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Abs t r ac t .  We evaluated  the  ou t come  o f  o n c o l o g y  pat ients  
in the  Ped ia t r i c  Intensive Care  Un i t  (P ICU)  f rom a to ta l  
o f  72 consecut ive admiss ions .  Severity o f  i l lness and  
q u a n t i t y  o f  care were measu red  by  the Phys io log ic  Stabi l-  
i ty  Index  (PSI)  and  the  Therapeu t i c  In te rven t ion  Scor ing  
System (TISS),  respectively. The  overall m o r t a l i t y  was 
51 ~ and  was especia l ly  high in pa t ien ts  admi t t ed  for  
acute  o rgan  system fai lure (OSF)  - 66070. Acu te  respira-  
t o ry  fai lure was the  mos t  f requent  O S F  (73~ and  the 
mos t  c o m m o n  cause for  P I C U  admiss ion .  A p o o r  out -  
come  was assoc ia ted  with  severe l eucopen ia  
( <  1000 W B C / m m  3, 91070 mor ta l i ty ) ,  acute  renal  fai lure 
(94~ mor ta l i ty )  and  centra l  nervous  system de te r io ra t ion  
(83070 mor ta l i ty ) .  W h e n  the  ou tcome  was p red ic ted  using 
a quant i ta t ive  a lgo r i t hm the  observed  m o r t a l i t y  was sig- 
n i f i can t ly  h igher  t h a n  the pred ic ted  for  all  admiss ions  
with a P S I  h igher  t han  5. Improved  scor ing systems are 
requi red  to enable  cha rac te r i za t ion  o f  ped ia t r i c  cancer  
pa t ien ts  admi t t ed  to  the  PICU.  

Key words:  C h i l d r e n -  Cancer  -- Prognos is  - Intensive 
care 

The  o u t c o m e  o f  adu l t  o n c o l o g y  pat ients  a d m i t t e d  to  the  
Intensive Care  Uni t  ( ICU)  has  been  shown to be p o o r  de- 
spi te  increas ing the rapy  [1 - 3 ] .  Nevertheless,  a d i sp ropor -  
t iona te  a m o u n t  o f  resources  were employed  on  this p o o r  
ou t come  group.  The  nature,  spec t rum o f  diseases,  course  
a n d  prognos i s  o f  c h i l d h o o d  mal ignanc ies  are di f ferent  
f rom tha t  seen in adu l t  cancer. Thus,  physic ians  car ing  
for  acu te ly  ill ped ia t r i c  cancer  pa t ien ts  c anno t  rely on  in- 
f o r m a t i o n  f rom and  experience with  adul t s  [4]. There  has  
been  on ly  one s tudy  address ing  i tself  to  this  issue [5]. 
This  was a re t rospect ive  hosp i ta l  char t  review o f  pa t ien ts  
inc lud ing  on ly  one m a j o r  subgroup  o f  the  ped ia t r i c  can-  
cer  p o p u l a t i o n :  ch i ldren  with  hema to log i c  mal ignancy.  

The  p u r p o s e  o f  the  present  s tudy  was to evaluate,  pro-  
spectively, the  o u t c o m e  o f  ped ia t r i c  pa t ien ts  wi th  under-  

ly ing mal ignancies  admi t t ed  to the  PICU,  to del ineate  
factors  tha t  m a y  affect  the  prognosis ,  and  to assess the  
app l icab i l i ty  o f  phys io log ic -based  scor ing me thods  and  
prognos t ic  p red ic tors  in this  un ique  group  o f  pat ients .  

Patients and methods 

This prospective study is the result of collaboration between two 
multidisciplinary PICUs following the same study protocol: the Beilin- 
son Medical Center, Petah-Tikva, Israel (Hospital A) and Childrens 
Hospital, Los Angeles, USA (Hospital B). Both medical centers are ter- 
tiary centers for pediatric intensive care and pediatric ontology. Patients 
were admitted at the request of the Pediatric Oncology service, on the 
understanding that once the acute illness had been overcome, further 
therapy would be provided for the basic disease from which a successful 
outcome was still possible. 

