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Evaluation of parenchymal changes at the 
operation site with early postoperative brain 
diffusion-weighted magnetic resonance imaging

Arzu Öztürk, Kader Karlı Oğuz, Nejat Akalan, Pınar Özdemir Geyik, Ayşenur Cila

Magnetic resonance imaging (MRI) has been typically performed 
within 48 h of brain surgery in many centers to evaluate im-
mediate post-procedural changes. Postoperative neuroimaging 

findings provide a guide for further therapies and follow-up imaging.  
Diffusion-weighted imaging (DWI), as a part of routine brain MRI ex-
aminations, can be a useful tool in the evaluation of immediate post-
procedural changes (1, 2).

Our review of several clinical cases has suggested that foci of diffu-
sion restriction may appear in many recently operated patients. A recent 
study has also documented abnormal findings on DWI following sur-
gery for infiltrating gliomas (2). We aimed to determine the frequency 
and evolution of such tissue changes in follow-up imaging, as well as 
any correlations between the findings and pre-operative tumor size, tu-
mor histopathology, the presence of residual tumors in cases with tumor 
resection, the location of the surgery, and presence of hemorrhages in 
the operation beds in all cases. The initial examinations were performed 
within the first postoperative 24 h and diffusion patterns were com-
pared to the normal contralateral parenchyma.  

Materials and methods
The study group consisted of 52 patients (23 female, 29 male; age range: 

8 months-80 years: mean age: 27 years) who had undergone intracranial 
surgery. Patients who had an unexpected immediate postoperative clini-
cal course were excluded from the study.  Indications for surgery were 
an intracranial tumor in 39 patients and mesial temporal sclerosis (MTS) 
and/or cortical dysplasia in 13 patients.  MRI was performed in all pa-
tients within the first 24 h following surgery and included routine con-
trast-enhanced cranial MRI and single-shot gradient-echo (GRE) echo 
planar DWI (TR/TE: 2800/78 msec; matrix: 256x256; b value: 0, 500, and 
1000 s/mm² diffusion gradients applied along 3 orthogonal planes) on 
a 3T MR system equipped with gradients at 33mT/m strength and 160 
ms/mT slew rate (Allegra, Siemens, Erlangen, Germany). All axial im-
ages were acquired with a 5 mm slice thickness and 10% interslice gap. 
A total of 20 slices, which enabled whole-brain coverage were obtained. 
Twenty tumor patients also underwent T2* GRE imaging and 24 had ad-
ditional computed tomography (CT) (5 patients with tumors had both) 
during the same session as DWI.  In total, 29 patients underwent T2* 
GRE imaging and 28 had computed tomography (CT).  Fifteen patients 
had repetitive DWIs between the 7th postoperative day and one month.  

Diffusion changes in brain parenchyma were evaluated by 3 radiolo-
gists in consensus, who visually compared the signal intensity of lesions 
with that of normal parenchyma of the contralateral hemisphere on 
the same slice of DWI.  The apparent diffusion coefficient (ADC) values 
were also measured from the parenchyma near the operation site and 
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PURPOSE
To evaluate diffusion changes in the brain paren-
chyma at the operation site during the first 24 hours 
following surgery.

MATERIALS AND METHODS
The study group consisted of 52 patients, 39 who 
had tumor resection surgery and 13 who had epilep-
sy surgery. Early postoperative magnetic resonance 
imaging (MRI) included diffusion-weighted imaging 
(DWI) and routine contrast-enhanced cranial MRI, 
together with T2* weighted images on a 3T system. 
DWI findings and the presence of hemorrhage in 
the brain parenchyma were evaluated. Correlation 
between the findings, the primary lesion leading to 
surgery, and operation site were evaluated.

RESULTS
Diffusion restriction in the parenchyma surrounding 
the resection cavity was seen in 17 tumor patients 
(32.7%, n = 52) and in 8 epilepsy patients (15.4%, n 
= 52). DWI showed increased diffusion in 7 patients 
and no abnormality in 4 patients. Twenty patients 
showed restricted diffusion pattern related to hemor-
rhage (38.5%, n = 52).

