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Abstract: The hospital files of 410 patients with hematological malignancy 
treated at our clinic between 1977 and 1990 were reviewed to determine the 
importance of infections as a cause of death. The total number of 
infections was 203 (49.5 %). A microbiologically documented infection was 
detected in 27.3%, a clinically documented infection in 9.5% and a 
possible infection in 12.7 % of the patients. Gram-positive bacteria were 
responsible for 25.9%, gram-negative bacteria for 3 1.3%, anaerobic bacteria 
for 2.7%, viruses for 4.5% and fungi for 25.9% of the microbiologically 
documented infections. Of 29 systemic fungal infections only 2 were 
diagnosed before the patients died. The remaining diagnoses rested on 
autopsy findings. Empiric antifungal therapy was introduced in 1983; still, 
74.2% of systemic fungal infections in 1977-1990 were detected after 1982. 
Patients with a verified infection had statistically significantly higher CRP 
concentrations than patients who died of other causes (152 mg/l vs. 
117.5 mg/l, p = 0.018). We conclude that infection is a significant cause of 
death in patients with these diseases. The number of systemic fungal 
infections is increasing, despite the widespread use of antifungal medication 
and thus better diagnostic methods and more effective treatment are 

1 needed. 

Introduction 

Modern chemotherapy of hematological malignan- 
cies is highly immunosuppressive and predisposes 
the patient to infections (1,2). Especially neutrope- 
nia caused by myelosuppressive therapy, or by the 
malignancy itself, is a strong risk factor of infections 
(3, 4, 5 ,  6), both bacterial and fungal (7, 8, 9). The 
mortality in systemic fungal infections is high (lo),  
and empiric therapy has generally been recom- 
mended to improve the prognosis of these patients 

We have analyzed 4 10 patients with hematologi- 
cal malignancy to examine the significance of infec- 
tions as the cause of death. Empiric antifungal 
therapy has been employed at our clinic since 1983 
and the proportions of invasive fungal infections be- 
fore and after that year were compared. 

The value of the serum concentration of C-reactive 
protein was also analyzed to differentiate patients 
with a diagnosis of certain infections from those with 
possible infection or other causes of death. 

(9, 11, 12). 
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The medical records of 410 patients with a hemato- 
logical malignancy treated at our clinic from Janu- 
ary 1977 to December 1990 were retrospectively 
studied. There were 179 (43.7%) females and 231 
(56.3%) males. The mean age was 65.9 yr. 129 pa- 
tients had acute myelogenous leukemia (AML), 26 
acute lymphoblastic leukemia (ALL), 47 chronic 
myelogenous leukemia (CML), 63 chronic lympho- 
cytic leukemia (CLL), 110 multiple myeloma, 13 my- 
elodysplastic syndrome (MDS), 17 lymphoma, 2 
polycythemia Vera, 2 hairy-cell leukemia and 1 pa- 
tient Waldenstrom’s macro-globulinemia. 

The immediate cause of death in each case was 
recorded. 283 patients had been autopsied. Patients 
who died of infection were subdivided into three 
groups (5 ) :  microbiologically documented infections 
(clinical signs and symptoms of infection, and iso- 
lation of the microbe either from blood or the site of 
infection within the 3 last d before death); clinically 
documented infections (signs and symptoms of in- 
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fection and an identifiable site of infection, but caus- 
ative organism not isolated); and possible infections 
(signs and symptoms of infection but no identifiable 
site and organism not isolated despite a clinical 
course compatible with infection). The second group 
consisted mainly of patients having clinical and ra- 
diological signs of pneumonia and histological find- 
ings confirming the diagnosis in the autopsy. The 
blood cultures were taken twice at each febrile pe- 
riod. No oral antibacterial or antifungal prophylaxis 
was given routinely. 