Patients with newly diagnosed brain tumors who were admitted to 
the PICU for short-term post-operative observation foUowing ven- 
triculo-peritoneal shunt operation were not included in this study. These 
patients were not subjected to oncologic therapy at that time and did 
not have organ system failure. Patients with brain tumors who were ad- 
mitted because of acute deterioration (sepsis, acute respiratory failure, 
etc.) or for post-operative care and procedures while they were under on- 
cologic follow-up or treatment, were included in the study. 

Data were collected daily from 72 consecutive admissions (47 in 
Hospital A and 25 in Hospital B) of pediatric cancer patients to the 
PICUs between 1986 and 1988. The information included: 1) demo- 
graphic data, 2) past-medical history, 3) specific cause for PICU admis- 
sion, 4) type of PICU admission criteria (acute organ system deteriora- 
tion versus procedure and postoperative observation), 5) number and 
specific types of organ system failure (OSF), 6) length of PICU stay, 7) 
severity of illness, and 8) amount and type of treatment each patient re- 
ceived in the PICU. Organ system failure was defined using the criteria 
and principles of Wilkinson et al. [6]. These principles are based on 
clinical and laboratory measurements and the nature of supportive care. 
OSFs were diagnosed as extreme physiologic abnormalities, extremely 
abnormal laboratory values, or the need to use a hfe-sustaining therapy 
in order to ameliorate or eliminate these physiologic or laboratory ab- 
normalities [6]. The variables were evaluated and correlated to outcome. 
Non-survival was defined as death in the PICU. Whenever a "do not re- 
suscitate" order was applied, it was on the basis of the current disease 
status regardless of baseline oncologic disease. These patients died in 
the PICU ("non-survivors"). 

Two scoring systems applicable to pediatric intensive care were used. 
Between them they provide objective measures for determining severity 
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Table 1. Mortality by underlying disease 

Underlying disease No. Died (%) 

R e s u l t s  

Hematologic malignancies: 
Acute lymphoblastic leukemia 15 
Acute myeloblastic leukemia 10 
Chronic myetocytic leukemia 4 
Congenital mixed ieukemia 1 
Acute nonlymphocytic leukemia 2 
Hodgkin lymphoma 3 
Non-Hodgkin lymphoma 4 
Histiocytosis 4 

Subtotal 43 

Solid tumors: 
Neuroblastoma 9 
Rhabdomyosarcoma 5 
Ewing sarcoma 2 
Osteogenic sarcoma I 
Meningosarcoma 1 
Wilms tumor 4 
Astrocytoma 1 
Adrenal cortex carcinoma 1 
Hepatoblastoma 2 
Lung tumor 1 
Primitive neuroectodermal tumor 1 
Ependymoma 1 

Subtotal 29 

Total 72 

5 (33) 
8 (80) 
a (50) 
0 
2 (100) 
2 (67) 
2 (50) 
3 (75) 

24 (56) 

7 (78) 
2 (40) 
1 (50) 
0 
0 
0 
1 (loo) 
0 
1 (50) 
0 
1 (100) 
0 

13 (45) 

37 (51) 

of illness, prediction of outcome, cost and manpower needs and enable 
comparison of patient care between PICUs [7-11]. 

1. The Therapeutic Intervention Scoring System (TISS) was used daily 
to quantitate therapy and resources expended by assigning points from 
1 - 4  to various therapeutic interventions based on complexity and inva- 
siveness [7, 9]. The TISS is applicable to children in PICU [7] and to 
acutely ill cancer patients [12]. The higher the score, the more care pro- 
vided. 

2. The Physiologic Stability Index (PSI) was used daily to assess objec- 
tively the severity of illness by quantitation of the degree of abnormality 
in 34 variables from 7 physiologic systems. This scoring system was de- 
signed specifically for the PICU population [8]. The higher the score, 
the more physiologically unstable the patient. Scores less than 9 general- 
ly correspond to low mortality risk, while scores greater than 24 corre- 
spond to high mortality risk [8, t3, 14]. 

