ..... 

1 
67 I 26 7 26 41 33 

Ch loride ... . . 

1
· 33 1 45 1 22 11 41 48 

Bicarbonate . . . 100 0 0 46 50 4 
Calcium. . . . . , 28 68 4 73 23 4 
Potassium. · 18

1

43 1 39 63 33 4 
Magnesium . .. I 7 25 68 55 24 21 
Phosphate . . . . . ! 11 18 71 90 10 0 

I 

.c .... 
"' E 

z 
0 
;:::: 

"' a:: 
<..> 
X 

"' 
'g 
a:: 
0 

r 
(/) 

0 
:c 
"" 

2 4 6 8 10 12 14 16 , 8 

HOURS AFTER INITIATION OF INSULIN 
(5·10% 0/W) 

11m1 .. ~=~~~:~;:~0o~ 1•nS:~~;',~;,~s:;:~sa~:;t~•;:,;~~·~,:~~5:.';::~~d~~c,''~~~~~: 
lrom ~Ui. ouD'>SI'Ied l)y Seld•n .1ne1 Tare •t '" 

DURING TRFA'IMENT 

36% < lmg/dl 
64% < 2mg/dl 

1.0 (0.16 - 2. 73) 
(by 3 to 8 hrs) 

o. 7 (0.4 - 1.0) 
(by 12 hrs) 

(Martin et al, 1958 
Ref. 7) 

'ACan':~ f!:ar. K."lO":hP.l 
1977, Ref. 1 , basee 
on data from Seldin 
and Tarail, Ref. 15) 
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CX1>1PARISCN OF THE FALL IN SERUM PHOSPHORUS DURING TREA'IMENT OF DIABETIC 
KETOACIDOSIS WI'lli AND WI'lliOUf PHOSPHATE (Martin et al, 1958) 

Therapy of Diabetic Acidosis-Martzn et a/. 

'15 

9.0 

8.5 

8.0 

7.5 

7.0 

6.5 

6.0 

~'5.5 
o-
~ 5.0 

... ,. 4.5 

~ '4.0 

~ 3.5 

~ ~0 

2.5 

2.0 

I.S 

1.0 

o.s 
0 

I 

' ' ' I 

' 

-2 -1 0 

-12Ha.P 

--·-12 Mr.'P 

I 
I 
I 

' I 

4 6 8 10 

TIME IN HOURS 

12 

Effect o f phosphate • therapy on serum phosphate level in diabetic kct~acidosis. 

Note: 1.00 mEa./L = 1. 75 rrg/dl 
0. 75 rnEg/L = 1. 31 rrg/dl 
0.5 mEq/L = 0.87 rrg/dl 

C. MOCHANISM> PRODOCING HYPOPHOSPHATEMIA DURING TREA'IMENT 
OF DIABETIC KE.'IOACIDOSIS 

1. Reentry of phosphate into cells 
2. Expansion of extracellular fluid space 
3. Trapping of phosphate as phosphate intermediates in sane 

cells when hypophosphatemia occurs i.e., hypophosphatemia 
begets and worsens hypophosphatemia 

Rapid utilization of glucose from insulin administration may trap so much 
phosphate in liver that rhabodamyolysis results from acute fulminant 
hypophosphatemia. (Ermlett and Seldin, Ref. 16) 

Never administer fructose or glycerol since these may produce severe trapping of 
phosphate. 
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(From Travis et al 1971, Ref. 45 (From Travis et al 1971, Ref. 45 

600 

1.00 

025 

%~--~~o,_--,~~o----~,.~o----7.w-----7,o. 
%~--~,n,-~~~~~~~~o~~5o· 

Serum Phosphorus (~ 0.4) Serum Ph<:Mphorua <mo % ) 

Aelat1on between Serum Phosphorus and Eryth· 
rocyte ATP (r Equal to 0. 71 . p Less than 0.001 ). 

VI. cx:M>LICATICNS OF HYPOPHOSPHATEMIA 

Relat1on of Serum 1norgan1c Phosphorus to 
Erytn rocyte ··rotal Tnose Phosphates " (r Equal to -o 79 p 

Less than 0.001 ). 

