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Objectives: To determine oxygen derived parameters, hemodynamic and biochemical laboratory data (2,3 Diphosphoglycerate,
lactate and blood gases analysis) in patients after cardiac surgery who received massive blood replacement. Design: Prospective
study. Setting: Heart Institute (Instituto do Coracao), Hospital das Clinicas, Faculdade de Medicina, Universidade de Sao
Paulo, Brazil. Participants: Twelve patients after cardiac surgery who received massive transfusion replacement; six of them
evolved to a fatal outcome within the three-day postoperative follow-up. Measurements and Main Results:  The non-survivors
group (n=6) presented high lactate levels and low P levels, when compared to the survivors group (p<0.05). Both groups
presented an increase in oxygen consumption and O, extraction, and there were no significant differences between them
regarding these parameters. The 2,3 DPG levels were slightly reduced in both groups. Conclusions: This study shows that
patients who are massively transfused following cardiovascular surgery present cell oxygenation disturbances probably as a
result of O, transport inadequacy.
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INTRODUCTION represents the amount of oxygen removed by the tissues.
Oxygen delivery (DQ) to the tissues is calculated as the
product of cardiac output and arteriglddntent expressed
ormal cellular function depends on a supply ofn mi/minute. VQ is a measure of the,@xtracted by the
oxygen adequate to meet metabolic needs. Tiells and is calculated as the product of cardiac output and
supply of oxygen, in turn, depends on cardiagrteriovenous Qdifference [C(a-v)Q]. These three
output, hemoglobin concentration and function, and theriables are used to assess the bulk movemenj loy O
partial pressure of oxygen in arterial blood. circulatior? . However, there are few practical methods
Circulatory oxygen supply may be evaluated byo determine if oxygen supply is adequate at any given
several variables. The oxygen extraction ratigeR®) point in time to meet the oxygen demands of critical
patients. Therefore, oxygen supply/demand imbalances
may result in tissue oxygen deficits, that can be manifested
by organ dysfunction. Oxyhemoglobin dissociation is
closely related to oxygen delivery. Hydrogen ion
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During low flow states, increased blood lactate levels ~ The B, values were estimated from the measured
can be directly related to a reduction in systemic oxygétvO, and Q saturation of mixed venous blood samples
supply. In severely hemorrhagic patients, the many variablesing the Severinghaus formula:
involved during treatment make it difficult to obtain an index Estimated P=26.6 x PvQ) PvQ, Sat, in which PvQ
for prognosis and therapeutic adequacy. This explains tBat is the PQon the standard oxygen-hemoglobin
scarcity of studies on oxygen transport in hemorrhagdissociation curve (OH-DC) corresponding to the
patients. measured Q saturation (Standard P 27 torr at pH 7.4,

The main purpose of this study is to verify anyemperature 3 and PaCQof 40 torr}>". Arteriovenous
correlation between oxygen derived parametersxygen difference (avD{, oxygen availability (DQ),
hemodynamic data and biochemical data in patientsygen extraction ratio (BR), and oxygen consumption
submitted to a massive transfusion during hemorrhagf¢O,) were determined by standard equations. Erythrocyte
shock after surgery. 2,3 diphosphoglicerate was determined immediately from

trichloroacetic extracts of heparinized venous blood

through a spectrophotometric assay (Sigma Chemical Co.

Ltd, St. Louis, USA). Plasma lactate was analyzed by the
METHODS automated enzymatic procedure (U.V. enzymatic test -
Merck Inc., Chemical Industries, Brazil).

All measurements were carried out on the first,
Patient Population second and third postoperative days, six times daily, every
fé)ur hours. The results were presented as a mean of these

The study was approved by the Ethical Committe

of the Heart Institute and written informed consent Wavalues. The blood temperature was measured by a Swan-
anz catheter thermistor. The core temperature was

obtained from all patients. Twelve adult patients, who ~. = ~ . .
I pat wew Wit patl W aintained between 365and 37.5° Celsius, using a

underwent elective cardiovascular surgery, we | blanket. Inot d . dobutami
consecutively studied in the postoperative perioa, ermal bianket. inotropes ('opamlne,. obutamine,
repinephrine) and vasodilators (nitroprusside,

independently of previous diagnosis. The criteria employ&? X X X . .
were: bleeding at least one volemia (60 mbKg the first _nltroglycerm) were given in an attempt to obtain a cardiac

24 hours and survival until the third postoperative da@dex gfeat_er than 3.0 L.mim?, At.”al f!lllng pressure

Six paients were submitted to valve replacement, two f as m_auntalned_at the utmost phy_S|oIog|caI value t(_) obtain
coronary bypass graft and four to correction of thoracic aorfid optlmgl cardiac _out_put. Al patlents were submitted to
aneurysm. Patients were studied after legal guardian cond@chanical ventilation until the hemorrhage was
was obtained. All patients were submitted to a standaf@ntrolled. Blood transfusion was given to control

procedure for bypass (non pulsatile flow and bubblR€morrhage and maintain hemoglobinad0g.df. The

oxygenator, hypothermia down to 32°C) and anestheéﬂ?‘)d gsed was stored for no longer than 24 hours after
(fentanyl, pancuronium bromide and midazolam). collection.