The probability of death was calculated using the algorithm formu- 
lated by Pollack et al. [14]. This algorithm predicts the outcome of pa- 
tients in the PICU according to a weighted sum of admission PSIs for 
the various organ systems and age. This mortality predictor has been as- 
sessed in 9 PICUs and was found to be highly reliable [14]. In addition, 
the relationship between the admission-day PSI and patient age and the 
probability of death was characterized by a multivariate logistic regres- 
sion. We used the equation for logistic function derived by Pollack et 
al. [14] and compared the weightings assigned to each organ system 
with those of Pollack et al. 

Statistical evaluation of the data and comparison with published 
mortality prediction algorithms were done using SAS (SAS Institute, 
Cary, NC). Since most of the data collected were of the non-continuous 
interval type (i.e. yes or no, or points), non-parametric as welt as para- 
metric analyses were used. Methods used included: Student t test, the 
Wilcoxon Rank Sums test for comparison of unpaired data, Wilcoxon 
Signed Ranks test for comparison of paired data, Fisher's ]Exact test, 
X 2 test and Kruskal-Wallis test for comparison of multiple data. When- 
ever the distribution of a non-parametric variable was not a Gaussian 
distribution a transformation using square root was used and the Stu- 
dent t test was then applied. A p ~ 0.05 was taken to be significant. 

The  pa t ien t  p o p u l a t i o n ,  under ly ing  disease and  g loba l  
ou t c ome  are shown in Table 1. The  rat io o f  admiss ions  
for acute  o rgan  system de te r io ra t ion  to admiss ions  for  
procedures ,  the  age range (Hosp i t a l  A:  5.5_+4.0 years, 
range  0 . 0 4 - 1 8 ;  Hosp i t a l  B: 8.8_+5.3 years,  range  
0.5 - 19), the  length  o f  P I C U  stay for  survivors  and  non-  
survivors  and the overall  mor t a l i t y  ra te  (53% for  H o s p i t a l  
A and  48% for Hosp i t a l  B) were c o m p a r a b l e  (p >0 .05;  
S tuden t - t - t e s t  a n d  Wi lcoxon  R a n k  Sum).  Similar ly,  the  
severity o f  i l lness evaluated by admiss ion ,  m a x i m a l  and  
average PSI  scores and  the a m o u n t  o f  the rapy  assessed by 
admiss ion ,  m a x i m a l  and  average TISS  scores were no t  
different  between the  two hospi ta l s  (p >0 .05;  S tudent -  
t - tes t  and  Wi lcoxon  Rank  Sum), so the  results were com-  
b ined  (Table 2). 

The  survival  ra te  d id  no t  cor re la te  with sex, age nor  
du ra t i on  o f  stay in the  P I C U  (Wi lcoxon  Rank  Sum).  The  
mos t  c o m m o n  cause for P I C U  admis s ion  was acute  respi-  
r a to ry  failure - 27 pa t ien ts  (37%),  wi th  a m o r t a l i t y  rate 
o f  74070. Al l  o f  t h e m  required i n tuba t i on  and  ven t i l a to ry  
suppor t .  Acute  pa renchymal  lung disease occur red  in 
23 /27  including:  pneumon ia ,  adu l t  resp i ra tory  distress 
s y n d r o m e  - n o n  card iogenic  p u l m o n a r y  e d e m a  and  pul-  
m o n a r y  bleeding.  Four  pa t ien ts  h a d  acute  obs t ruc t ive  air- 
way disease: u p p e r  a i rway obs t ruc t ion ,  vocal  cord para ly-  
sis and  r ight  m a i n  b ronchus  obs t ruc t ion .  Ou t  o f  these  4 
pa t ien ts  3 died.  Card iovascu la r  fai lure was the  m a i n  
cause  o f  P I C U  a d m i s s i o n  in 17 cases (24%) wi th  a mor-  
ta l i ty  o f  47%. Eleven (15%) pa t ien ts  were admi t t ed  with  
the  p r e d o m i n a n t  p rob tem o f  cent ra l  nervous  system 
(CNS) de te r iora t ion ;  this g roup  had  the  h ighest  m o r t a l i t y  
rate - 90%. The  overall m o r t a l i t y  was 51%, bu t  o f  16 
(22%) pat ients  admi t t ed  for  med ica l  or  surgical  proce-  
dures inc luding  pos t -opera t ive  care, none  d ied  
(p <0.0001,  F i she r ' s  Exact  test). The  specif ic  causes o f  
P I C U  admiss ion  for  these pa t ien ts  were: m a j o r  surgery 
for  t u m o r  resect ion,  l imb a m p u t a t i o n ,  open  lung b iopsy  
and  exchange t ransfus ion .  Excluding  this subgroup,  the  
overall  mor t a l i t y  was 6607o (37/56).  