A. DEPRESSED RBC 2,3 DIPHOSPHm.YCERATE (DPG) 
IN DIABETIC KETOACIDOSIS (Ref. 17-43) 

1. HISTORY 

The position of the Hgb-02 dissociation curve until recently was regarded as 
fixed and influenced only by temperature and J;H (Bohr Effect). The fact 
that physiologic variations in temperature and Pi seemed too l imited to pro­
vide an effective control mechanism for release of 02 from Hgb lead Barcroft 
(1921) to postulate a "third substance" which formed an integral part of the 

Hgb-02 complex and regulated 02 release. 

In 1967 Barcroft's postulated "third substance" was shown by Benesch & 
Benesch and by Chanutin and Curnish to be the organic polyphosphates of 
rbc's, especially 2,3 DPG and ATP. The former was rrore important quan­
titatively since its molar ·concentration was 3-4 x's that of ATP. The 
studies of these two groups firmly established that the levels of 2,3 DPG 
and ATP in the RBC are the metabolic controlling factors capable of regu­
lating 02 unloading at the tissue level in physiologic and pathologic 
condition. 

Their studies showed that levels of 2,3 DPG in concentrations present in 
ROC's can decrease the oxygen affinity of Hgb about thirty fold, thereby 
facilitating 02 unloading from Hgb i.e. in effect shifting the Hgb-02 curve 
to the right. 
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2. EFFECI'S OF 2,3 DPG 00 Pso (Ref. 17-29) 

~3-DPG 

-+---J " mol•s/g f-----1 
• 0, 
• , 9 . ' -' 
• 11 6 
• 23 0 

2S 

25 75 

(Fran Duhrn, 1973) 

3. EFFECl'S OF CHANGES IN BIDJD fH 00 RBC 2,3 DPG (Ref. 17, 25, 28, 
30-43) 

In 1924 Haldane, Wigglesworth & WOodrow (Prcx::. Roy. Sex::. London 96:1, 
1924--1925) reported that NH4Cl acidosis produced a fall in organic acid­
soluble phosphorus in blood. In 1929 Byrom (Brit. J. Exper. Pa~~. 10:10, 
1929) described a reduction in organic acid soluble phosphorus 1n the blood 
in diabetic ketoacidosis. Rapoport (1937) identified diphosphoglycerate as 
that fraction of organic acid-soluble P in the rbc that decreased during 
acidosis. 

In 1939 Guest and Rapoport reported a decrease in RBC 2,3 DPG in DKA, along 
with evidence of ~ked phosphaturia and phosphate depletion. Moreover, 
they showed that following treatment for DKA marked hypophosphatemia and 
also a fall in RBC ATP supervened. ATP levels remained low until after 2, 3 
DPG reached normal concentrations. 

As long ago as 1924 Haldane et al prophetically suggested that some of 
the ill effects of acidosis might be the consequence of depletion of labile 
phosphate stores and advised that phosphate administration seemed rational 
and advisable. Guest in 1939 on the basis of his above described studies 
routinely treated DKA with phosphorus containing solutions. It has taken 
about 30 years for the medical profession to realize the clinical importance 
of severe hypophosphatemia and phosphate depletion and to return to a pre­
viously used therapy. 
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EFFECT OF ALKALOSIS (From Guest and Rapoport 1939, Ref . 17) 

~~s 10 t~ blood o f a dog following pylor ic: obstruction. 1 For 
.J IIon of abbrt,;;u ion.s S« chan Z.) 

EFFECT OF ACIDOSIS (From Guest and Rapoport 1939, Ref. 17i 

pH 

p 
"'li iiOOtc.. 

110 

--------------- CI-s 

';:====::::=:::;::=:::;IHORG P 0
\ • DAYS 

l.han 5.-Lhallj.! \'S 111 t!tc lolnud u l a nnn durmL! the d\'\ Cl"tnm·ut oJ I :1Ct~k•> 1 • 

induced by the i n.;c ~ t h.m oi :..mm•JIIIUm chlo.mJ<! an'-! Ju ring n:..:on·rr . a itcr the 
ingCs fl on o f ,,.._limn and "i , ... ,.a .. ,nun phn~phatc . ( For <'xplanJ tion ni aUbre,·iations 
see rhJ. rt 2. ) 

EFFECT OF DIABETIC KE'IOACIDOSIS (From Guest and Rapoport 1939, 
Ref. 17) 

Char t i .-Changes in the blood of a woman du ring r~o\'ery from tht: seve re 
acidosis of diabetic coma. ( F or t':<pi.J nation of abbreviations see chan 1. ) 
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CORREIATICN BE'IWEEN AR'lERIAL fH + RBC 2 I 3 DPG 
(From Alberti, 1972, Ref. 33) 

5r---------------------~ 
pH• 0·118 D.P.G.t6·866 

. . 

