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Abstract Objective." Commercially 
available semi-continuous cardiac 
output  (SCCO) monitoring systems 
are based on the pulsed warm ther- 
modilution technique. There is evi- 
dence that SCCO fails to correlate 
with standard intermittent bolus 
cardiac output (ICO) in clinical sit- 
uations with thermal instability in 
the pulmonary artery. Furthermore, 
ventilation may potentially influ- 
ence thermodilution measurements 
by enhanced respiratory variations 
in pulmonary artery blood tempera- 
ture and by cyclic changes in ve- 
nous return. Therefore, we evaluat- 
ed the correlation, accuracy and 
precision of  SCCO versus ICO 
measurements before and after ex- 
tubation. 
Design: Prospective cohort study. 
Setting." Intensive care unit (ICU) of 
a university hospital. 
Patients and participants." 22 cardi- 
ac surgical ICU patients. 
Interventions." None. 
Measurements and results." SCCO 
and ICO data were obtained at nine 
postoperative time points while the 
patients were on controlled mechan- 

ical ventilation. Further sets of  
measurements were taken during 
the weaning phase 20 rain before 
extubation, and 5 min, 20 min and 
1 h after extubation. SCCO and 
ICO measurements yielded 286 data 
pairs with a range of  1.8-9.9 l/rain 
for SCCO and 1.9-9.8 1/min for 
ICO. The correlation between 
SCCO and ICO was highly signifi- 
cant (r = 0.92; p <  0.01), accompa- 
nied by a bias of  -0 .0521/min and 
a precision of 0.561/min. Correla- 
tion, accuracy and precision were 
not influenced by the mode of res- 
piration. 
Conclusions: Our results demon- 
strate excellent correlation, accuracy 
and precision between SCCO and 
ICO measurements in postoperative 
cardiac surgical ICU patients. We 
conclude that SCCO monitoring of- 
fers a reliable clinical method of 
cardiac output monitoring in ICU 
patients following cardiac surgery. 
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Introduction 

Monitoring of blood pressure, heart rate, peripheral oxy- 
gen saturation, mixed venous oxygen saturation, central 
venous pressure, pulmonary artery pressure, temperature 
and cardiac output is considered essential when assessing 

critically ill patients. Most of  these parameters are 
monitored continuously. In contrast, cardiac output data 
are generally obtained by the intermittent manual bolus 
thermodilution technique. Data gathering using this ap- 
proach may be time-consuming and will result in sporadic 
values. Furthermore, standard intermittent bolus ther- 
modilution cardiac output (ICO) measurements are ac- 
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companied  by the risk o f  bacterial con tamina t ion  via flu- 
id adminis t rat ion [1], by the risk o f  fluid overload in flu- 
id-sensitive patients, and by several specific user-induced 
errors [2, 31. 

Several approaches to semi-cont inuous or cont inuous  
measurement  o f  cardiac output  have been evaluated in the 
last decade, such as the computer ized Fick method  [4], 
t ransoesophageal  or transtracheal Doppler  u l t rasound [5, 
6], peripheral arterial waveform pulse contour  analysis 
[7], t ransthoracic or  t ransoesophageal  b io impedance 
techniques [8, 91, intravascular u l t rasound [101, wire ane- 
mometer,  neural networks based on phonocard iograms  
and "injectless" cold thermodi lu t ion  techniques [11]. 
Some of  these techniques have been developed for clinical 
use in critically ill patients [9], but  mos t  have failed for 
technical or economical  reasons. The cont inuous  pulsed 
warm thermodi lu t ion  technique seems to be clinically fea- 
sible. With  this device, a safe level [12, 13] of  heat is trans- 
ferred to the b lood by a computer-control led thermal  fila- 
ment  moun ted  on a modif ied s tandard Swan-Ganz cathe- 
ter (IntelliCath, Baxter Healthcare,  Irvine, Calif.). In or- 
der to obtain immuni ty  to the natural  temperature varia- 
tions in the pu lmonary  artery, which is considered the 
background  " thermal  noise", heat  is transferred to the 
b lood in a p seudo- random on-o f f  fashion [13, 14]. The 
resulting changes in pu lmona ry  ar tery temperature are re- 
corded by the distal rapid-response thermistor  in the pul- 
mona ry  artery. Wi thou t  user calibration, the accompany-  
ing software system (Vigilance, Baxter Healthcare, Irvine, 
Calif.) automat ical ly  computes  a cross-correlation be- 
tween the fi lament input  sequence, the power and the 
distal thermistor  response to b lood  warming [14]. F rom 
this cross-correlation, the cardiac output  is calculated us- 
ing a modif ied Stewart-Hamil ton equat ion [14, 15], and 
this measurement  is updated  every 30 s. The value dis- 
played on the moni to r  screen reflects an average o f  con- 
t inuous cardiac output  (SCCO) measurements  f rom the 
previous 3 - 6 m i n  [15]. Therefore, some authors  have 
characterized SCCO as a semi-cont inuous technique and 
not  as a strictly cont inuous  technique [16]. In  addition, 
tradit ional  ICO data  may be obtained through the same 
equipment  using s tandard procedures and equations. 

