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Abstract

Introduction Management of pediatric epidural hematoma (PEDH) ranges from observation to emergent craniotomy. Guidelines
for management remain poorly defined. More so, serial CT imaging in the pediatric population is often an area of controversy
given the concern for excessive radiation as well as increased costs. This work aims to further elucidate the need for serial
imaging to surgical decision-making.

Methods A prospectively maintained single-institution trauma database was reviewed at a level-1 trauma center to identify
patients 18 years old and younger presenting with PEDH over a 10-year period. Selected charts were reviewed for demographic
information, mechanisms of injury, neurologic exam, radiographic findings, and treatment course. Surgical decisions were at the
discretion of the neurosurgeon on call, often in discussion with a pediatric neurosurgeon.

Results Two hundred and ten records with traumatic epidural hematomas were reviewed. Seventy-three (35%) were
taken emergently for hematoma evacuation. Of these, 18 (25%) underwent repeat imaging prior to surgery. One
hundred and thirty-seven (65%) were admitted for observation. Seventy-two patients (53%) did not undergo repeat
imaging. Sixty-five (47%) admitted for conservative management had at least one repeat scan during their hospital-
ization. Indications for follow-up imaging during conservative management included routine follow-up (74%), initial
scan in our system following transfer (17%), neurological decline (8%), and unknown (1%). Thirteen patients (9%)
were taken for surgery in a delayed fashion following admission. Twelve patients who went to surgery in a delayed
fashion demonstrated progression on follow-up imaging; however, increase in hematoma size on repeat imaging was
the sole surgical indication in only four patients (3%). There were no deaths related to the epidural hemorrhage or
postoperatively, regardless of management, and all patients recovered to their pre-trauma baseline.

Conclusion Given that isolated hematoma expansion accounted for an exceptionally small proportion of operative indications,
this data suggests changes seen on CT should not be solely relied upon to dictate surgical management. The benefit of obtaining
follow-up imaging must be strongly considered and weighed against the known deleterious effects of excessive radiation in
pediatric patients, let alone its clinical utility.
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minimally symptomatic patients. As such, much of the literature
supported emergent craniotomy given that documented patients
had neurological deficits/deterioration [7]. Alternatively, the
ubiquitous nature of CT scans has resulted in diagnosis and treat-
ment of lesions in otherwise asymptomatic patients, with surgical
rates ranging from 38 to 100% [1, 8].

Currently, there exist surgical guidelines for EDH manage-
ment in adults to include GCS, EDH thickness and volume,
and degree of midline shift (MLS) [1]. Despite a growing
body of literature regarding the topic, many with successful
conservative observation of these patients, a pediatric corre-
late has yet to be established [1-3, 7, 9-18]. Furthermore,
based on pathophysiologic differences between adult and pe-
diatric patients, management of EDH in the latter may differ
notably form the former [16, 17]. Given this, clinical practice
remains highly variable and there is little consistency between
agreed upon risk factors predictive of surgery. A few centers
have attempted to produce specific clinical guidelines; how-
ever, the literature remains scant, being primarily composed of
small, retrospective works [2, 3, 10-12, 19, 20].

Computed tomography is invaluable in the diagnosis of
traumatic EDH, and support for such imaging can be found
within decision-making tools used nationally [21-23].
However, there exists no consensus regarding acquisition of
repeat imaging in pediatric trauma patients. Much of the work
supporting conservative management describes obtaining
follow-up imaging [7, 9, 11-13, 17, 20, 24, 25]. Serial CT
imaging in this population is often an area of controversy
given the concern for excessive radiation as well as increased
costs. The most recent pediatric TBI guidelines quote a life-
time risk of fatal cancer from one head CT in a 1-year-old to be
as high as 1 in 1500 [26]. Furthermore, despite repeat imaging
rates up to nearly 90%, literature has demonstrated that this
practice often has very little clinical value in the setting of
acute EDH [2, 3, 14, 25, 27-29]. The rates of change in man-
agement following repeat imaging in the setting of pediatric
head trauma are low (< 10%). However, variability in this
number across the literature further highlights the lack of con-
sistent management [1, 2, 24, 28]. What continues to be em-
phasized is the role of clinical risk factors, particularly chang-
es in neurological status [2, 14, 16, 17, 24, 26]. The work that
follows aims to help optimize treatment of pediatric trauma
patients to further elucidate the clinical role of CT imaging in
the management of traumatic epidural hematomas via review
of the literature as well as a large pediatric trauma database
from a single institution.