. . 

0 ~5~-7~5~~~7~-0~~~~7~-2~5~~7~- 4~ 
ARTfRIAL· BLOOD pH 

-Relation between r•d-cell 2,3-D.P.G. and arterial- blood 
pH J.u patlmll with u.ucontrolled d iabete-s before creatment. 

ins~~bject who received bicarbonate before ueatment with 

CORREIATICN BE'IWE:rn 2,3 DPG and Pso (From Ditzel and 
Standl, 1975, Ref. 39) 

correlation of red cell 
2,3-DPG con t ent and PSO 
(7 .40) of ODC during r e ­
covery from diabe tic 
ke t oacidos i s . 

The low 2,3 DPG seen in DKA prior to therapy (~ from 4.5 to 2.2 rnmVL) is 
balanced by the systemic acidosis which shifts to Hgb-02 dissociation curve 
to the right, thereby assuring a normal Pso . (Il'.ean 28.8) and 02 release at 
the tissue level. (Alberti et al Lancet 1972, Ditzel, 1973) 

Following treatment for DKA it takes up to 5-7 days for 2,3 DPG to return 
to normal levels. Patients who receive IV bicarbonate for correction of 
arterial PI, disturb the compensation attained during acidosis, and show an 
acute fall in Pso and evidence of tissue hypoxia. 

Since slow recovery of RBC 2,3 DPG is related to the hypophosphatemia that 
occurs during and after treatii'.ent of DKA, rational therapy dictates the 
early use of phosphate replacement and the exclusion of bicarbonate whenever 
possible. 
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SHIFTS IN '!HE OXYGEN DISSCX::IATICN CURilE BEFORE , DURING AND 
AFI'ER TREA'INENT OF DIABETIC KE'IDACIJX)SIS (Ditzel and Standl 
1975, Ref. 39) 

N.H. H.HK. L.J. L. 

i·=fllll][ll=i ~40 40 .. 
'"' I I Ill II II I 'f 
0~ -~ XJ 20 30 40 IS 25 35 XJ 20 30 40 

p02 mmHg 

The oxygen dissociation curves of the 3 most acidotic 
patients (N.H., H.H.K. and L.J.L.) in ketoacidosis (I), after 

correction of acidosis (II) and before discharge (Ill) 

Pc;o IN VIVO AFI'ER CORREX::TICN 
OF KSrDACIDOSIS (Ditzel 1976, Ref 40) 

EFFECIS OF SUDDEN CORREX::TICNS OF 
Fii CN P50 IN DKA (Ref 34) 

" 
·:: 

--f:--1'lJ!1Jf 

--~ --1/0t].J] 

I· p .. Q()()I 

~~ MwMdJeJiillta ~ 
lol~~ ~,.._... 

6.93 
7.40 

29.5 
17.5 

4. CLINICAL SI~IFICANCE OF HYPOPHOSPHATEMIA AS REIATED 'IO 
mANGES IN 2, 3 DPG and P50 (Ref. 36, 37, 39) 

1.0 

05 

(Ditzel, 1973) 

Correlation of Pi and 
red cell 2,3-DPG after 
insulin administration 
during recovery from 
diabetic ketoacidosis 
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'. 0.60 
pcO.OOI 

Correlation o{ Pi and P50(7.40) of ODC after 
insulin administration during recover~ from 
diabetic ketoacidosis. 

2 

ZJDPO 
(mmo~..,,RecJ 

Changes in Pi, red cell 2,3-DPG and P50(T.40) 
ot ODC during treatment or diabetic ketoacidosis. 