Mor t a l i t y  cor re la ted  with  the  n u m b e r  of  OSFs  per  pa-  
t ient :  0%,  43%, 64%, 81~ and  100% m o r t a l i t y  for  1, 2, 
3, 4, and  5 0 S F s ,  respectively (p <0.0001,  X2). However,  
mos t  pat ients  h a d  on ly  1 - 3 0 S F s  on  admiss ion ,  and  
those  who  d id  no t  survive deve loped  fur ther  OSFs  la ter  
in the  course o f  the i r  P I C U  stay. Some OSFs were associ-  
a ted with  a h igher  mortal i ty .  For  example,  pa t ien ts  wi th  
renal  fai lure (ol iguric  in al l  cases) had  94% m o r t a l i t y  
(15/16); none  o f  these presented  wi th  renal  fai lure on ad-  
miss ion,  bu t  developed it la ter  in a d d i t i o n  to 2 - 4  o ther  
OSFs.  Pat ients  wi th  CNS de te r io ra t ion  (coma,  encepha-  
lopathy,  seizures) due to t u m o r  invasion,  in t rac ran ia l  
b leeding  or  C N S  infec t ion  h a d  a mor t a l i t y  o f  83% 
(20/24).  In  45% o f  t hem (9/20),  C N S  de te r io ra t ion  was 
also the  m a i n  cause  o f  admiss ion .  This  h igh  m o r t a l i t y  
was not  related to  the  n u m b e r  o f  O S F  (X2, Table 3). 

For ty-s ix  pa t ien t s  (64~ had  a l eucopen ia  o f  less t han  
3 0 0 0 W B C / m m  3. In  18, whose  whi te  count  was never 
less t h a n  1 0 0 0 W B C / m m  3, the  m o r t a l i t y  was 61% 
(11/18),  while in 22 pa t ien ts  whose  white  cell count  per-  
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Table 2. Severity of illness (PSI) and amount of therapy (TISS) in both hospitals (Adm. = admission, Max. = maximal, Average = average per day, 
LOS = length of stay in days). Values as mean; range. There was no significant difference between the two hospitals 

Hospital PSI TISS LOS 

Adm. Max. Average Adm. Max. Average 

A(total) 11.3;4-31 13.8; 4-41 !1.2; 3-30 36.2; 5-69 45.7; 11-70 38.1; 7-69 7.9; 1-51 
Survived 6.4;4-14 8.1; 4-24 6 ; 3-15 29.1; 5-53 39.2; 11-70 28.8; 7-46 7.8; 1-51 
Died 15.7; 8-31 18.9; 12-41 15.7; 11-30 42.5; 20-69 51.4; 36-69 46.3; 28-69 7.9; 1-31 

B(total) 11.6; 1-31 13.9; 2-31 10.9; 2-31 38.8; 13-75 46.6; 15-75 38.5; 14-75 9.6; 1-46 
Survived 7.8; 1-16 9.3; 2-16 5.8; 2 - 9  34.2; 13-59 34.2; 15-73 31.2; 14-46 9.5; 2-46 
Died 14.8; 6-31 18.8; 7-31 16.5; 9-31 43.1; 24-75 50.9; 25-75 46.5; 25-75 9.7; 1-22 