CONCLUSION
Restricted diffusion was the most common abnor-
mality observed in the early postoperative DWI of 
brain parenchyma at the operation site after surgery, 
which suggested tissue injury caused by surgery. Yet, 
hemorrhaging in the operation bed can constitute 
another cause of a reduced apparent diffusion coef-
ficient (ADC) value. Increased diffusion and normal 
diffusion can also be observed, though rarely.
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from contralateral normal-appearing 
brain parenchyma by one radiologist 
(AO). Each region of interest (ROI) was 
placed manually on calculated average 
ADC maps if abnormal signal intensity 
was noted as focal areas adjacent to the 
resection cavity by using the largest 
ROI possible within the area.  In the 
case of a thin, linear rim of diffusion 
abnormality around the surgery site, 
ROI was selected as a pixel. Each ROI 
was mirrored on to the normal appear-
ing contralateral hemisphere in all pa-
tients. The selection of ROIs was made 
adjacent to the resection sites, exclud-
ing cerebrospinal fluid spaces. In our 
study group, there was no surgical 
material left in the surgical cavity after 
the completion of the surgical proce-
dures. To avoid errors in ROI selection, 
patients with surgery-related changes, 
i.e., air in the ventricles, subarachnoid 
space, or resection cavity, and surgical 
sutures that caused distortion, were ex-
cluded. Any hemorrhagic changes in 
brain parenchyma that would have in-
terfered with true parenchymal diffu-
sion change were noted by CT and/or 
GRE imaging.  In patients who did not 
have CT or T2* GRE, to evaluate he-
morrhagic changes near the resection 
site, one radiologist (AO) retrospec-
tively reviewed images generated from 
the diffusion sequence with diffusion 
sensitivity b = 0.  In the cases with 
an intracranial tumor, any effects on 
diffusion abnormalities by pre-opera-
tive tumor size, tumor pathology, and 
presence of a residual tumor following 
surgery were also explored.  Statistical 
analysis was performed with t test and 
chi-square test; p < 0.05 was accepted 
as significant in all tests.

Results
Twenty-five of the tumors were su-

pratentorial and 14 were infratentorial. 
The operation sites of the subjects who 
underwent cranial surgery because of 
non-tumoral etiology were supratento-
rial. Results of histopathological exam-
ination of all the tumors and etiologies 
for non-tumoral surgery are shown in 
Table. We found restricted diffusion 
in the parenchyma adjacent to the re-
section cavity in 17 patients (32.7%) 
who had tumor surgery and in 8 pa-
tients (15.4%) who had epilepsy sur-
gery (Figures 1-3). The ADC maps of 7 
patients (13.4%) showed abnormalities 
suggesting increased diffusion. No dif-
fusion abnormality was observed in 4 
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1 F/37 yr Oligodendroglioma S 0.45 1 -
2 M/34 yr Oligodendroglioma S 0.59 0.93 -

3 F/38 yr Anaplastic oligoastrocytoma I 0.50 0.90 -
4 F/45 yr Anaplastic oligoastrocytoma S 0.65 0.96 +
5 M/3 yr Pilocytic astrocytoma I 0.70 0.95 +
6 M/2 yr Pilocytic astrocytoma S 1.18 0.87 - 
7 M/6 yr Astroblastoma S 0.54 0.95 +
8 F/17 yr Mixed glial I 0.66 0.93 -
9 M/35 yr Glioblastoma S 1.27 0.82 +