The serum concentrations of C-reactive protein 
(CRP) were compared in each patient group to es- 
timate its diagnostic usefulness. CRP was quantified 
with an immunoturbidimetric method using Hita- 
chi 704 or Hitachi 717 automatic analyzer (Hitachi, 
Tokyo, Japan) and a commercial calibrator and an- 
tiserum (Orion Diagnostica, Helsinki, Finland). The 
last CRP-value within the last 3 d before the patient’s 
death was registered when available. For the statis- 
tical analysis the Kruskal-Wallis test (13) was used 
to compare the similarity between three patient 
groups, and when compared in pairs, Mann- 
Whitney’s U-test (13) was used. The SAS statistical 
software was used for these computations (14). 

Results 

There were 112 (27.3%) microbiologically and 39 
(9.5 %) clinically documented infections (Table 1). 
The number of possible infections was 52 (12.7%). 
The highest percentage of infections was found in 
ALL(73.1%), in CLL(57.1 %)andinAML(51,9%), 
while the respective percentages in CML were 40.4 % , 
in multiple myeloma 41.8% and in other hemato- 

Table 1. Causes of death in 410 patients with hematological malignancy 

logical disorders 45.7 % . Other important causes of 
death were hemorrhage (48 patients [ 11.7%]) and 
relapse (83 patients [ 20.2 % I). Myocardial or cere- 
bral infarction, pulmonary edema, pulmonary em- 
bolism and forms other than the presenting form of 
cancer also occurred in most patient groups. Uremia 
was one of the most common causes of death 
(10.9%) in myeloma patients. 

Bacterial infections 

There were 35 gram-negative bacterial infections 
(Table 2) (3 1.3 % of microbiologically documented 
infections); the corresponding number of gram- 
positive bacterial infections was 29 (25.9%). 5 pa- 
tients (4.5%) died of tuberculosis. Anaerobic bac- 
teria caused 3 (2.7%) of the microbiologically 
documented infections. Of the 12 polymicrobial in- 
fections, 6 were bacterial. The frequencies of gram- 
positive and gram-negative bacteria were 26.7 % and 
31.1% in AML, 9.1% and 36.4% in ALL, 14.3% 
and 14.3% in CML, 23.8% and 38.1% in CLL, 
40.9% and 27.3% in myeloma, and 16.7% and 
33.3 % in other hematological malignant disorders. 
Ofthe gram-positive infections, 16.1 % (lSjl12) were 
staphylococcal and 8.0% (9/112) streptococcal. A 
strikingly high incidence of pneumococcal infections 
was found in the group of CLL (14.3 %). Pseudomo- 
nas infections were the cause of death in 10.7% 
(12/112), Klebsiella species in 3.6% (4/112) and 
E. coli in 13.4% (15/112) of the patients with mi- 
crobiologically documented infections. Most of the 
bacterial infections were diagnosed premortem by 
blood cultures. Autopsy was performed in 50 of a 
total of 78 patients. 

Cause of death 

Other hematol. 
AML ALL CML CLL Myeloma disorders Total 

n. (%) n. ( % I  n. I%) n. ( % I  n. ( % I  n. (%I n. (%) 

Hemorrhage 
Myocardial infarction 
Cerebral infarction 
Pulmonary edema 
Pulmonary embolism 
Uremia 
Relapsed hematological malignancy 
Other cancer 

Microbiologically documented infections 
Clinically documented infections 
Possible infections 

16 (12.4) 
5 (3.9) 
2 (1.5) 
413.1) 
3 (2.3) 

31 (24.0) 

45 (34.9) 
13 (10.1) 
9 (7.0) 

- 

- 

3 (1 1.5) 

113.8) 
- 

- 

- 

- 

3(11 .5)  

1 1  (42.3) 
3111.5) 
5 (19.2) 

- 

13 (27.7) 
l ( 2 . 1 )  

l ( 2 . 1 )  

1 1  (23.4) 

7 (14.9) 
3 (6.4) 
9 (19.1) 

- 

- 

- 

- 

2 (3.2) 
4 (6.3) 
l ( 1 . 6 )  
3 (4.8) 
4 (6.3) 

1 1  (17.5) 
111.6) 

21 (33.3) 
7 (11.1) 
8 (12.7) 

- 

lO(9.1) 
4 (3.6) 
3 (2.7) 
7 (6.4) 
3 (2.7) 

12 (10.9) 
ZO(18.2) 