A+B 11.4; 1-31 13.8; 2-41 11.5; 2-31 37.6; 5-75 46.0; 11-75 38.0; 7-75 8.5; 1-51 
Survived 6.9; 1-16 8.3; 2-24 5.9; 2-15 31.9; 5-59 40.5; 11-73 29.1; 7-46 8.4; 1-51 
Died 15.4; 6-31 18.9; 7-41 15.9; 9-31 43.0; 20-75 51.2; 25-75 46.4; 25-75 8.5; 1-31 

Table 3. Effect of central nervous system deterioration on mortality at 
different amounts of organ system failure 

No. of OSF Patients with CNS Died Mortality 
involvement (%) 

2 6 5 83 
3 3 2 67 
4 10 8 80 
5 5 5 100 

sistently remained under  1000 W B C / m m  3 (severe 
leucopenia),  the mortal i ty  was 91070 (20/22; p < 0.0001, 
Kruskal-Wallis test), regardless o f  the number  o f  OSF 
(Fisher 's exact test, p = 0.031). The 6 remaining patients 
had initial counts o f  less than  1000 W B C / m m  3 (severe 
leucopenia) which subsequently returned to normal ;  all 
o f  these patients survived. 

Twenty-nine patients had  sepsis with positive blood 
cultures. Of  these, 23 died (8007o) versus 14 deaths out  o f  
43 patients wi thout  sepsis (3307o). O f  the 23 septic pa- 
tients who did no t  survive, 16 had < 1000 W B C / m m  3, 5 
patients had 1 0 0 0 - 3 0 0 0 W B C / m m  3, and only 2 had 
normal  W B C  count.  Six patients with sepsis survived: 
one had < 1000 W B C / m m  3, 3 patients had 
1 0 0 0 -  3000 W B C / m m  3 and 2 had normal  W B C  count.  

P a t i e n t s  who died in the P I C U  received a higher 
amoun t  o f  therapy than those who survived (Table 2). 
Admiss ion  TISS scores as well as maximal  and average 
TISS scores were higher in non-survivors ( p < 0 . 0 1 ,  
Wilcoxon Rank Sum). Similarly, patients who died had 
significantly higher average PSIs  as well as higher maxi-  
mal and admission PSIs  (p < 0.01, Wilcoxon Rank Sum). 
Nevertheless, there was a significant overlap between the 
two groups, especially for the day of  admission.  Five pa- 
tients who survived (1507o) had an  admission PSI  score in 
the range o f  1 4 - 1 6  points  while 25 children who did no t  
survive had a PSI  score _< 17 for the day o f  admission. 

W h e n  the patients were grouped  according to PSI  on 
admission (Fig. I), and the observed ou tcome was com-  
pared to the predicted for each group according to the al- 

Table 4. Multivariate analysis of organ-system subscores on the PSI 

System Weighting SEM T value PSI score 
mean ___ SD 

Cardiovascular 0.496 0.I93 2.56 1.83 + 2.08 
Respiratory 0.454 0.239 1.90 2.97_+ 2.21 
Renal -0.117 1.031 -0.11 0.24+ 0.70 
Neurologic 0.888 0.258 3.44 1.24_+ 2.27 
Hematologic 0.330 0.177 1.87 3.71 _+ 2.67 
Gastrointestinal 1.060 0.926 2.22 0.48_+ 0.94 
Metabolic 0.059 0.289 -0.20 1.12+_ 1.24 

Age 0.002 0.001 0.26 78.37 + 55.65 

Constant - 4.740 1.29 - 3.66 

gor i thm o f  Pol lack et al. [14]. It was found that  there was 
a significantly higher observed mortal i ty for all PSI  
groups  except the 0 -  5 group (Fig. 1, categories A and C). 
The predicted mortal i ty  based on our  data  (Fig. 1, 
ca tagory  B) was obtained by applying the weighting de- 
rived f rom the multivariate analysis o f  our  data  (Table 4) 
to Pol lack 's  equation.  Hence categories B and C o f  Fig. 1 
are very close and  do no t  differ significantly. The multi- 
variate analysis o f  organ system subscores on the PSI and 
age showed that  weighting was different f rom that  previ- 
ously reported by Pollack et al. [14]. The neurologic sys- 
tem had the highest weighting followed by the cardiovas- 
cular, respiratory and hematologic  systems (Table 4). 