(Ditzel and Standl 
19~5) 

(Ditzel, 1973) 
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5. EFFECT OF PHOOPHATE REPLETICN AND PREVENTICN OF HYPOPHOOPHATEMIA 
IN 'ffiE TREA'IMENT OF DKA CN l>DRTALITY AND MENTAL STA'ltJS 

In 1948 Franks, Berris, Kaplan and Meyers systematically studied and treated 
the phosphate depletion and the hypophosphatemia which ensues during treat­
ment of DKA. They made at least two significant observations. (Ref. 5) 

1. The mortality rate in phosphate treated patients was 15% less 
than those patients with the same severity index who did not 
receive supplemental phosphate. 

2. They reported three patients who unexpectedly regained con­
sciousness during phosphate infusion. Guest and Rapoport had 
a similar clinical experience. More recently, Ditzel also 
has reported the prompt return of consciousness in two patients 
who remained stuporous long after systemic acidosis was gone. 

EFFECT OF IV PHOOPHATE CN 'ffiE MENTAL STA'IUS AFI'ER REXXJVERY FRa-1 DKA 
(From Ditzel 1973, Ref. 37) 

I 1 J ftK 4 =-Changes in Pi and P50(7.40) or ODC berore and 
arter i.v.pboapbate repletioni 
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At present there are conflicting data regarding the effects of phosphate 
administration on rbc 2,3 DPG and Pso· (Ref. 35-43) 

In 1973 Ditzel ar.d, in the same year, Andersen and Ditzel reported that in 
10 cases of severe diabetic ketoacidosis intravenous phosphate therapy was 
able to normalize rbc 2,3 DPG within hours. Keller and Berger (1980) con­
firmed a rise in rbc 2,3 DPG following phosphate therapy in 12 cases of DKA 
compared to 12 control cases. In 1978 Bonnici reported a rise in rbc 2,3 
DPG and in in vivo Pso plus a fall in the L/P ratio following intravenous 
phosphate therapy in four cases of severe DKA compared to four cases who did 
no!: receive phosphate supplementation. Although Gibby et al (1978) reported 
an increase in rbc 2,3 DPG over controls, they found only a snall and clini­
cally insignificant change in Pso· 

B. 'IHE CLINICAL SPECI'RUM OF 'IHE "I.J:M PHC:SPHATE SYNDRCMES" 
(Ref. 1-4, 44-66) 

1. CENI'RAL NERVOOS SYSTEM 

A. Metabolic Encephalopathy - chara~terized by 

merrory loss 
decreased attention 

confusion 
disorientation 

anisocoria 
ptosis 

B. Neuropathy - Spinal cord 

apprehension 
irritability 

obtundation 
convulsive seizures 

nystagmus 
vertigo 

cana 

nasal speech 
dysarthria 

hypo or areflexia · sensory impairment 
ascending paralysis (Guillain-Barre'like syndrome) 
paresthesias 

C. M::>tor Disturbances 

intention trerror 

2. MUSCLE 

weakness 
myopathy 

3 • E:NIXX:RINE 

ataxia 

Rhabdanyolysis 
EMi abnormalities 

resistance to parathyroid hormone 
physiologic hypoparathyroidism 

ballismus 

increased CPK 

insulin resistance - decrease glucose disappearance 
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4. RESPIRA'IDRY (Ref. 66) 

acute respiratory failure - ventilatory collapse 
(5 cases reported) 

5. HEPATIC 

worsening of liver function from hepatic hypoxia 

6. RENAL (Ref. 16) 

hypercalciuria - independent of PTH 
decrease tm for bicarbonate 
decrease tm for glucose 
impaired ammonia production 

7. GASTROINTESTINAL 

anorexia dysphagia 

8. SKELETAL 

osteamalacia - pseudofractures 
rheumatologic 

large joint arthralgias 
inflammatory arthritis 

A) Erythrocyte 

sacroili i tis 
aching bone pain 

decreased 2,3 DPG and decreased ATP 
membrane rigidity - shortened life span 
spherocytosis - hemolytic anemia (rare) 

B) Leukocvte 
depressed MP 

C) 

10. CARDIAC 

decrease in chemotatic, phagocytic 
and bactericidal activity 

Platelets 
decreased ATP 
decreased survival time 
platelet dysfunction 

~ thrombocytopenia 
hemorrhage (rare) 