3 (2.7) 

22 (20.0) 
9 (8.2) 

15 (13.6) 

4j11.4) 
112.9) 

6j17.1) 
- 

112.9) 

7 (20.01 

6(17.1) 
4 (1 1.4) 
6(17.1) 

- 

- 

48 (11.7) 
15 (3.7) 
7 (1.7) 

20 (4.9) 
12 (2.9) 
12 12.9) 
83  (20.2) 

4 (1.0) 

112 (27.3) 
39 (9.51 
52 (12.7) 

All infections 

Other causes 

67 (51.9) 

110.8) 

19 (73.1) 
- 

19 (40.4) 

2 (4.3) 

36(57,1) 

l ( 1 . 6 )  

46 (41.8) 

2 (1.8) 

16 (45.7) 
- 

203 (49.5) 

6 (1.5) 

Total number 129 26 47 63 110 35 410 
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Table 2. Microbiological diagnoses in patients who died because of infection 

Microbiological etiology 

I Gram' bacteria: 
Staphylococci 

S. aureus 
Other staphylococci 

Streptococci 
Pneumococcus 
Enterococcus 
Other streptococci 

Other gram' bacteria 

- 

AML 
n. 1%) 

3 (6.7) 
5 j l l . l )  

1 (2.2) 
1 (2.2) 
l ( 2 . 2 )  
l (2 .2)  

ALL CML CLL 
n. 1%) n. ( % I  n. 1%) 

Other hematol. 
Myeloma disorders Total 

n. ( % I  n. ( % I  n .  1%) 

2 (9.1) 
3 (13.6) 

2 (9.1) 
1 (4.5) 

l (4 .5)  
- 

9 (8.0) 
9 18.0) 

6 (5.4) 
2(1 .8)  
110.9) 
2 (1.8) 

II Gram- bacteria 
E. coli 
Klebsiella sp. 
Pseudomonas sp. 
Enterobacter cloacae 
Haemophilus influenzae 
Legionellae sp. 

12 (26.7) 

5(11 .1)  
3 (6.7) 
4 (8.9) 
- 
- 

2 (4.4) 

l ( 9 . 1 )  

l ( 9 . 1 )  

3 (27.3) 
- 

- 
- 

- 

5 (23.8) 

2 (9.5) 
l (4 .8)  
3 (14.3) 
l ( 4 . 8 )  
l ( 4 . 8 )  
- 

9 (40.91 

4 (18.2) 

2 (9.1) 
- 

- 

- 

- 

29 (25.9) 

15(13.4) 
4 (3.6) 

12 (10.7) 
1 (0.91 
1 (0.91 
2 (1.8) 

111 Anaerobic bacteria 

IV Tuberculosis 

V Viruses 

VI Fungi: 
Aspergillus sp. 
Candida sp. 
Mucor SD. 

VII Polymicrobial etiology 

14 I3 1 , I )  
1 (2.2) 

1 (2.2) 

l ( 2 . 2 )  

6 (13.3) 
4 (8.9) 
1 (2.2) 

1 1  (24.4) 
5(11 .1)  

4 (36.4) 
- 

- 

119.1) 

2 (18.2) 
l (9 .1)  
- 

3 (27.3) 
2 ( 1  8.2) 

Total number 45 1 1  

l ( 1 4 . 3 )  
- 

- 

l (14 .3)  

l(14.3) 

l (14 .3)  

2 (28.6) 
2 128.6) 

7 

- 

- 

8 (38.1) 
1 (4.8) 

3 (14.3) 

l ( 4 . 8 )  

2 (9.5) 
l (4 .8)  
- 

3 (14.3) 
- 

6 127.3) 
l ( 4 . 5 )  

1 14.5) 
114.5) 

2 (9.1) 
- 
- 

2(9 .1)  
2(9 .1)  

21 22 

Viral infections 

Only 5 viral infections were documented (4.5% of 
microbiological diagnoses). Herpes simplex was the 
cause of death in 1 patient with ALL and 1 with 
CLL. The remaining viral infections were caused by 
cytomegalovirus. Only 1 Herpes simplex infection 
was detected premortem. All the 5 patients were 
autopsied. 