Discuss ion  

Children with underlying mal ignancy who require inten- 
sive care are a unique group with respect to the amoun t  
o f  therapy applied and survival rate. Much o f  our  present 
knowledge o f  cancer patients with multiple OSF comes 
f rom adult  I C U  populat ions  where there is a mortal i ty  o f  
24-90~ - a much  higher rate than  that  o f  concurrent ly  
admit ted  patients wi thout  cancer [12, 15 -17 ] .  This infor- 
mat ion,  however, is not  applicable to children because o f  
the difference in clinical spectrum o f  disease, patient 



14 Y. Sivan et al.: Outcome of  pediatric oncology in the PICU 

1.0" 

0.9" 

0.8" 

0.7. 

0.6" 

"- 0.8" 

~ 0.4- 

=E o.3- 

0.2. 

0.1- 

r - ] A  

mc 

I - 5  i 

/ /  
/ /  
/ /  

6-10 I 11-15 

P S I  G r o u p  

7/ 
/ /  

/ /  
/ /  

/ /  

/ /  
/ - /  

/ /  
/ /  

/ /  
/ /  

/ /  
/ /  

/ /  
/ / 

/ /  
/ /  

6-2! 

P~2 
/ /  

/ /  

/ /  

/ /  

. / /  
/ /  

/ /  
/ /  

/ /  
/ /  
/ /  

/ /  
/ /  
/ " /  

/ /  
/ /  

/ /  

/ /  

g.Z 
~,25 

Fig. 1. His togram of the predicted 
mortali ty probability according to 
Pollack et al. [14] (A) and o u r  data 
(B) and the observed mortality (C) 
for pediatric oncology patients ad- 
mitted to the intensive care unit. 
The data are presented as means _ 
S.E. and are grouped into 5 PSI in- 
tervals according to Pollack et al. 

characterization and the prognosis of  the underlying dis- 
order. One recently published paper [5] presents com- 
bined data from 3 PICUs (2 in Australia and 1 in Cana- 
da) concerning the short-term outcome of  children with 
hematologic malignancy only. This was, however, a retro- 
spective study based on chart reviews, and hence the de- 
gree of  physiologic abnormality and care were not quanti- 
fied. 

In the present study, we combined data from 2 
PICUs. This is justified based not  only on similarities in 
management, patient population and overall outcome, 
but also on similarities in objective measurements of  se- 
verity of  disease (PSI) and amount  of  therapy (TISS). 
One of  the advantages of  using these scoring systems is 
that they objectively evaluate the degree of  physiologic 
abnormality and the amount  of  therapy and can be used 
to calculate the probability of  death for the group regard- 
less of  the patients' diseases, diagnoses or previous treat- 
ments for underlying illnesses [8, 14]. They are especially 
useful in descriptive studies [14]. The TISS, which has 
been found applicable to children and to acutely ill can- 
cer patients, is associated with severity of  illness, outcome 
and cost, and also enables quantitative comparison of  pa- 
tient care [2, 7, 9, 12, 13, 18]. Nevertheless, because the 
TISS may measure aggressiveness of  therapy rather than 
the indications for it, we also used the PSI scoring system 
which is based on clinical condition and physiologic vari- 
ables. The PSI, which has been developed specifically for 
pediatric ICUs, has only recently been validated in 9 insti- 
tutions and showed accurate mortality prediction [14]. 