A) Clinical (Ref. 64, 65) 
1. Congestive cardiomyopathy - rapidly reversible - 3 cases 
2. acute fatal cardiopulmonary failure - 2 cases 
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B) EXPerimental 

l. Mvocardial performarx::e in man before and aft er the correction of 
hypophosphatemia 

Stroke ~rk increased fran an average of 49 . 6 to 71.7 g-m per 
beat during phosphate infusion with return of serum phosphate 
to normal (O'Connor et al 1977, Ref. 62) 
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2. Reversible depression in myocardial performance in dogs during 
phosphorus depletion and repletion. (Fuller et al 1978, Ref. 63) 
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VII. PHOSPHATE AI:MINISTRATICN IN 'IHE TREA'IMENT OF DIABETIC KE'IOACIOOSIS 

A. Contraindications to Phosphate Replacement (Fran Knochel, 1977) 

1. Hypercalcemia of any cause 
2 • Hyperphosphatemia 

(a) Renal failure 
(b) Hypoparathyroidism 

3. Oliguria 
4. Evident tissue necrosis 

B. Potential Danger of Phosphate Therapy 

The major danger of phosphate replacement therapy is excessive 
administration resulting in marked elevations of serum phosphorus. 
This hyperphosphatemia may have several dire consequen::es in::lud­
ing: 

(1) metastatic calcium phosphate deposition 
(2) hypocalcemia 
(3) phosphate osmotic diuresis resulting in 

dehydration and hypernatremia 

If one observes the known contraindications to phosphate therapy and 
does not attempt to replace the entire potassium deficit with potassium 
phosphate, there should be no danger to phosphate replacement. 

Since phosphate deficien::y tends to parallel potassium deficien::y the use of 
potassium phosphate has been recammended by several authors as the sole agent 
to correct both deficiencies. (67-70) 

This is potentially dangerous sin::e the magnitude of the deficien::ies of 
these two ions is very different. Potassium deficien::y is in the order of 
5-10 mEg/Kg whereas phosphate deficien::y is only about 1 mM/Kg. Replacing 
t.l-Je entire potassium deficit with the phosphate salt can lead to pronoun::ed 
hyperphosphatemia and hypocalcemia. 

Recently two reports appeared detailing hypocalcemic tetany as a complication 
of phosphate replacement therapy in children during the treatment of diabetic 
ketoacidosis (71, 72). In both cases not only was the entire potassium 
deficit corrected with potassium phosphate, but inordinately large amounts of 
phosphate were administered arramting to, 7.65 and 4.5 11M of P/Kg/24 hours. 
This would be equal to giving a 70 kg adult 540 and 317 mM of phosphorus in 
24 hours! 

The fall in serum calcium and magnesium reported in other studies (71,73) 
during phosphate replacement and attributed to phosphate therapy nust be 
questioned since it has been known for more than 20 years that hypocalcemia 
and hypomagnesemia occur during therapy of diabetic ketoacidosis even when 
phosphate is not given. 
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CHANGES IN Ca liND Mg CONCENTRATICNS DURING PHOOPHATE 'IHERAPY WI'IH POI'ASSIUM 
PHOOPHATE GIVEN 'IO MAINTAIN A NORMAL POI'ASSIUM LEVEL (Zipf et al 1979, Ref. 71) 

-~m. magnes 1um , and pH·\·alues at time oi admission, and the lowut Ca1• and Mt• concentrations rC"corded dunng therapy 

Admission Nadir during treatment 

Paoent pH ca•· ( mg/dl) Mg>+ (mg/dl) Ca,. (mgldl) Hour Mg'• (mgldl) Hour 

c.s. 7.01 8.3 4.5 30 0.6 JO 

s.s .• 7.12 10.8 1.8 9.2 18 1.4 6 

s.s .• 7.05 10.6 1.9 8.6 24 1.3 12 • 

J.M. 6.85 8. 7 1.8 6.3 36 1.3 12 

).B. 6.92 9.2 8.6 

s.v. 7. 13 10.0 9.C 12 1.5 12 

W.D. 7. 16 11.3 1.9 10.4 24 1.6 12 

).E. 7.30 9.4 1.5 7.6 18 1.5 6 

S.A. 6.92 9.3 1.8 8. 7 12 1.• 12 

Normal 8.8- 10.9 1.5-2. 7 

CHANGES IN Ca, Mg, and P CCNCENTRATICNS DURING TREA'IMENT OF DIABETIC KE.'IOACIIXSIS 
WITHCX11' PHOSPHATE ACMINISTRATICN (Martin et al 1958) 