Fungal infections 

There were 3 1 patients who died of a systemic fungal 
infection (Table 3); 6 were polymicrobial. In 2 pa- 
tients the exact microbiological diagnosis remained 
unclear and was based on microscopy of autopsy 
specimens without isolation of the fungus. Thus there 
were 29 (25.9 %) microbiologically documented fun- 
gal infections. Usually the diagnosis of fungal infec- 
tion was morphological. Only in a few instances was 
the exact subspecies identified by culture. Aspergil- 
lus infection alone was responsible for the death of 

2 (33.3) 
- 

- 

- 

2 133.3) 
- 

- 

2 (33.3) 
l (16 .7)  

35 (31.3) 
3 (2.7) 

5 14.5) 

5 (4.5) 

15 (13.4) 
6 (5.4) 
2 11.8) 

23 (20.5) 
12 (10.7) 

6 112 

15 patients (6 AML, 2 ALL, 2 CLL, 1 CML, 2 mul- 
tiple myelomas and 2 lymphomas). 6 systemic can- 
dida infections were detected (4 AML, 1 ALL and 
1 CLL) and 2 patients (1 AML and 1 CML) had 
mucormycosis. Of the 6 polymicrobial infections, 4 
were mixed infections with aspergillus and candida, 
1 with Saccharomyces and aspergillus, and 1 with 
cytomegalovirus and candida. 

Only 4 patients had a normal neutrophil count at 
the time of death; 27 had profound neutropenia, 
lasting 1 to 30 wk (mean 7.7 wk). The CRP-values 
taken within the last 3 d before death varied between 
24 and 282. The lungs were most often affected by 
the fungus (24 patients). 11 patients had multiple 
organ infections. Only in 2 cases was the systemic 
fungal infection diagnosed before death (positive 
culture of liver biopsy in patient number 22 and posi- 
tive blood cultures in patient number 23) .  18 of the 
patients with systemic fungal infection had received 
Amphotericin B before death (0.6- 1.0 mg/kg daily 
or 1.2 mg/kg every other day). 

An increase in the percentage of infection- 

104 



Lethal infections in hematological malignancies 

Table 3. 31 patients with a hematological malignancy who died of systemic fungal infection 

Granulocyte Empiric 
Underlying count Duration of CRP Organs affected antifungal 

Patient Age/sex Diagnosis disease (/mm3) neutropenia (rngil) (autopsy findings) therapy 

1. 
2. 
3. 
4. 
5. 
6. 
7. 
8. 
9. 

10. 
11. 
12. 
13. 
14. 
15. 
16. 
17. 
18. 
19. 
20. 
21. 
22. 
23. 
24. 

25. 

26. 

27. 

28. 

29. 

30. 
31. 
- 

39/M 
63/F 
55/M 
44/F 
26/M 
50/M 
62/M 
51/M 
44/M 
73/M 
59/M 
49/F 
55/F 
58/M 
17/M 
67/F 
58/F 
27/F 
65/F 
52/F 
65/M 
23/F 
69/M 
60/M 

43/M 

26/F 

56/F 

68/F 

56/M 

23/M 
24/M 

Aspergillus sp. 
Aspergillus sp. 
Aspergillus sp. 
Aspergillus sp. 
Aspergillus sp, 
Aspergillus sp. 
Aspergillus sp. 
Aspergillus sp. 
Aspergillus sp. 
Aspergillus sp. 
Aspergillus sp. 
Aspergillus sp. 
Aspergillus sp. 
Aspergillus sp. 
Aspergillus sp. 
Mucor sp. 
Mucor sp. 
Candida sp. 
Candida sp. 
Candida sp. 
Candida sp. 
Candida sp. 
Candida sp. 
Candida sp. 
Aspergillus sp. 
Aspergillus sp. 
Saccaromyces sp, 
Aspergillus sp. 
Candida sp. 
Aspergillus sp. 
Candida sp. 
Aspergillus sp. 
Candida sp. 
Candida sp. 
CMV 
Mycosis NUD 
Mycosis NUD 