The mortality of  pediatric ontology patients in the 
present series was unexpectedly high - 51070 - com- 
pared to overall general mortality of  7.2% and 8.9070 in 
the two PICUs (Hospitals A and B, respectiveIy; mortali- 
ty = 5.7070 and 7.1 070 when cancer patients were excluded) 
which is within the reported range of  3 - 17.6070 in 9 other 
PICUs [14]. One may argue that the significantly higher 
mortality compared to the predicted rate may result from 
a low quality of medical care in both PICUs. Although 
we do not have a control group of  non-cancer patients in 
these PICUs, the fact that the overall mortality in both 
multidisciplinary PICUs is not different from the report- 
ed rate argues against this. Moreover, two thirds of  the 
patients in our series who were admitted for acute organ 
system deterioration died in the ICU. This rate is very 

similar to the findings in the retrospective study [5] in 
which the overall mortality was 48070, and as high as 60~ 
for children with hematologic malignancy who were ad- 
mitted for acute deterioration; 7070 of  the patients who 
were admitted for post-operative care in that series did 
not survive versus 100070 survival in the present report. 
Our results are also not very different from those in adult 
cancer patients where the mortality of  patients admitted 
for acute OSF was as high as 90070 [12, 15-17].  

Comparing the present series to other pediatric (non- 
cancer) intensive care groups [7, 13, 14, 18], the mortality 
in our series was higher. The mean PSI and TISS scores 
for survivors in those reports was higher which means 
that more patients with relatively low TISS and PSI 
scores in our study died. When the algorithm for predict- 
ing mortality based on admission PSI scores and age [14] 
was applied to the present series of  patients, a significant- 
ly large discrepancy between observed and predicted mor- 
tality was noted. Although for PSIs of  5 or less, the ob- 
served mortality was lower than predicted, patients with 
PSIs higher than 5 had a much higher observed mortality. 
Thus, the equation of  the probabiIity of  death when uti- 
lized for pediatric oncology patients in the PICU requires 
different and higher weights of  organ-system subscores 
than those previously suggested for the general PICU 
population. 

Compared to the retrospective study of  Butt and asso- 
ciates [5], our results show that involvement of  the brain 
by the underlying oncologic disease, with deterioration of  
consciousness or seizures, implies a very poor  prognosis. 
Butt et al. aiso found such a high mortality (>70070) 
when the encephalopathy was secondary to either sepsis 
or intracranial bleeding but noted a lower mortality rate 
when CNS deterioration was due to leukemic infiltration, 
chemotherapy or metabolic acidosis. The ominous nature 
of  the development of  acute renal failure has been docu- 
mented in this study, and also in other pediatric and adult 
ICU populations [18-20].  

In non-cancer patients, the number of  failed organ 
systems has been proposed as significantly associated 
with mortality in pediatric ICU. This was not, however, 
sufficiently discriminating to determine withdrawal of  
support; further, all OSF except hematologic failure sig- 
nificantly decreased the probability of  survival [6]. Our 
results show that in pediatric cancer patients, bone mar- 
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row failure and especially its severity, are major factors 
affecting mortality. This again highlights the unique na- 
ture of the pediatric cancer group. It should be noted that 
the PSI scoring system does not separate between leuco- 
penia (less than 3000 cells/mm 3) and severe leucopenia 
(less than 1000 cells/mm 3, or severe neutropenia i.e. less 
than 500 neutrophils/mm3). Nevertheless, in our series 
this does seem to affect outcome. 

Comparable to the results of Butt et al. [5], the mor- 
tality of patients with sepsis was higher than of patients 
without positive blood cultures (80% versus 33%). This 
implies that the prognosis of oncology children with sep- 
sis admitted to the PICU is poor. However, these patients 
already had organ system failure and the fact that 20% 
of them still survived the combination of sepsis, severe 
leucopenia and organ system failure may be encouraging. 

We conclude that the mortality of pediatric oncology 
patients requiring intensive care is unexpectedly high 
when assessed against the rate predicted by existing objec- 
tive methods. These general scoring methods cannot be 
applied to this population without considering the nature 
and severity of the underlying disease and the magnitude 
of  bone marrow failure. Because bone marrow failure is 
such a severe complication, it might be appropriate to ad- 
mit some of pediatric cancer patients with this complica- 
tion earlier to the PICU before other organs have failed. 
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