%Low 
Calcium On Entry ~ 

12 Hours Rx 73 

Magnesium On Entry 7 
12 Hours Rx 55 

Phosphate On Entry 11 
12 Hours Rx 90 

%Normal 
68 
23 

25 
24 

18 
10 

%High 
4 
4 

68 
21 

71 
0 

Martin reported that when phosphate was given there was no greater 
change in serum or urinary calcium compared to subjects who did not 
receive phosphate. 
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MEAN PLASMA PHOSPHATE AND CAICIU?-1 IN CCN.rROL AND PHCGPHATE TREATED KE'IOACiroriC 
PATIENTS 

Keller and Berger (1980) and Gibby et al, (1978) also found no difference in 
serum calcium compared to controls who did not receive phosphate. (Ref. 41 , 42) 

·Clinical and biochemical data ol patients with keloac1dosis treated with phosphate infusions 

Plasma 
Blood phosphorus Calcium 

glucose pH (mg/dl) (mg/dl) 
Case A.,e, sex Prior Assoc•ated condition (mg/dl) 0 h' 24 h 0 h' 48 h 0 h' 48 h 

therapy 

13 63 M Insulin Mesentenal and 1000 7.08 10.0 6.9 7.8 5.4 
cerebral infarction 

14 21M Insulin None detected 427 6.96 7.36 6.8 4 I 6.9 8.0 
15 75 F lnsul•n Fever. unknown origin 796 6.87 6.0 2.8 10.6 9.2 
16 83 M Insulin None detected 790 7.12 7 40 4.7 5.4 !>.5 8.1 
17 18 F Insulin VulvitiS 556 6.99 7 33 1.5 3.6 9.8 8.8 
18 38 F Insulin Pneumon•a 1190 6.72 7.36 8.2 32 7.3 7.0 
19 34M Insulin Pneumon1a 950 6.89 7 43 3.1 2.0 
20 36M Insulin None detected 926 6.90 7 39 8.0 8.7 8.0 
21 33 F Insulin Vulvitis 446 7. 10 7.42 3.9 2.6 7.7 7.1 
22 16M Oral agents Pharyng1lis 1500 7.15 7.36 2.6 4.0 
23 81 M Oral agents Skull fracture 1000 7.22 7.45 2.2 3.0 9.5 8.4 
24 41 M Insulin Osteomyelitis 750 6.80 7.36 8.6 2.3 10.2 8.3 

Mean 45 863 6.98 7.39 5.5 3.6 8.70 7.83 
:t SEM 7 88 0.04 0.01 0.8 0.4 0.40 0.34 

• Admission. 

Clin1cal and biochemical data of patients with ketoacidOSIS without phosphate therapy 

Plasma 
Blood phosphorus Calcium 

glucose pH (mg/ dl) (mg/ dl) 
Case Age, sex Prior therapy Associated conditions (mg/dl) 0 h' 24 h 0 h' 48 h 0 h' 48 h 

1 52 M Insuli n SpondylitiS 820 7.00 7 40 70 1.5 10.0 8.4 
2 28M Insulin OmiSSIOn of •nsulin 685 6.96 7 41 3.3 2.0 
3 85 M Insulin Unnary tract mfectlon 670 7 20 7 49 5.3 3.4 8.7 8.6 
4 25 F Insulin Pharyng1t1s 770 6.90 7 30 6.5 3.7 

5 26 F Insulin None detected 640 700 7 0 2.9 8.8 
6 70 M O.M unknown Saddle embolus aorta 1650 7.24 7.42 7.8 

75 F Oral agents Change ot therapy 1030 6.98 7.41 
(prev•ously •nsulin) 106 6.2 

8 69 M O.M. unknown Trans1ent 1schem. atlack 1020 6.93 7 48 6.1 I 2 8.6 7.8 

9 46 F O.M. unknown Urinary tract Infection 1500 7. 11 7 40 6.8 2.5 
10 43 F O.M. unknown Fever of undelerm. ongm 940 6.92 7.30 9 7 1.2 
11 33M lnsultn None detected 574 6.98 7 3 1 9.2 2.4 9.8 8.4 
t2 39 F Insu lin None detected 952 6.92 7.40 10.0 1.7 

Mean 49 938 7.00 7 39 72 2.2 9.4 8.3 

= SEM 6 97 0.03 0.02 0.6 0.3 0.3 0.1 

• AdmiSSIOn. 