Hemodynamic and Biochemical Measurements Statistical analysis

The data was processed through variance analysis

All patients were monitored using electrocardiography, ) ‘ _
{L}r repeated measurements, with p < 0.05 being considered

intra-arterial cannulae and 7 Fr. thermistor tipped pulmonalty' "=t
artery catheters. Hemodynamic measurements includ&égnificant.

systolic, diastolic, and mean arterial pressures; pulmonary

artery pressure, right atrial pressure (RAP) and pulmonary

wedge arterial pressure (PWAP). Cardiac output was

measured in triplicate by the thermodilution method. Arterid ESULTS

and pulmonary artery blood samples were drawn for

hemoglobin concentrations and blood gas analysis,, PaO

PvO, and pH measurements were made with a Radiometer The amount (mean values) of blood component
ABL 300 (Copenhagen, Denmark) ang €turation was replacement during surgery, immediately after, and in the
measured by an optical oximeter (Radiometer OWst postoperative day was 127.4 mLk@1.5 mL.kg
M2-Hemoximeter). PvQwas determined in the bloodand 44.6 mL.kg respectively (Fig.1). Replacement
collected from the distal part of Swan-Ganz catheters. consisted of: whole blood, packed red cells, fresh frozen
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plasma, platelets and cryoprecipitate, given as necessarignificant difference (p<0.05). There were no differences
All patients were submitted to surgical revision obetween the groups in relation to the analysis of oxygen
hemostasis in the immediate postoperative period. derived parameters, temperature and hemodynamic data.

By retrospective analysis of patients’ outcome, twaélthough we could not observe a significant variation of
groups could be defined: survivors (n=6) and non-survivotBis data concerning the postoperative period, tiiERO
(n=6). The mean age of the survivors group was 49.8&s higher than normal (tablel).
+16.81 years and for the non-survivors group 50.67 +15.86
years. Non-surviving patients died between the third and
twentieth postoperative days. The causes of death were:
multiple organ failure (4 patients), hemorrhagic braip|SCUSSION
infarction (1 patient) and generalized sepsis from
endocarditis (1 patient).

Biochemical and hemodynamic profiles showed that ~ The relationship between VCGand DQ is of
lactate level was the only discriminatory value between tiparamount importance in many clinical situations. Whole
two groups. The correlation between lactate level armbdy total oxygen consumption remains virtually constant
outcome of those patients is shown in figure 2. There wasnormal or high delivery rates, but becomes limited when
no significant statistical difference regarding blooxygen transport decreases to a critical delivery {Sbint
replacement (fig.1), nor for vasoactive drugs between thiéerefore, if oxygen availability is compromised, thg O
groups. Although we did not find a statistical significansupply/demand balance can be disrupted and lactic acidosis
difference regarding PvQObetween the groups, this valuemay occur. At the same time,ER increases gradually as
showed a tendency to decrease in non-surviving patiedtslivery is reduced, to maintain the Y @ntil the critical
(Fig. 3). extraction ratio is reached. In hemorrhagic states, oxygen

The 2,3 DPG levels were slightly reduced in botlelivery is critically affected and oxygen transport depends
groups on the first postoperative day, and remained at l@n volemic replacement, hematocrit levels, hemoglobin
levels during all determinations. The mean temperaturesaturation and cardiac output. Clinically, the hemoglobin
the non-survival group was consecutively 37.1, 36.8, 36dygen affinity can be estimated by, Palculation, which
°C, in the first, second and third postoperative days, anebresents 50% of hemoglobin saturatiqgri®rmal value
36.8, 37.1, 36.8 °C for the survival group. = 26.6 mmHgQ).

