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Morphologic Cerebral Changes in Patients Undergoing 
Dialysis for Renal Failure 
K. Kretzschmar,' W. Nix,2 H. Zschiedrich,3 and T. Phili pp3 

Cranial computed tomographic examinations were performed 
on 22 patients before and after hemodialysis, and on 11 of those 
patients 8 months later. In 11 cases widening of the cerebrospi
nal fluid spaces due to brain atrophy was recognizable. Density 
measurements disclosed decreased absorption of cerebral pa
renchyma after dialysis in 73% of the cases. This finding is partly 
explained by cerebral edema or hydration, although the neces
sary contemporaneous narrowing of cerebrospinal fluid spaces 
existed in only six patients (27%). Long-term follow-up studies 
have not displayed any realizable changes in results. Finally, 
despite striking computed tomographic findings and alterations 
after dialysis, only mild neurologic symptoms or disequilibrium 
syndromes have been registered. 

A comhination of severe neurological deficits and mild disorders 
may be observed in patients with acute or chronic renal failure 
subsequently treated by dialysis . These symptoms are character
ized as disequilibrium syndrome [1]. In 90% of cases, the discom
forts (usually headache, weariness, nausea, and vomiting) a patient 
may experience can be considered mild ; however, some patients 
have side effects that can be considered moderately severe, such 
as tremor, disorientation, and somnolence . In rare cases, serious 
disorders occur, such as psychosis , muscle cramps, and coma 
[2]. Psychodiagnostic procedures and electroencephalographic 
changes can also disclose functional or capacity cerebral changes 
in dialyzed patients [3]. 

In comparative computed tomographic (CT) studies of patients 
with end-stage chronic renal failure or under c hronic hemodialysis, 
ventricular enlargement can usually be found, appropriate to a brain 
atrophy [4]. Dettori et al. (5) confirm a diminution of the density of 
parenchyma without showing any changes of cerebrospinal fluid 
(CSF) spaces on CT. 

The purpose of our study was to elucidate, by means of CT, 
pathomorpholog ic alterations of the cerebral parenchyma and the 
CSF spaoes due to neu rologic syndromes possibly occurring during 
and after dialysis. 

Subjects and Methods 

The study dealt with 22 patients (10 men, 12 women) aged 21-

73 years (average, 49 years) with end-stage renal fai lure. Three 
times a week, all patients underwent 4-5 hr of hemodialysis. The 
duration of these treatments ranged from 6 months to 10 years. 
Only in rare cases was there slight discomfort after hemodialysis, 
such as headache, nausea, vomiting, and muscle cramps. 

Predialytic chest films were obtained to determine the patient's 
state of hydration; however , they were not obtained in all cases at 
the same time as the CT examination. Cran ial CT (using a CT 1010 

EMI scanner, 10 mm slices) was performed just before and imme
diately after hemod ialysis. In 11 patients, th e initial findings were 
checked by CT 6-9 months later (average, 8 months) . 

All investigations were analyzed as to density of parenchyma and 
width of CSF spaces. The determination of the absorpt ion values of 
cerebral parenchyma was based on the densitometry of a rectan
gular reg ion of interest (ROI) in the white and gray matter of both 
the frontal and parietal lobes. Both sides were measured twice ; the 
mean values were registered. Additional densitometri c measure
ments of the basal ganglia using c ircular reg ions of interest were 
also obtained. In order to determine the CSF spaces we analyzed 
the width of the third ventric le, the sylvian fissure, and the fronto
basal interhemispheric fi ssure according to the work of Meese and 
Grumme [6]. These spaces are considered to be normal up to a 
width of 5 mm . The ce lla med ia index according to Schiersmann 
relates the width of lateral ventric les in the ce lla med ia reg ion to the 
biparietal diameter of the inner table of the skull. This index is 
abnormal if it is less th an 4. The statement of a pathologic widening 
of CSF spaces was made if the normal range was exceeded by at 
least three criteria. All of these data are reported in table 1. 