10 M/32 yr Glioblastoma S 0.45 0.85 -
11 F/56 yr Glioblastoma S 1.54 0.78 -
12 M/ 8 mo Ganglioglioma S 0.46 1.04 -
13 M/5 yr Ganglioglioma S 0.61 0.85 +
14 M/11 yr Anaplastic ependymoma S 0.63 1.12 +
15 M/13 yr Anaplastic ependymoma S 0.61 0.86 +
16 M/2 yr Anaplastic ependymoma I 1.23 0.87 +
17 F/6 yr PNET S 0.51 0.86 +
18 F/9 yr PNET S 0.59 0.99 -
19 M/29 yr DNET S 0.49 0.88 +
20 M/9 yr DNET S 0.47 0.86 +
21 M/24 yr DNET S 0.66 0.82 -
22 M/12 yr Medulloblastoma I 0.87 0.95 +
23 M/16 yr Medulloblastoma I 0.64 0.86 -
24 F/7 yr Medulloblastoma I 0.80 0.82 -
25 M/4 yr Medulloblastoma I 0.60 0.85 -
26 M/5 yr Medulloblastoma I 0.53 0.88 -
27 F/29 yr Hemangioblastoma I 0,89 0.76 -
28 M/30 yr Hemangioblastoma I 0.53 0.96 -
29 M/18 yr Hemangioblastoma I 0.46 0.79 +
30 F/53 yr Metastasis I 1.37 0.79 -
31 M/80 yr Meningioma S 0.45 0.80 +
32 F/79 yr Meningioma S 0.70 1.1 +
33 F/34 yr Meningioma S 0.59 0.84 -
34 F/42 yr Meningioma S 0.62 0.90 -
35 M/46 yr Meningioma I 1.00 0.81 -
36 F/44 yr Meningioma S 0.55 0.73 -
37 F/61 yr Craniopharyngioma S 0.52 0.84 -
38 M/72 yr Craniopharyngioma S 0.60 0.80 +
39 F/37 yr Pineocytoma S 0.51 0.76 - 
40 M/49 yr Cortical dysplasia S 0.51 0.74 +
41 F/12 yr Cortical dysplasia S 0.66 1.09 +
42 M/14 yr Cortical dysplasia S 0.55 0.96 -
43 M/11 yr Corpus callosotomy S 0.50 0.86 -
44 M/16 yr MTS S 0.41 0.88 -
45 M/23 yr MTS S 0.55 0.96 -
46 F/51 yr MTS S 0.63 0.79 -
47 F/25 yr MTS S 0.85 0.80 -
48 M/39 yr MTS S 0.50 0.88 +
49 F/32 yr MTS S 0.66 0.90 -
50 F/27 yr MTS S 0.54 0.91 -
51 F/34 yr MTS S 0.44 0.89 -
52 F/24 yr MTS S 1.12 0.89 +

M = male; F = female; PNET = primitive neuroectodermal tumor; DNET = dysembryoplastic neuroepithelial 
tumor; MTS = mesial temporal sclerosis; S = supratentorial; I = infratentorial; yr = years; mo = months
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cases (7.6%). Twenty patients (38.4%) 
had signal abnormalities related only 
to hemorrhages, which mostly showed 
restricted diffusion (Figure 2), whereas 
3 patients had increased ADC and one 
patient had no diffusion abnormality.  

Based on these data, the most com-
mon DWI finding around the resection 
cavity during the early postoperative 
period was restricted diffusion. Reversal 
of high signal on DWI was observed in 
every case that had follow-up imaging 
(Figure 3); however, there was a corre-
lation between diffusion abnormalities 
and surgery site; i.e., a restricted dif-
fusion pattern was more common in 

those patients that had a supratento-
rial surgical approach (p < 0.05, Fish-
er’s Chi-Square test). Statistical analysis 
revealed no correlation between diffu-
sion changes and pre-operative tumor 
size, histopathology, and the presence 
of a residual tumor (p > 0.05, Fisher’s 
Chi-Square test).

Discussion
Pathological processes disturb the 

texture of tissue either by destruction, 
degeneration of membranous elements, 
or by changes in cellularity and/or wa-
ter content of tissue compartments. 
Alterations in permeability, osmolar-

Figure 1. a-c. Case 18. A 9-year-old female. Early postoperative transverse diffusion-weighted (DWI) and computed tomographic (CT) images 
of a primitive neuroectodermal tumor (PNET). Transverse DWI (a) with corresponding ADC (apparent diffusion coefficient) map (b), which 
indicates restricted diffusion (single arrow in a and double arrows in b) around the resection cavity. There was no blood around the cavity 
(asterisk) as shown on transverse CT scan (c).

Figure 2. a-c. Case 5. A 3-year-old male. Early postoperative transverse T2* weighted image (a) diffusion-weighted image (DWI) (b), and ADC 
(apparent diffusion coefficient) map (c) of a pilocytic astrocytoma. Mixed deoxy- and methemoglobin encircling the resection cavity (stars) is 
seen on transverse T2*GRE image (a). Thus, restricted diffusion with high intensity on DWI (individual arrows, b) and low value on ADC map 
(double arrows, c) is the result of hemorrhage.

ity, or active transportation may cause 
shifts in the amount of the water pro-
tons in tissue compartments, which 
can be observed with DWI (3, 4).  Based 
on different diffusion characteristics of 
cytotoxic and other types of tissue ede-
ma, DWI has been used for the evalu-
ation of cerebral ischemia, edema, dif-
ferentiation of necrotic-cystic tumors 
vs. abscesses and non-enhanced tumor 
infiltration vs. vasogenic edema, and 
de/dysmyelination (5-10).   