The estimated Pon the first postoperative day was The rightward shift of OH-DC with P increase
low (24.82 £ 2.87 torr) in the surviving, and very lowoccurs in states of acidemy. This phenomenon is known
(19.08 = 2.79 torr) in the non-surviving patients with as the Bohr effect, and is expressed by an OH-DC related
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Figure 1 - Lactate levels as function of time. There was a statistical ~ Figure 2 - P_, determination as a function of time. There was no
difference between the groups (p<.05). 1% PO: first postoperative  statistical difference between groups except on the 1% postoperative
day, 2" PO: second postoperative day, 3 PO: third postoperative ~ day (p<.05). 1%t PO: first postoperative day, 2" PO: second
day. postoperative day, 3 PO: third postoperative day.
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Table 1
Oxygen Derived Parameters, 2,3 DPG and Hemoglobin Values
VARIABLE 1st P.O. 2nd PO. 3rd PO. p value
DO2 mL/min S 1013.30 £ 260.40 1072.20 £ 27.10 952.20 + 343.80 NS
N 916.20 + 342.30 890.00 + 175.00 869.00 + 40.30
VO2 mL/min S 289.30 + 73.80 280.30 + 123.10 282.80 + 58.50 NS
N 357.70 £ 87.90 295.20 + 76.50 250.30 + 37.10
O2ER S 0.31+0.14 0.27 +0.09 0.32+ 0.08
N 0.43+0.16 0.34 + 0.07 0.30 + 0.08 NS
PaO2 torr S 90.67 + 35.75 75.42 + 24.54 63.17 + 14.23
N 104.08 + 44.35 85.43 £ 30.93 96.30 + 37.10 NS
SvO2 % S 67.62 + 13.71 68.08 + 9.64 63.32 + 8.88
N 55.13 + 14.66 62.67 £ 5.10 68.42 + 6.71 NS
Hb g/dL S 11.32+ 2.18 11.47 + 1.42 11.18 + 1.47 NS
N 11.06 + 1.18 11.30+ 1.94 1091+ 1.41
2,3DPG mol/mL S 142 + 0.57 1.37+ 0.34 140+ 04 NS
N 1.03+0.23 135+ 0.27 1.58 + 0.33

DO2: oxygen delivery; VO2: oxygen consumption; O2ER: oxygen extraction rate; PaO2: arterial oxygen partial
pressure; SvO2%: venous oxygen saturation; Hb: hemoglobin; 2,3 DPG: 2,3 diphosphoglycerate; S: survivors; N: non-

survivors; NS: statistically not significant (level p < 0.05).

to pH variation. Clinically, the Bohr effect with its phosphate in red cells, and its concentration is equimolar
rightward shift in OH-DC helps in increasing @emand to the hemoglobin. Together with the ATP, 2,3 DPG links

in different situations in which greater, @vailability is

itself to the hemoglobin and competes with @creasing

needed. Temperature plays an important role in OH-Déxygen hemoglobin affinity, ie shifting OH-DC rightwards.

shifts. A PC increase in core temperature results in.a P

The basic mechanism for changing 2,3 DPG

increase of 1.5 mmHg which allows a bigggrsOpply to  concentration seems to be related to the hydrogen ion
tissues. A decrease of only 0.1 pH units means a 3 mmkElgncentration in red cells. These concentrations increase
increase in P. 2,3 DPG is the most common inorganior decrease together.
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Figure 3 - Blood replacement as a function of time. Volume
replacement was greater in non-survivors than in survivors. There
was no statistical difference between groups. OR: operating room,

Post-operative day

Figure 4 - P O, determination as a function of time, there was no
statistal difference between groups. Non survival patients showed
lower values in the first postoperative day. 1st, 2" and 3"

IPO: immediate, 1 t first postoperative day. postoperative days.
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Table 2
Hemodynamic Data

VARIABLE 1 PO. 2 PO. 34 PO. p value

CI L/min/m? S 4.12+1.00 4.81 +0.64 4.43 +0.75 NS
N 3.72+1.34 3.72+£1.10 3.57+£0.72

RAP mmHg S 12.33 £8.48 12.50 £ 1.64 11.00 £ 4.34 NS
N 14.33 £ 6.02 14.50 + 3.73 13.67 £5.35

WP mmHg S 15.17 £ 8.45 15.00 £ 3.16 16.17 £ 9.41 NS
N 15.17 £3.31 19.83 +£5.88 14.83 +£3.76

PVR dyne.sec/lcm®*m? S 126.00 + 31.76 125.83 + 64.38 139.83 £ 62.92 NS
N 154.00 + 74.95 193.67 + 42.72 198.50 + 25.40

SVR dyne.sec/cm®m? S 805.08 + 99.99 659.83 + 129.04 755.83 £ 30.78 NS
N 625.17 + 206.06 794.67 + 441.65 692.83 + 64.58

HR S 87.33 +17.60 93.17 +11.11 96.00 + 25.32 NS

bpm N 113.83 + 20.21 111.67 + 10.13 108.83 + 21.12

MAP mmHg S 81.67 + 13.29 75.00 + 15.17 75.00 + 10.00 NS
N 59.50 +10.67 71.83 £10.23 70.50 £ 14.53

PAP mmHg S 26.17 £10.50 26.83 £ 4.31 27.67 £ 11.08 NS
N 26.50 + 6.22 33.33+10.25 28.17 +7.47

Cl: cardiac index; RAP: right atrium pressure; WP: wedge pressure; PVR: pulmonary arterial resistence; SVR:
systemic vascular resistence; HR: heart rate; MAP: medium arterial pressure; PAP: pulmonary arterial pressure;
S: survivors; N: non-survivors; NS: statistically not significant (level p< 0.05).