Results 

A decrease in body weight due to water ultrafiltrat ion of 1.2-5 .2 

kg (average 3 .0 kg) was observed in ou r patients. There were 1 6 

patients (73% ) examined by CT after hemodialysis who displayed 
a decrease in density of cerebral parenchyma. These changes were 
evident in the frontal and parietal regions as well as in the basal 
gang lia. The white matter exhibited a decrease in radioabsorpt ion 
by 2 Hounsfield units (H) ; the cortex of both the fron tal and parietal 
lobes decreased by 3 H on average. The decrease in density of 
parenchyma appeared in every decade of age without re lation to 
the duration of hemod ialytic treatment or body weight of the pa
tients. The other six cases revealed no changes of the absorption 
values. Follow-up studies 8 months after the initial examinations 

disc losed no further alterat ions in brain density . 
In 11 cases (50% ). widening of the ventricu lar system and 

subarachnoid spaces was evident before dialysis treatment. After 
dialysis , seven patients demonstrated an unchanged dilatation of 
the CSF spaces. In four patients a narrowing of both the ventricular 
system and the sulc i could be observed (fig. 1). Chest films in four 
of these 11 patients showed that the relat ion between heart and 
thoracotransverse diameter exceeded the value 0.5 . Furthermore, 
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TABLE 1: Measurements o f Bra in Densit y and Width o f CSF Spaces before and after Hemodialysis , wit h Changes o f Body Weight 

Case No. 
(Age, Gender) 

Body 
Weight 

(kg) 

Frontal M aller (H) Parietal Maller (H) Basal 
Ganglia 

(H) 

Measurements (mm) 
Remarks 

White Gray White Gray (1)' (2)' (3)' .(4)' 

1 (21, M) 

2 (24, F) 

3 (25, F) 

4 (29 , M) 

5 (38 , M) 

6 (39, M) 

7 (39, F) 

8 (43 , F) 

9 (46, F) 

10 (49, M) 

11 (49, F) 

12 (51, M) 

13 (51, M) 

14 (52, F) 

15 (57, M) 

16 (60, F) 

17 (62 , F) 

18 (68 , F) 

19 (68 , F) 

20 (69, F) 

21 (71 , M) 

22 (73, M) 

65.4 
63 .0 
48 .8 
46.2 
40.0 
35.6 
57.0 
55.8 
60.2 
58.6 
78.5 
74.0 
63.9 
62.5 
72 .0 

69.5 
70.5 
67.3 
62 .9 
60.0 
72.3 
67 .1 
64 .5 
6 1.3 
78.5 
75.0 
65.6 
63.7 
75.5 
70.3 
48.4 
47 .1 
54.6 
51.3 
53.5 
5 1 .0 
47.0 
45.4 
75.0 

72.0 
75.0 
70.3 
56.7 
52.9 

32 ± 5 
30 ± 5 
33 ± 4 
3 1 ± 4 
32 ± 5 
33 ± 4 
32 ± 3 
30 ± 4 
33 ± 5 
30 ± 5 
30 ± 5 
29 ± 5 
36 ± 4 
37 ± 4 
35 ± 4 

34 ± 4 
38 ± 4 
39 ± 5 
37 ± 4 
35 ± 3 
35 ± 4 
34 ± 4 
33 ± 4 
30 ± 5 
33 ± 5 
31 ± 4 
35 ± 5 
31 ± 5 
34 ± 4 
31 ± 5 
3 1 ± 4 
29 ± 4 
34 ± 5 
33 ± 5 
34 ± 4 
28 ± 5 
35 ± 5 
30 ± 4 
41 ± 4 

36 ± 6 
34 ± 5 
35 ± 6 
35 ± 5 
33 ± 5 

40 ± 4 
36 ± 4 
43 ± 5 
39 ± 4 
42 ± 5 
42 ± 5 
38 ± 4 
36 ± 4 
40 ± 5 
38 ± 6 
36 ± 5 
36 ± 5 
47 ± 6 
46 ± 7 
44 ± 6 

45 ± 6 
45 ± 6 
45 ± 6 
47 ± 6 
43 ± 4 
48 ± 6 
46 ± 6 
43 ± 5 
37 ± 4 
43 ± 4 
40 ± 4 
44 ± 4 
41 ± 3 
44 ± 6 
39 ± 5 
42 ± 6 
38 ± 5 
42 ± 6 
40 ± 5 
42 ± 5 
38 ± 6 
42 ± 6 
37 ± 5 
46 ± 5 

44 ± 6 
41 ± 5 
43 ± 6 
42 ± 5 
39 ± 6 

30 ± 4 
28 ± 4 
32 ± 4 
29 ± 4 
31 ± 4 
30 ± 5 
29 ± 4 
30 ± 4 
32 ± 5 
30 ± 5 
28 ± 4 
28 ± 3 
37 ± 5 
37 ± 4 
34 ± 4 