Under  stable pat ient  conditions,  good  correlation, ac- 
curacy and precision between SCCO and ICO measure- 
ments have been reported [16 -18 ] ,  which is in accor- 
dance with experiments in several animal  models [19, 20]. 
However, these two methods  fail to correlate in the early 
phase after weaning f rom hypothermic  extracorporeal  cir- 
culat ion [2t], possibly because o f  systematic errors in 
thermodi lu t ion  cardiac ou tpu t  based on increased ther- 
mal instability in the pu lmona ry  artery b lood  temperature 
(TemppA) during this phase [21-23] .  Cyclic variations in 
Tempp A and cyclic changes in venous return associated 
with respiration are well-known sources o f  error in ther- 
modi lu t ion  cardiac output  measurements,  because both  
effects may violate the assumptions  made  for thermodilu-  

t ion cardiac ou tpu t  algori thms [22, 24, 25]. We therefore 
evaluated the correlation, accuracy and precision o f  
SCCO moni tor ing  versus the clinical "gold s tandard"  [2, 
261 ICO technique in postoperat ive cardiac surgical pa- 
tients. 

Materials and methods 

After institutional approval and informed consent, 22 patients fol- 
lowing coronary revascularization were studied according to the 
principles established in Helsinki. Proper positioning of each pul- 
monary artery catheter (PAC), which was inserted preoperatively, 
was confirmed by routine chest X-ray immediately following admis- 
sion to the intensive care unit (ICU) and by continuous on-line 
monitoring of the pulmonary artery pressure curve. Standard ICO 
measurements were performed by injection of ice-cold saline solu- 
tion (10ml) through a closed-delivery system (Co-Set, Baxter 
Healthcare, Irvine, Calif.) at end-expiration, with <4s  injection 
times. With each injection, the morphology of the resulting ther- 
modilution curve was visualized on the SCCO/ICO monitoring sys- 
tem and inspected for accuracy to exclude artefacts. The reported 
ICO values represent the average of three measurements, which 
were all within 10% of each other. SCCO was obtained from the 
mean of two SCCO measurements immediately before and after 
measuring ICO. The computer constant of the Vigilance System 
(software version 3/84) was chosen according to the manufacturer's 
recommendations. 

SCCO and ICO data pairs were obtained 15 min after arrival in 
the ICU (T1) and 30 min (T2), 1 h (T3), 2 h (T4) , 3 h (Ts), 5 h (T6), 
7 h (TT), 9 h (Ts) and 11 h (T9) following T 1. Further sets of mea- 
surements were taken 20 min before extubation of the patient's tra- 
chea during the P-piece trial (T10), and 5 rain (Tli), 20 min (Tl2), 
and I h (T13) after extubation of the trachea. The central blood 
temperature in the pulmonary artery (TemPpA; PAC tip) and the 
rectal temperature (TemPRec) (Servomed, Hellige, Freiburg, Germa- 
ny) were determined and recorded at all time points. Patients were 
sedated postoperatively via continuous infusion of propofol and in- 
termittent bolus administration of opioids until 60 rain before the 
estimated extubation time. Muscle relaxants were not administered 
during the entire ICU stay. The patients' lungs were mechanically 
ventilated using intermittent positive pressure ventilation (Ser- 
vo 900C, Siemens Elema, Solna, Sweden) avoiding positive end-ex- 
piratory pressure. The respiratory rate was adjusted to 10 breaths/ 
min assuring a PaCO a of 35 40 mmHg. The patients were discon- 
nected from the ventilator 30 min before extubation and allowed to 
breathe spontaneously via the oral endotracheal tube (T-piece trial). 
The patient's trachea was usually extubated 30 rain later, and addi- 
tional oxygen was administered via a nasal tube during the entire 
study period. The general treatment of the patients was carried out 
by independent ICU physicians who were not involved in any study 
procedures. Electrocautery, rapid volume infusions or infusions via 
the side arm of the introducer, which are all known as sources of 
potential errors in thermodilution cardiac output determination 
[25, 27, 28], were avoided during the measurements. 