A recent report states that the oc-
currence of restricted diffusion in and 
around the resection site immediately 
after brain tumor resection surgery is 
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not uncommon (2). In that study, the 
authors observed a restricted diffusion 
pattern in 64% of patients and found 
complete resolution in 86% within 90 
days. Diffusion abnormalities typically 
resolved, were replaced by contrast en-
hancement on follow-up imaging, and 
demonstrated encephalomalacia on 
long-term follow-up imaging.  Similar 
to the evolution of restricted diffu-
sion in acute infarct areas, immediate 
postoperative diffusion abnormalities 
invariably undergo a phase of contrast 
enhancement on routine images that 
can be easily misinterpreted as tumor 
recurrence.  This study also found that 
regions of restricted diffusion after 
glioma surgery showed contrast en-
hancement on follow-up MRI, simulat-
ing the appearance of recurrent tumor. 
These areas of enhancement invariably 
evolved into encephalomalacias or 
gliotic cavities in long-term follow-up 
studies, as one would expect in a re-
gion of permanent brain injury (2). 

Our study was not planned to in-
vestigate diffusion changes caused by 

recurrent or residual tumors around 
the resection cavity, but rather tumor 
or epilepsy surgery-related diffusion 
changes. We observed that restricted 
diffusion patterns were the most com-
mon (48.1%) early DWI abnormality 
in the resection site. 

 A widely accepted theory for the re-
striction of water diffusion in tissues 
relies on the disruption of energy me-
tabolism, a decline in cellular adenos-
ine triphosphate (ATP), and failure of 
the Na+/K+ and Ca2+ membrane pumps 
with resultant cellular retention of wa-
ter, known as ‘cytotoxic edema’ (11, 
12). Additionally, increased tortuos-
ity of the extracellular and intracellu-
lar space, and increased intracellular 
viscosity are thought to contribute 
to the reduced mobility of free water 
(11). A temporal evolution of diffusion 
change occurs in ischemic brain tissue 
along with neuropathological events 
(13, 14). Acute ischemia can produce 
cytotoxic edema and thus, profound 
restriction in water diffusion in affect-
ed brain tissue within minutes after 

Figure 3. a-e. Case 21. A 24-year-old male. 
Pre-operative transverse T2 weighted, early 
postoperative, and one month follow-up 
transverse diffusion-weighted images (DWI) 
with ADC (apparent diffusion coefficient) 
map of dysembryoplastic neuroepithelial 
tumor (DNET). Preoperative tumor (a, white 
arrow), shows restricted diffusion around the 
resection cavity in early postoperative DWI 
(double white arrows, b) and ADC map (triple 
white arrows, c).  Pseudonormalization of this 
signal abnormality on one-month follow-up 
transverse DWI (double black stars, d) and ADC 
map (double white arrowheads, e) is noted.

the onset of ischemia, when no signal 
changes are observed on T2 weighted 
images (15-18).  The exclusion of pa-
tients who had an unexpected postop-
erative course represents a bias in this 
study; however we wanted to exclude 
the patients with acute hematoma and 
overt arterial acute occlusions dur-
ing the early postoperative period be-
cause we did not aim to observe the 
diffusion changes in these situations, 
which were already examined in detail 
in previous reports (11, 19). Restricted 
diffusion patterns were more common 
in patients that had a supratentorial 
surgical approach. The supratentorial 
interventions were performed through 
cortical incisions and the removal of 
the lesions required both retraction 
and mechanical contact with the sur-
rounding normal tissue. Any process 
that results in acute intracellular swell-
ing and a subsequent decrease in the 
surrounding extracellular space can 
lead to restricted proton diffusion in 
the brain. After brain tumor resection, 
due to a variety of reasons, such as di-
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rect surgical trauma, retraction and 
vascular injury, and devascularization 
of the tumor, acute cellular damage oc-
curs (1, 2).  