33 ± 3 
36 ± 4 
36 ± 5 
35 ± 4 
33 ± 4 
33 ± 3 
32 ± 3 
33 ± 4 
29 ± 4 
32 ± 4 
32 ± 4 
33 ± 5 
31 ± 4 
34 ± 4 
29 ± 4 
33 ± 3 
3 1 ± 4 
33 ± 4 
3 1 ± 4 
34 ± 5 
3 1 ± 4 
33 ± 4 
29 ± 4 
33 ± 4 

31 ± 4 
33 ± 4 
32 ± 4 
34 ± 4 
29 ± 4 

37 ± 5 
35 ± 5 
40 ± 5 
38 ± 6 
4 1 ± 6 
42 ± 6 
34 ± 3 
38 ± 3 
45 ± 6 
40 ± 6 
38 ± 4 
38 ± 4 
46 ± 5 
45 ± 5 
45 ± 5 

46 ± 6 
40 ± 4 
41 ± 5 
45 ± 4 
42 ± 4 
44 ± 5 
4 1 ± 6 
42 ± 5 
36 ± 6 
44 ± 6 
39 ± 6 
47 ± 6 
42 ± 5 
43 ± 5 
39 ± 5 
45 ± 5 
40 ± 5 
39 ± 5 
37 ± 5 
46 ± 4 
43 ± 5 
42 ± 5 
39 ± 6 
45 ± 5 

4 1 ± 5 
36 ± 6 
37 ± 6 
42 ± 6 
37 ± 6 

32 ± 3 
30 ± 3 
34 ± 4 
32 ± 4 
33 ± 4 
33 ± 4 
34 ± 5 
36 ± 4 
34 ± 3 
3 1 ± 4 
33 ± 4 
33 ± 4 
38 ± 4 
38 ± 4 
37 ± 4 

38 ± 4 
38 ± 6 
38 ± 5 
38 ± 4 
36 ± 5 
38 ± 4 
37 ± 5 
35 ± 4 
33 ± 5 
35 ± 4 
32 ± 4 
36 ± 7 
33 ± 6 
35 ± 5 
34 ± 5 
36 ± 4 
34 ± 4 
38 ± 5 
36 ± 4 
38 ± 5 
32 ± 6 
35 ± 4 
32 ± 5 
38 ± 4 

36 ± 4 
36 ± 4 
35 ± 5 
37 ± 4 
33 ± 4 

5 
5 
4 
3 
6 
4 
4 
2 
9 
9 
3 
3 
4 
4 
8 

5 
3 
4 
5 
3 
5 
5 
5 
5 
7 
5 
9 
7 
9 
9 
5 
5 
8 
8 
o 
9 
8 
7 
8 

6 
o 
8 

11 
11 

3 
3 
4 
3 
5 
5 
4 
3 
9 
9 
4 
4 
4 
4 
5 

3 
4 
4 
7 
4 
3 
4 
4 
3 
4 
3 
8 
7 
9 
9 
4 
4 
8 
8 
9 
9 
8 
8 
6 

6 
10 

8 
6 
6 

3 
3 
5 
4 
5 
4 
4 
3 
6 
6 
3 
3 
3 
3 
5 

3 
2 
3 
5 
4 
2 
2 
3 
3 
4 
3 
8 
6 
6 
6 
3 
3 
7 
7 
8 
8 
6 
6 
6 

5 
8 
6 
6 
6 

5.4 Norm / stat ionary 
5.2 
4 .2 Norm / mild narr aft dial 
4.5 
4.2 Norm / mild narr aft dial 
4 .3 
4.2 Norm / mild narr aft d ial 
4.5 
3.5 Enlarged/stat ionary 
3.5 
6.0 Norm /stationary 
5.9 
5.7 Norm / stationary 
5.6 
4 .0 M ild enlargement/narr 

aft d ial 
4.4 
5.4 Norm / stationary 
5.4 
4.2 Norm / narr aft dial 
4.5 
4.8 Norm / stationary 
4. 7 
4.7 Norm / stat ionary 
4.8 
4.2 Norm / mild narr aft dial 
4.5 
3.6 Enlarged / narr aft dial 
3.8 
4.6 Enlarged / stat ionary 
4.5 
5.0 Norm / stationary 
5 .2 
3 .3 Enlarged / stationary 
3.3 
3.4 Enlarged / stationary 
3.4 
4. 0 Enla rged / stationary 
4.0 
4.0 M ild enlargement/narr 

aft d ial 
4.2 
3.3 Enla rged / narr aft dial 
3.6 
3.4 Enlarged / narr aft dial 
3.4 

Note .- In all cases except 3, 6, 7, 8, 9 , and 21, density va lues decreased in at least three measurements. Norm = normal; narr aft d ial = narrowed after dialysis . 
• Areas measured were: (1) third ventricle; (2) sylvian fissure: (3) interhemispheric fissure: and (4) cella media index . 

the rad iographic sig ns of a pulmoveno us congest ion were seen in 
these patien ts. 