AML 
AML 
AML 
AML 
AML 
AML 
ALL 
ALL 
CML 
CLL 
CLL 
My e I o m a 
Myeloma 
Lymphoma 
Lymphoma 
AML 
CML 
AML 
AML 
AML 
AML 
ALL 
CLL 
AML 

AML 

ALL 

ALL 

Waldenstrom's 

CML 

AML 
ALL 

macroglobulinemia 

associated deaths was recorded after 1982 (Table 4). 
Before 1983 the annual percentage of deaths caused 
by infections was clearly less than 50%; as of 1983 
the proportion varied from 5 1.5 % to 63.0 % . Also, 
74.2% of all systemic fungal infections occurred after 
1982. 

CRP test 

The CRP-values (Fig. 1) were available in 70 pa- 
tients with a microbiologically or clinically docu- 
mented infection (group A), 35 with a possible in- 
fection (group B)  and 62 with other cause of death 
(group C). The CRP-range varied from 15 to 342 mg/l 
in group A (median 152 mg/l), from 33 to 284 mg/l 
in group B (median 150 mg/l) and from 0 to 303 mg/l 
in group C (median 117.5 mg/l). Statistical analysis 
showed that the separate groups differed significantly 
from each other (p=O.O39). When compared in 

< 100 
< 500 
< 100 
< 500 
< 500 
< 100 
< 100 
< 100 
< 100 
< 100 
< 100 
< 100 

> 1000 
< 1000 
< 100 
< 100 
< 500 
< 100 
< 500 
< 500 
< 500 

> 1000 
< 500 
< 500 

< 100 

< 500 

< 100 

> 1000 

< 500 

< 100 
> 1000 
~ 

6 weeks 
2 weeks 

13 weeks 
4 weeks 
3 weeks 

22 weeks 
2 weeks 
9 weeks 
6 weeks 
4 weeks 

18 weeks 
1 week 

4 weeks 
6 weeks 
6 weeks 
6 weeks 
6 weeks 

20 weeks 
2 weeks 
9 weeks 

3 weeks 
3 weeks 

30  weeks 

4 weeks 

5 weeks 

- 

- 

- 

4 weeks 

10 weeks 
- 

250 
200 
150 
180 
153 

282 
218 
190 
238 

228 
250 
118 
250 

120 
85 

150 
60  

- 

- 

- 

- 

- 

180 
- 

64  

45 

250 

80 

100 

- 
24 

Lungs, heart 
Lungs 
Lungs 
Lungs, liver, spleen 

Lungs 
Lungs 
Brain, liver, spleen 
Lungs, heart, kidneys 
Brain, lungs, spleen 
Lungs, brain 
Lungs 
Kidneys 
Lungs 
Lungs 
Lungs 
Lungs 
Kidneys 
Brain, liver 
Lungs, heart, kidneys 
Lungs 
Liver 
Lungs, kidneys 
Lungs, liver, spleen, 
kidneys 
Lungs 

Lungs, heart, kidneys 

Lungs 

Lungs 

Lungs 

Lungs 

Kidneys 
Liver 

pairs, a significant difference in the CRP-values was 
detected between groups A and C (p = 0.018). 

Discussion 

The importance of infection as a major complicating 
factor and the leading cause of death in patients with 
hematological malignancies is well known (1, 15, 
16). Our data from 1977 to 1990 support these find- 
ings. Microbiologically and clinically documented 
infections composed 36.8% (151/410) of all causes 
of death in our patients with hematological malig- 
nancies. The proportion was 49.5 % when possible 
infections were included. The rate of infection-related 
deaths increased slightly in the latter half of the de- 
cade. The current aggressive antineoplastic chemo- 
therapy results in prolonged depression of the host 
defence mechanisms, making patients susceptible to 
infections (1,2). In spite of the improved control of 
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Table 4. Total number of deaths, percentage of infections and number of systemic fungal 
infections during years 1977-1990 

Deaths Infections Systemic fungal infections 
Year n. n. ( % I '  n. ( % I 2  

1977 
1978 
1979 
1980 
1981 
1982 
1983 
1984 
1985 
1986 
1987 
1988 
1989 
1990 