The statistical anaiysis was performed using linear regression 
for the data pairs and Pearson's correlation coefficient, including 
bias and precision, for each time point according to the recommen- 
dations of Bland and Altman [29]. Bias was calculated as the mean 
difference between ICO and SCCO. Precision represents the stan- 
dard deviation (SD) of the average of the biases [29]. P <  0.05 was 
considered statistically significant. The data are presented as 
mean + SD. The data in Fig. 2 are mean_+ standard error of the mean 
(SEM). 
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Table 1 Correlation, bias and 
precision between intermittent 
standard cardiac output and 
semi-continuous cardiac out- 
put measurements. The cor- 
relation between intermittent 
standard bolus thermodilution 
cardiac output and semi-con- 
tinuous cardiac output was 
highly significant (r = 0.92; 
P<  0.01), accompanied by an 
excellent bias of - 0.0521/min, 
and a precision of 0.561/min 
for all data pairs. The ac- 
curacy of SCCO did not 
change significantly within the 
entire study period 

Time point Correlation Bias Precision 
r (I/min) (1/min) 

Tt 15 min after arrival in the ICU 0.81 -0.109 0.716 
T 2 30rain after T~ 0.93 -0.077 0.469 
T 3 1 h after T; 0.91 0.091 0.488 
T 4 2h after T 1 0.90 -0.014 0.552 
T 5 3 h after T~ 0.89 0.132 0.721 
T 6 5 h after T~ 0.95 -0.023 0.541 
T 7 7h after T 1 0.96 0.085 0.493 
T s 9h after T 1 0.92 0.018 0.624 
T 9 11 h after T 1 0.97 -0.164 0.391 
T10 20 rain before extubation 0.93 0.027 0.521 
Tll 5 rain after extubation 0.93 -0.186 0.643 
T12 20 rain after extubation 0.92 - 0.186 0.618 
T~3 1 h after extubation 0.94 -0.195 0.538 

Results 

The patients '  ages ranged from 49 to 73 years (61+7 
years) and their weights from 54 to 91 kg (74_+10 kg). 
SCCO and 1CO measurements yielded 286 data pairs 
with a range of  1 .8-9 .91/ra in  for SCCO and 
1.9-9.8  l/rain for ICO. All cardiac output data obtained 
were included in the analysis. The correlation between 
SCCO and ICO was highly significant (r = 0.92; p < 0.01; 
Table 1) accompanied by a bias of -0 .0521 /min  and a 
precision of  0.561/min (Fig. 1). This was not significantly 
altered by the different respiratory settings before, during 
or after weaning from mechanical ventilation (Table 1). 
We did not observe any relevant differences in correlation, 
accuracy or precision for the different levels of mean car- 
diac output  (Table 1, Fig. 2). 

Following weaning from mechanical ventilation we 
found a slight increase in mean cardiac output when the 

patients were breathing spontaneously after extubation of  
the trachea (Tl~-13)- This insignificant trend in cardiac 
output  was reflected by both methods (Fig. 2). After ex- 
tubation (T~0, we found only a small and insignificant 
increase in precision (0.643 l/rain) (Table 1). The correla- 
tion between SCCO and ICO was neither affected by the 
typical postoperative changes in TemppA and TemPRec, 
which included mean central blood temperatures between 
35.5 +0 .8~  and 38.2+0.5~ and individual tempera- 
tures between 33.2~ and 39.6~ (Table2), nor by the 
changes in central blood temperature following weaning 
from mechanical ventilation (Table2, Fig. 2). Neither 
ICO nor SCCO failed at any time point and we did not 
observe any adverse conditions when SCCO measure- 
ments could not be performed. Furthermore, we did not 
recognize any adverse effects of  the SCCO/ ICO pulmo- 
nary artery catheter and the SCCO/ ICO monitoring 
equipment. 
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Fig. 1 Evaluation of standard intermittent bolus thermodilution 
cardiac output (ICO) versus semi-continuous cardiac output 
(SCCO) monitoring revealed an excellent accuracy (bias 
-0.052 l/rain) and precision (0.561/min) in ICU patients following 
cardiac surgery 