- ·- - --

(Fran Gibby et al, 1978, Ref. 41) 

111ll0l/L Grou:e Time 0 h 6 h 12 h 24 h 

Plasma Control 1.7 1.0 0.7 0.6 
Phosphate Treated 1.4 1.0 1.2 1.3 

p ( 0.05 p ( 0.01 

Plasma Control 2.3 2. 2 2.2 2.2 
Calcium Treated 2.2 2.2 2.1 2.2 
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c. Available PhosEhate RePlacement Fluids for Intravenous Use 

Brand Size/mL Potassium Phosphate 
mEq/ml rrM/ml 

Abbott 15 4.4 3.0 
Cutter 15 4.4 3.0 
Baxter 10 3.0 2.15 
McGaw 30 2.0 1.12 
Invenex 15 4.4 3.0 

Only Abbott, Cutter*, or Invenex** Brands of Potassium Phosphate Solutions for 
intravenous use are currently (7/14/80) stocked by local hospitals. The follCMing 
hospitals carry these brands of Potassium Phosphate with 4.4 mEq/ml of K and 3.0 
rrWml of P. 

Parkland 
V.A. 
Baylor 
Gaston 

St. Paul 
Presbyterian* 
Medical City 
Methodist 

Doctors Hospital 
Brookhaven 
Richardson Med. Ctr. 

Irving Community 
Garland Ccmmunity** 
Grand Prairie Community** 

Hospitals carrying Sodium Phosphate for intravenous use. Only Abbott Brand 
stocked locally. It contains Na 4 mEq/ml 

Parkland 
Doctors Hospital 

p 3 rrM/ml 

St. Paul 
Medical City 

Methodist 
Brookhaven 

Hospitals not stocking intravenous potassium phosphate solution 

General Hospital of Lakewood 
Forest Avenue Hospital 

D. Replacement Recanmendations 

1. General 

a. KnCM what brand of potassium phosphate you are using and the number of mEq 
of K and rrM of P per ml. 

b. Remember that acute replacement needs (12 to 24 hours) equal about 1 rrM of 
phosphate/Kg. 

c. Monitor serum phosphorus and potassium levels and adjust recommendations 
below accordingly. 
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2. Specific 

a. If serum petassium is normal or low and serum phosphate is 
normal or low: 

Give ·potassium phosphate (Abbott, Cutter, or Invenex 4.4K/ 3.0 P) at a 
concentration of 30 mEq/L of potassium which contains 20 mM of phosphate/ L 

.\dminister a total of 60-80 mM of phosphate over an 8 hour period. 

If additional potassium is needed either during potassium phosphate admi­
nistration or after its administration to prevent hypokalemia, it should 
be given as KCl. 

b. If serum potassium is normal or low and phosphate level is not 
known: 

Initial therapy should be KCl 20-40 mEq/L given at a rate of 20-40 
mEq/hour. 

After 3-4 hours when ECF volume is repleted and urine flow is adequate 
then potassium phosphate (30 mEq of K/L and 20 mM phosphate/L) should be 
given for a total of 60-80 mM of phosphate over an 8 hour period. 

If m:>re potassium is required, it should be given as KCl unless serum 
levels of phosphate are known to be low. 

c. If serum potassium is initially high: 

No potassium is given until ECF volume is expanded, urine flow is 
adequate, and serum K is falling in the normal range. This usually takes 
3-4 hours. 

At that time potassium phosphate can be given at the rate and for the 
total a!l'Ount noted above. 

Again, after 60-80 mM of phosphate if m:>re potassium is needed it should 
be given as KCl unless serum phosphate is known to be lCM. 

d. If the unusual circumstance occurs when potassium is high and phosphate i s 
low: 

Administer sodium phosphate (Abbott Na 4 mEg/ml, phosphate 3 mM/ml) at the 
rate and for the _total a!l'Ount noted above. 
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