In f ive cases the normal appearance of the vent ri cu lar system 
and subarachnoid spaces narrowed an average of 1 mm afte r 
d ialysis. Thus, in nine patients a narrowing of the CSF spaces afte r 
the d ialysis was evident , although this was accompanied by density 

changes of the cerebral parenc hyma in only s ix cases. Long-term 
fo llow-up studies excluded remarkable c hanges in the wid th of the 
CSF spaces. 

Discussion 

CT examinations of patients after d ialys is usually have to dis
pense with initial fi nd ings un influenced by renal fa ilure. When the 

indication fo r dialys is is made, there is a lready evidence of meta
bolic disorders w ith cerebra l damage due to both decreased oxygen 
and g lucose uptake [7]. A diminution of vo lume of cerebral paren
chyma may develop [4 ]. Thus, in c hildren w ith chronic renal failure 
a w idening of the CSF spaces has been discerned in seven of 12 

CT examinations [8]. In our patients there was appropriate fre
quency of enlargement of the ventric ular system (without periven
tricular hypodensity of the white matte r) as well as the sulc i and 

c isterns. 
If cerebral damage is suspected before the beg inning of dialysis 

treatment, neuro logic peculiarities under dialys is should occu r more 
often. A combination of these symptoms after d ia lysis treatment is 

defined as d isequilibrium syndrome [9]. The most like ly explanat ion 

is that during hemodia lysis a disturbance of the osmoreg ulation of 
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Fig. 1.-43-year-old woman with mild enlargement of third ventricle and 
sylvian fissure before dialysis (top row) . Narrowing of the CSF spaces after 
dialysis (bottom row). Density values of white and gray matter are unchanged . 

the central nervous system develops, the factors of which consist 
of reduced blood-brain barrier function, distinct sodium decrease 
in the extracellular space, delayed urea elimination , and abnormal
ities of the acid/base status. Therefore, during hemodialysis the 
osmolality of the extracellular fluid rapidly decreases, while the loss 
of intracellular liquid is delayed. An osmotica lly active gradient 
develops at the cell membrane, leading to an increase in water 
content of the cells [1 , 10). 

In 16 patients (73 %) hypodense values of white and gray matter 
of about 2-3 H were provable immediately after dialysis . Similar 
observations of decreased absorption values subsequent to hemo
dialysis have been reported [5), in which the authors recog nize a 
normalization of the parenchymal density within 2 days, and a 
further increase before subsequent dialysis sessions. This behavior 
is registered in chronic intermittent dialysis procedures only, not in 
chronic ambulant peritoneal dialysis treatment. 

From our measurements, however, the changes in density after 
hemodialysis cannot be supposed to be due to brain edema or 
intracellular hydration alone. In six patients of all ages the density 

values remained unchanged . The weight loss of these patients was 
between 1 .5 and 4 .7 kg, so the possibility of insufficient dialysis 
treatment can be excluded . 

Second, hydration of the cerebral parenchyma should have been 
accompanied by a narrowing of the ventricles and sulci. Indeed, 

after dialysis nine patients exhibited narrowed CSF spaces; how
ever , a contemporaneous decrease in density developed in on ly six 

cases. In 10 patients the CSF spaces remained unaltered, with 
decreased rad ioabsorption of the brain after dialysis. We cannot 
explain these contrad ictory results, but we believe that, in add ition 
to the rise in water con tent , variations in electrolytes and the so
called '" idiogenic osmoles " (i.e ., organic ac id and fragments of 
larger protein molecules) [11) seem to be of importance for the 
absorption values of cerebral parenchyma. 

The width of CSF spaces does not indicate any correlation with 
over- or dehydration of the patient. A rise in CSF pressure observed 
under dialysis of animals [11) cannot be conf irmed by CT. 

Long-term follow-up studies demonstrate unchanged density val
ues and stationary width of the CSF spaces. They do not reveal any 
signs of progressive encephalography during dialysis treatment. 

Finally , it should be emphasized that despite striking CT findings 

of enlarged CSF spaces, th eir possible narrowing after d ialysis, and 
the density change of parenchyma, there are only mild , sporad ic 
disequilibrium syndromes (headache, nausea) c linicall y evident. 
Hence we may infer th at if serious neurologic symptoms occur 
under dialysis treatment , a CT contro l is absolutely necessary . 
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