Discussion 

Our results demonstrate an excellent correlation, accuracy 
and precision between SCCO and the clinical "gold stan- 
dard" ICO measurements in ICU patients following cor- 
onary revascularization. This was observed during the en- 
tire study period, including time points before, during 
and after weaning from mechanical ventilation. The ob- 
served changes in mean central blood temperature over 
time did not influence these findings. 

These data are in accordance with the preliminary 
findings of  Lichtenthal et al., who compared standard 
ICO with SCCO measurements in 16 ICU patients after 
cardiac surgery [17]. They included 165 data pairs and re- 
ported a correlation of  r = 0.84 and an excellent bias of  
-0 .008 1/min, while the precision was acceptable [17]. 
Davis and Sakuma obtained 94 intra- and postoperative 
(24 h ICU) data sets from 20 cardiac surgical patients 
[16]. The preliminary data of  these researchers showed an 
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Fig. 2 The correlation between standard intermittent bolus ther- 
modilution cardiac output  (ICO) and semi-continuous cardiac out- 
put  (SCCO) was not  affected by the postoperative changes in pul- 
monary artery blood temperature (TEMPpA). The data in this fig- 
ure are presented as mean_+SEM 

overall bias of 0.08 1/min and a precision of 0.661/min. 
Furthermore, Yelderman and coworkers investigated 
SCCO in 54 ICU patients, 42 of them following cardiac 
surgical procedures [30]. They reported a correlation of 
0.94 and a bias of 0.02 l/rain based on 222 data pairs [30]. 

Because ICO and SCCO are based on the thermodilu- 
tion principle, both methods may include identical 
systematic errors [2, 25]. Thus, it is of great interest to 
search for an independent reference method. Since this is 
very difficult in a clinical ICU setting, most investigators 
use ICO measurements for comparison [12-18]. ICO has 
been verified to correlate well with other methods of mea- 
suring cardiac output [26, 31], and it still represents the 
"gold standard" of clinical cardiac output monitoring [2]. 
Schmid and Tornic [18] compared ICO and SCCO with 
a traditional thermodilution reference system, which has 
been tested and confirmed by comparing it in vivo with 
the Fick principle as well as in vitro with electromagnetic 
flowmetry. Their preliminary data suggest that SCCO 
measurement is less accurate (r=0.85; bias_+SD= 
0.01_+0.91/rain) than ICO measurement (r= 0.97; bias 

+SD = -0.12_+0.41 1/min) in a clinical setting. When 
SCCO and ICO were compared with electromagnetic 
measurement of aortic blood flow during cardiac surgery, 
the preliminary data showed that the SCCO technique ap- 
peared to have a slightly better accuracy (bias 0.12 l/rain, 
precision 0.511/min) than the ICO technique (bias 
0.33 l/rain, precision 0.81 l/rain) [32]. 

Despite good correlation, accuracy and precision be- 
tween SCCO and ICO in various clinical and experimen- 
tal settings, we recently observed a lack of correlation in 
the early phase after weaning from hypothermic extracor- 
poreal circulation (ECC) [21]. We hypothesized that ther- 
mal instability in combination with increased respiratory 
variations in pulmonary artery blood temperature due to 
inhomogeneous rewarming in the early phase after ECC 
may influence both thermodilution methods. Further sig- 
nificant differences between SCCO and ICO measure- 
ments were observed by Spackman and Abenstein during 
the use of an upper-body warming blanket in patients un- 
dergoing aortic reconstructive surgery [23]. Ventilation 
may influence thermodilution measurements by increas- 
ing thermal noise with cyclic variations in T e m p p  A and by 
inducing cyclic changes in venous return [22, 24]. The in- 
fluence of controlled mechanical versus spontaneous ven- 
tilation on SCCO has not been investigated previously. 
Thus, we focused on the phase before and after extuba- 
tion of the trachea. Our results demonstrate a good corre- 
lation, accompanied by an excellent accuracy and preci- 
sion between SCCO and ICO measurements during the 
entire study period. We were able to exclude the possibili- 
ty that the ventilatory setting may have a relevant influ- 
ence on the correlation and accuracy of both methods. 