27 
20 
25 
30 
19 
28 
27 
26 
38 
32 
31 
44 
30 
33 

9 (33.3) 
6 (30.0) 

12 (48.0) 
12 (40.0) 
8 (42.1) 

10 (35.7) 
17 (63.0) 
15 157.7) 
22 (57.9) 
17  (53.1) 
17 (54.8) 
25 (56.8) 
16 (53.3) 
17  (51.5) 

0 
1116.7) 
0 
4 (33.3) 
1112.5) 
2 (20.01 
2111.8) 
2 (13.3) 
5 (22.7) 
3117.6) 
5 (29.4) 
5 (20.0) 
0 
l (5 .9)  

Total number 410 203 31 

' Percentage of all deaths. 
Percentage of infections. 

other major complications, hemorrhage was still an 
important cause of death (1 1.7 % of all deaths) and 
comparable to earlier studies (15). 

In previous reports, the proportion of lethal infec- 
tions among all causes of death in patients with 
acute leukemia has varied from 46 % to 54 % (1 5 ,  16), 
the main predisposing factor being the prolonged 
neutropenia following antineoplastic therapy (1,4,5, 
15, 16, 17). Also in our study the highest proportion 
of infections was found in patients with acute leu- 
kemia (73.1% in ALL and 51.9% in AML). How- 
ever, in the chronic leukemias, lymphomas and in 
multiple myeloma, infection was almost as common 
as a cause of death. The increased susceptibility to 
infections in patients with CLL has been attributed 
to coexistent hypogammaglobulinemia (1 8, 19). 

Recently, several authors have reported increas- 
ing proportions of gram-positive bacteremias in pa- 
tients with acute leukemia (3, 5 ,  20, 21, 22). An ex- 
planation for this could be the widespread use of 
empiric antibacterial therapy mainly directed against 
gram-negative bacteria (22), as well as the increased 
use of indwelling intravenous catheters, which favor 
infections caused by coagulase-negative staphylo- 
cocci (23). Two recent articles have shown that the 
viridans group streptococci are an important cause 
of bacteremia in neutropenic cancer patients with 
severe postchemotherapy mucositis (24) and in neu- 
tropenic bone marrow transplant patients (25). The 
percentage of gram-positive bacteremias has varied 
from 26% to 49% in recent studies on the distribu- 
tion of different bacteria in blood cultures from he- 
matological patients (15, 16, 21, 26, 27). In our pa- 
tients the proportion of gram-positive bacteria was 
25.9% and gram-negative bacteria 3 1.3 % of micro- 
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Fig. 1. CRP-values in the separate patient groups by cause of 
death. Group A: Microbiologically or clinically documented in- 
fections. Group B: Possible infections. Group C: Other causes of 
death. Horizontal bars indicate median in each group. * = Statis- 
tically significant difference. 

biological diagnoses. The lower percentage of gram- 
positive bacteria in the present study could be re- 
lated to the relatively low mortality of gram-positive 
bacteremias, as reported by Klastersky et al. (5 ) .  Our 
finding that polymicrobial infections were respon- 
sible for 12 (10.7%) deaths, corresponds with ear- 
lier studies (22, 26). 

Because several authors have recently reported an 
increasing number of systemic fungal infections in 
patients with prolonged neutropenia (6, 8,9,28,29), 
we evaluated the importance of these infections in 
our study population. Since 1983 empiric amphot- 
ericin B therapy, which is generally considered to 
improve the prognosis of patients with hematologi- 
cal malignancies (9, 11, 12,30), has been used at our 
clinic. Empiric therapy is initiated when a neutro- 
penic patient has persistent fever for 3 to 5 d despite 
treatment with broad-spectrum antibiotics. Although 
the empiric antifungal therapy has decreased the 
number of verified invasive fungal infections and 
deaths from fungal infections in neutropenic patients, 
it has not improved overall survival (3 1). Horn et al. 
(29) and Meunier-Carpentier et al. (10) have re- 
ported a high mortality in immunocompromised pa- 
tients with fungemia who were on amphotericin B 
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therapy. More than half of our patients who died 
because of a demostrable systemic fungal infection, 
had received empiric antifungal therapy, the cumu- 
lative dose of amphotericin B varying from 150 mg 
to 5000 mg. Also, clearly more than half (74.2%) of 
all fungal infections occurred after the introduction 
of routine empiric antifungal therapy at our clinic. 
This rise in the incidence of systemic fungal infec- 
tions could be explained by the increased occurrence 
and duration of severe neutropenias following ag- 
gressive chemotherapy. 