The appearance of hemorrhages on 
DWI has been the subject of several 
previous studies and was found to be 
influenced by many factors such as 
relative amounts of different hemor-
rhagic products and pulse sequences 
used (11). The oxygenation state of 
hemoglobin and lysis of initially intact 
red blood cell (RBC) membranes are 2 
important factors that determine the 
MRI signal intensity patterns of he-
matomas. Shrinkage of extracellular 
space due to resorption of plasma with 
clot retraction (20), alterations of RBCs’ 
shapes (21), a conformational change 
of the hemoglobin within RBCs (22), 
and contraction of intact RBCs (23) ac-
count for possible biophysical causes 
of restriction of diffusion in the early 
stages of hematomas. In early stage 
hematomas, RBCs are intact and con-
tain relatively oxygenated hemoglobin 
(24). Oxyhemoglobin has been seen as 
hyperintense on DWI with lower ADC 
than normal brain tissue, suggesting 
reduced mobility of water protons in-
side the RBCs (19, 25). The T2-shine-
through effect in hyperacute hemato-
mas may be another contributor of the 
signal intensity on DWI, in contrast 
to hyperacute ischemic stroke, which 
lacks T2 signal intensity changes (26).  

Hemorrhages coexist with ischemic 
changes very frequently during the 
early postoperative period. Given that 
there is a body of evidence that intra-
cellular blood products produce high 
signals on DWI and low ADC values in 
first 3 stages of a hematoma (i.e., oxy-
hemoglobin, deoxyhemoglobin, and 
intracellular methemoglobin), hemor-
rhages may have been due to restricted 
diffusion in a number of patients in 
this series (26).

In our study, restricted diffusion 
was also the most common diffusion 
abnormality in cases accompanied by 
hemorrhages. As in most cases, MRIs 
were performed upon completion of 
each surgery and before transporta-
tion of the patients into the intensive 
care unit in this study; therefore, we 
can suggest that existing blood was in 
the oxy- deoxyhemoglobin state dur-
ing the examination in most cases. To 
determine if high signals on DWI were 
due to blood or surgery-related tissue 
damage, GRE imaging and/or CTs were 

also obtained in this study (27).  Echo-
planar MRIs (EPI) with a b value of 0 
s/mm2, which have been found to be 
sensitive to detect hemorrhages nearly 
as effectively as GRE, were evaluated 
in order to determine the presence of 
hemorrhages around the surgery site 
in patients without GRE imaging or CT  
(28).  Smith et al. widely described dif-
fusion abnormalities in the early post-
operative period and their long-term 
follow-up; however, they did not study 
hemorrhage-related changes in and 
around the resection cavity or their 
signal abnormalities on DWI. In early 
postoperative imaging, it is important 
to be aware of the misinterpretation 
of restricted diffusion due to a hemor-
rhage as tissue ischemia near the op-
eration site. 

In the present study, 7 patients 
(13.4%) showed increased diffusion 
and 4 patients had no signal abnormali-
ties in the parenchyma neighboring the 
resection site on DWI.  Increased diffu-
sion might have been caused by both 
vasogenic edema and/or residual tumors 
in our cases. Altered blood-brain barrier 
permeability and subsequent extracel-
lular space enlargement via water shift 
from the blood vessel may have been 
the cause of the observed increased dif-
fusion. The presence of a residual tumor 
might also affect the signal intensity on 
DWI (5). Hodozuka et al. showed that 
local capillary permeability changes oc-
curred more frequently in the postop-
erative period following tumor-resec-
tion than following normal brain tissue 
resection; however, we found no sig-
nificant relationship between diffusion 
changes and tumor or non-tumor cases 
(29). Demarcation of a residual tumor 
from the surrounding vasogenic edema 
may be possible in some patients, but 
determining if there is a residual tumor 
by diffusion patterns without a compar-
ative pre-operative DWI is not a reliable 
method.  

Although the number of serial DWIs 
in this study was limited, in the cases 
with restricted diffusion, a return to 
baseline was observed on the repeat 
studies performed between the 7th 
postoperative day and one month. This 
pseudonormalization increases the 
likelihood that surgery-related chang-
es, rather than tumor cell infiltration, 
was the cause of restricted diffusion.  

Variable signal abnormalities may oc-
cur in the brain tissue near the opera-
tion site on early postoperative DWI. Re-

stricted diffusion due to surgery-related 
acute changes and/or hyperacute blood 
was the most common DWI pattern in 
this series. Thus, in early postoperative 
imaging, radiologists should recognize 
whether restricted diffusion is due to 
hemorrhaging, as tissue damage may 
also occur near the operation site. 
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