The true cardiac output in patients may have changed 
during the determination period of one SCCO and ICO 
data pair, because both methods cannot be performed si- 
multaneously. In contrast to most previous investigators 
[16, 17], we measured SCCO before and after the ICO 
measurements and recorded the mean of these two values 
as SCCO. If cardiac output had changed, the mean of 
both SCCO values should represent cardiac output dur- 

Table 2 Mean pulmonary 
artery blood temperatures 
(TemPeA) and mean rectal 
temperatures (TempRec) ob- 
tained from the patients dur- 
ing the entire study period. 
The data are presented as 
mean_+ SD (range) 

Time point Tempp A TemPRe c 

T 1 15 min after arrival in the ICU 35.5_+0.8 (33 .2-36 .6)  
T 2 30min  after T 1 35.9_+0.8 (33 .8-36 .9)  
T 3 l h  after T t 36 .1+0.9  (34 .0-37 .6)  
T 4 2 h  after T 1 36.6_+1.1 (34 .5-38 .8)  
T 5 3 h after T l 37.4 _+ 0.9 (35 .6 -  38.9) 
T 6 5 h after T 1 38.0-+0.5 (36 .9-38 .9)  
T 7 7 h  after T~ 38.2_+0.6 (37 .1-39 .2)  
T 8 9 h  after T 1 38.2_+0.5 (37 .3-39 .6)  
T 9 11h after T 1 37.9-+0.4 (36 .9-38 .7)  
T~0 20 min before extubation 37.8-+ 0.5 (36 .8 -  39.0) 
Tll 5 min after extubation 37.8_+ 0.6 (36 .5 -  39.2) 
T12 20 min after extubation 37.7_+ 0.6 (36 .5 -  39.3) 
T13 1 h after extubation 37.6_+ 0.6 (36 .2 -  39.0) 

35 .9+0.8  (34.5 - 37.7) 
35.9 + 0.8 (33.8 - 37.0) 
36 .0+0.9  (34 .1-37 .4)  
36.4+ 1.0 (34 .6-38 .2)  
37.0 _+ 0.9 (35.3 - 39.0) 
38.2_+0.5 (37 .2-39 .2)  
38.4 + 0.6 (37.4 - 39.4) 
38 .5+0.5  (37 .8-39 .5)  
38.2+0.5  (37 .2-39 .1)  
38.1 + 0.5 (37 .2 -  39.2) 
38.0_+0.7 (36 .5-39 .3)  
38 .0+0.6  (36.8 - 39.4) 
37.8 _+ 0.7 (36.3 - 39.4) 
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ing the time of  ICO measurement more accurately. To ob- 
tain ICO data, the average of three measurements initiat- 
ed at end-expiration was used. This is in accordance with 
the recommendations for clinical ICO measurement [26]. 
However, ICO measurements determined at end-expira- 
tion may have led to a systematic bias, which unpredic- 
tably may lead to underestimation [33 - 36] or overestima- 
tion [25, 37] of  cardiac output, depending on the volume 
and haemodynamic status of the patient on the individual 
ventilatory setting [38, 39]. Averaging of three or four 
measurements equally distributed over the ventilatory cy- 
cle has been recommended for more accurate ICO estima- 
tion [38, 39]. We cannot exclude that the timing of  ICO 
measurements may have had an impact in our individual 
clinical situation. However, the haemodynamic, ven- 
tilatory and volume variables of  our patients changed ex- 
tensively during the study period, which may have equal- 
ized systematic errors. 

It has to be taken into consideration that the cardiac 
output value displayed on the SCCO monitor is an aver- 
age of  the previous 3 - 6  min [15]. Animal investigations 
suggest that acute haemodynamic alterations are satisfac- 
torily detected by SCCO measurement [19, 20]. However, 
sudden physiological changes in cardiac output may not 
be exactly reflected and displayed by the SCCO software 
version used. If  there is evidence of sudden relevant 
changes in cardiac output, acutely performed ICO mea- 
surements may then prove to be superior. 