Ideally, hemorrhagic volume lost should be replace@pidly decrease in whole blood and packed red cells stored
with fresh blood, which could maintain adequate levels afi CPD, CPDA-1 or CPDA-2 as anticoagula&tis§1617)
2,3 DPG. In this study, it was observed that@sumption In our study there was no important decrease in 2,3 DPG
increased with persistent ER increases. levels, even in patients whose lactate levels were very high.

Unfortunately, despite massive volume administratiowe also did not find any statistical difference in 2,3 DPG
and blood transfusion and drug support, we were unableévels between surviving and non-surviving patients. We
maintain oxygen availability at reasonable levels to meebserved an extreme leftward shift of the OH-DC in the
tissue demands. The inadequacy pépply can be shown non-survivors group on the first postoperative day. The
by the elevated lactate levels. In fact, although there wamain objective of this study was, independent of any
significant increase in lactate levels during the study, tledinical preoperative condition, to verify the influence on
high values obtained reflected a disorder in the oxygemxygen transportation of 2,3 DPG deprivation caused by
supply. The inadequacy of @ansport was corroborated massive transfusion. The 2,3 DPG levels obtained cannot
by the elevated mortality observed (50%), mainly in patienexplain our results.
whose serum lactate remained higher than 20 rag.dl Simultaneously, there was a sharp elevation in lactate
Conversely, other factors, such as the degree ,of @vels in the same group during the same period. The lack
dissociation from hemoglobin, can explain an abnormal ©f consensus about the relationship between critical values
supply to the celf$!%1112139 Several studies have speculatedf OH-DC and oxygen delivery in clinical situations cannot
that changes in pH, temperature, Pa@@d phosphate provide a reasonable explanation for this finding. Despite
concentration are the most common factors associated wiitie theoretical importance of An O, delivery to the
altered hemoglobin-oxygen affinity tissues, there are some contradictory aspegss Pot

In critical patients, multiple factors can change thdecisive in decreasing ®@elease to tissues during
optimum relation between oxygen supply/demandormoxia, except at very low,dbading'®.
Because of this, it is hard to specify a single factor In our study, the (ER remained elevated at all times
responsible for increasing the level of blood lactate. Wand there was no difference inER between surviving
observed a leftward shifted Pas shown in figure 3. Mild and non-surviving patients. This fact can be explained by
alkalosis and a slight decrease in levels of organimsatisfactory Quptake. Decreased lactate levels in the
phosphate in red blood cells could explain the OH-DE8urviving group may suggest that most, if not all, tissues
deviation. It has been previously shown that 2,3 DPG levalgher tolerate acutely reduced, @ading or utilize
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normal.
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REsumo

Objetivo: Avaliar a oxigenagao sangiliinea, a hemodinamica e a bioguimica (2,3-Difosfoglicerato, Lactato e Gases Sanglineos)
no poés-operatério de pacientes submetidos a cirurgia cardiaca que foram politransfundidos. Desenho: estudo prospectivo.
Local: Instituto do Coragéo do Hospital das Clinicas da Faculdade de Medicina da Universidade de Sao Paulo. Partipantes:
Doze pacientes de poés-operatdrio de cirurgia cardiaca que foram politransfundidos, dentre os quais seis evoluiram para o
Obito durante os trés primeiros dias de pos-operatério. Mensuragdo e resultados: o grupo de ndo sobreviventes (n=6)
apresentou niveis elevados de lactato sangiiineo e P significativamente menor (p<0,05) que o grupo de sobreviventes.
Ambos 0s grupos, apresentaram aumento de consumo e extragdo de oxigénio, além de discreta diminuigdo dos niveis de 2,3-
Difosfoglicerato, embora sem diferenca significativa entre os grupos. Concluséo: este estudo mostra que pacientes
politransfundidos no poés-operatério de cirurgia cardiaca apresentam alteragbes na oxigenacao celular, provavelmente
decorrentes de inadequado transporte de oxigénio.
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