The proportion of systemic fungal infections 
among all causes of death was surprisingly high 
(25.9% of microbiologically documented infections). 
In the case of aspergillosis, the propensity of the 
organism to invade blood vessels and to cause 
thrombosis and infarctions (28) produces dramatic 
initial manifestations of infection. Because only 283 
of the 410 patients were autopsied, it is probable that 
the actual rate of systemic fungal infections was 
higher, and in some cases where hemorrhage was 
considered to be the cause of death the underlying 
disease could, in fact, have been invasive aspergillo- 
sis. 

In 27 of the 31 patients with systemic fungal in- 
fection the prolonged neutropenia was an important 
risk factor. A surprising observation was that sys- 
temic fungal infection could be verified before death 
in only 2 patients. Most of the bacterial infections 
were diagnosed premortem. The diagnosis of sys- 
temic fungal infection in neutropenic patients is no- 
toriously difficult (9, 32). The fungus is very seldom 
isolated by blood cultures even in patients with dis- 
seminated mycosis (28), and there are no clinically 
sufficiently sensitive serological tests for routine use 
(33). During the course of profound neutropenia, the 
possible fungal foci in the liver and spleen are poorly 
identified by radiological imaging procedures (34) 
and even cultures from organ biopsies are often 
negative (35, 36, 37), especially if the patient has 
received antifungal agents. The thrombocytopenia 
following chemotherapy increases the risk of hem- 
orrhage from invasive procedures. 

The CRP has been proposed as a diagnostic aid 
in immunocompromised patients suspected of se- 
vere bacterial infections (38, 39, 40, 41). Schofield 
et al. (38) reported a rise of the CRP-values above 
100 mg/l in 29 probable or confirmed bacterial in- 
fections in neutropenic patients. Ligtenberg et al. 
(39) found no significant difference in the CRP- 
values between granulocytopenic and non- 
granulocytopenic patients with bacteremia, but they 
showed a significant difference between bacteremic 
and non-bacteremic patients. Riikonen et al. (42) 
have demonstrated that the value of CRP as an early 
indicator of sepsis in febrile neutropenic patients is 
invalidated by the prompt empirical antimicrobial 

therapy, which is the current practice today. Because 
the increased synthesis of CRP can be a non-specific 
response to tissue injury, it also arises in non- 
infectious conditions like myocardial infarction (43). 
On the other hand, in previous studies chemo- 
therapy, radiotherapy, transfusion reactions or ac- 
tive leukemia have not raised the CRP-level as much 
as severe infections (38,40). In our study, the CRP- 
values varied from 0 to 303 mg/l in patients without 
documented infection. However, patients who died 
of a verified infection had significantly higher CRP- 
levels than patients who died of other causes 
(p = 0.018). This suggests that CRP is useful in di- 
agnosing infections in hematological patients. 

In conclusion, our results show that infections are 
a main cause of death not only in patients with acute 
leukemias, but also in other hematological malignan- 
cies. The proportion of infections in our study 
showed a slight increase from 1977 to 1990, prob- 
ably because more aggressive antineoplastic chemo- 
therapy was introduced during these years. Systemic 
fungal infections are a common cause of death in 
patients with prolonged neutropenia and the diag- 
nosis of these infections is difficult. Most of the sys- 
temic fungal infections were diagnosed postmortem 
and the majority of these patients had been pre- 
treated with amphotericin B, suggesting that the in- 
tensity of empiric antifungal therapy is still insuffi- 
cient and that better treatments are needed. 
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