No side-effects or further limitations of  the SCCO 
catheter or monitoring system were recognized during the 
entire study period. Concerning the safety of this new de- 
vice, the amount  of  heat transferred to the blood by the 
thermal filament is thought to be within a safe range for 
patients [12, 13, 40]. The surface temperature usually in- 
creases no more than 4 - 7  ~ above the actual blood tem- 
perature. The absolute temperature is limited to 44~ 
which is continuously controlled via internal inhibitory 
feedback mechanisms [13, 15]. Only a thin layer of  blood 
directly exposed to the filament is heated in this way, and 
the change in whole blood temperature measured at the 
distal thermistor is usually less than 0.05 ~ Lichtenthal 
et al. studied the safety of SCCO monitoring in compari- 
son to a standard Paceport catheter during continuous 
use over 7 days in sheep [i2]. They neither observed any 
increase in body temperature, nor did they find any ef- 
fects on serum levels of  total creatine kinase and isoen- 
zymes, protein, glucose, urea nitrogen, creatinine, choles- 
terol, bilirubin, uric acid, electrolytes, osmolarity, plasma 
haemoglobin or thromboxane. No differences were ob- 
served in the coagulation parameters or in the gross and 
microscopic local findings in the vena cava and the heart 
[12] (for detailed technical and safety considerations of 
the SCCO system, please see references 12, 13 and 15). 

In patients undergoing nuclear magnetic resonance 
imaging, the manufacturer 's  recommendations include 
that the thermal filament-mounted catheter should be re- 

moved to prevent damage or melting of  the catheter. Be- 
cause there are no recommendations in terms of handling 
the indwelling catheter with the thermal filament in the 
case of  electrical cardioversion or defibrillation, it should 
be noted that emergency external defibrillation due to 
ventricular fibrillation was performed in one of our pa- 
tients with the catheter in place. This happened without 
any side-effects, and both SCCO and ICO measurements 
were continued after external defibrillation. 

Despite possible benefits, the cost/benefit  ratio of  a 
new technology has to be taken into consideration. The 
catheter used is about twice as expensive as a normal 
PAC. One may argue that similar information may be ob- 
tained from continuous mixed venous oxygen saturation 
and ICO. However, we believe that in the clinical ICU 
routine, ICO data are usually not obtained often enough. 
The chance of  missing relevant changes in cardiac output 
is far greater when using only ICO. Obtaining ICO data 
in ICU patients involves personnel resources and indica- 
tor delivery systems, which increase costs. An advantage 
of  this new system is that there is no need for calibration 
and that special user training or experience is not re- 
quired. SCCO monitoring may further reduce the risk of  
bacterial contamination or volume overloading [1-3] ,  
which may be relevant in the case of  frequent ICO mea- 
surements. Possible errors of  the ICO method induced by 
indicator loss [3, 25] or respiratory variations in cardiac 
output [22, 33 -39]  are eliminated by the averaging SCCO 
algorithm. However, the effects of  rapid volume infusions 
or fever with high temperatures, which call for a reduc- 
tion in the relative amount  of heat delivered by the ther- 
mal filament, on the accuracy of  SCCO has to be focused 
in further investigation. Theoretically, reducing the 
amount  of heat may not decrease the accuracy of  the de- 
vice, because the binary pseudo-random code of heat de- 
livery is relevant for signal processing and not the abso- 
lute amount  [14, 15]. It is not known whether SCCO 
monitoring has any impact on therapeutic strategy or pa- 
tient outcome. However, the impact on outcome is also 
unknown for pulmonary artery catheterization in general. 
We would not recommend routine SCCO monitoring for 
every patient who needs pulmonary artery pressure moni- 
toring, but we feel that the SCCO data displayed at bed- 
side may be of  clinical use in selected patients. However, 
the specific limitations of this SCCO system, i.e. the aver- 
aging algorithm and the semi-continuous data presenta- 
tion with the software version investigated, have to be tak- 
en into consideration. In situations where immediate in- 
formation about the patients' actual cardiac output is re- 
quired, ICO can be obtained by the same system without 
further equipment. 

In conclusion, we have demonstrated that SCCO mea- 
surement offers a reliable and safe clinical method for the 
determination of  cardiac output in postoperative cardiac 
surgical ICU patients. Further studies are required that 
focus on the accuracy of  updated SCCO software ver- 
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sions in haemodynamica l ly  unstable  patients.  Moreover, 
subgroups of pat ients  may be identified,  in whom SCCO 
moni to r ing  may optimize t reatment .  
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