Methods

We identified a retrospective cohort of all pediatric patients
who were treated for traumatic EDH between January 2006
and July 2017 at our University Hospital (UH), a level I
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pediatric trauma center, in San Antonio, Texas. Approval
was obtained through the Institutional Review Board of our
institution. Subjects’ age 0 to 18 years with a diagnosis of
intracranial epidural hematoma were included. Patients trans-
ferred from outside facilities with imaging were included, as
they were transferred with imaging or underwent CT imaging
at our institution. Subjects were excluded if they did not carry
a diagnosis of traumatic EDH confirmed on CT scan. Clinical
data was obtained from a prospectively maintained single-
institution trauma database. Selected charts were reviewed
for demographic information, mechanisms of injury, neuro-
logic exam, radiographic findings, and treatment course.
Neurosurgical and trauma documentation was reviewed for
age, cthnicity, mechanism of injury, presenting Glasgow
Coma Scale (GCS), neurological findings, fontanelle status
(if appropriate), time to surgery, and type of surgery (craniot-
omy vs. craniectomy). Possible mechanisms of injury include
assault, domestic fall (less than 10 ft), fall from height (greater
than 10 ft), motor vehicle accident, non-vehicle road accident
(i.e., motor vehicle vs. pedestrian, cycling accident), and
sports-related injury. Neurological findings recorded included
the presence of a lucid interval, dilated pupils, focal neurolog-
ical deficits, and a decline in GCS. Data extraction was ob-
tained by three of the authors (DCS, MTB, DJW). Imaging on
arrival was reviewed for location of hematoma, venous sinus
involvement, presence and type of skull fracture, and concur-
rent intracranial injury (i.e., SAH, SDH, ICH). Measured var-
iables included hematoma thickness (in the axial, sagittal, and
coronal planes), hematoma volume using the ABC/2 formula,
the amount of midline shift, and biparietal skull diameter. The
acquisition of the follow-up CTs in conservatively managed
patients was noted and examined for change in hematoma
thickness. Imaging was reviewed by board-certified radiolo-
gists and/or neuroradiologists and measurements obtained by
author MTB. Surgical decisions were at the discretion of the
neurosurgeon on call, often in discussion with a pediatric neu-
rosurgeon. Outcomes were evaluated on the basis of docu-
mentation on subsequent clinical follow-up visits with the
neurosurgery team.

Results

Two hundred and ten patients presented to UH with traumatic
epidural hematomas on imaging. Seventy-three (35%) were
taken emergently for hematoma evacuation. Of these, 18
(25%) underwent repeat imaging prior to surgery. One hun-
dred and thirty-seven (65%) were admitted for observation.
This includes 72 patients (53%) that did not undergo repeat
imaging. Sixty-five (47%) admitted for conservative manage-
ment had at least one repeat scan during their hospitalization.
Indications for follow-up imaging for immediately operative
patients include initial scan in our system following transfer



Childs Nerv Syst (2019) 35:2195-2203

2197

(83%) and neurological decline (17%). Indications for follow-
up imaging during conservative management included routine
follow-up (74%), initial scan in our system following transfer
(17%), neurological decline (8%), and unknown (1%). An
MRI was obtained as follow-up imaging in 11 patients
(14%) admitted for conservative management, with eight
(10%) of these being the initial follow-up.

Thirteen (6%) were taken for surgery in a delayed fashion
following admission. Indications for repeat imaging in these
patients include an initial scan in our institution following
transfer (33%), neurological decline (33%), routine follow-
up (25%), and having an unreliable clinical exam to follow
(9%). The most common indication for delayed surgical evac-
uation was a decline in neurological exam with or without
progression on imaging. Other indications included EDH size,
the presence of a focal neurological deficit, and progression on
repeat CT. Twenty-five patients (35%) demonstrated hemor-
rhage progression on repeat imaging. Twelve patients who
went to surgery in a delayed fashion demonstrated progression
on follow-up imaging; however, increase in hematoma size on
repeat imaging was the sole surgical indication in only four
patients. The indication for follow-up scans in these four pa-
tients was routine follow-up (75%) or neurological decline
(25%). Demographics for patients demonstrating progression
can be found in Table 1.

As a result of their cranial injury, the mortality rate in pa-
tients found to have progression was 0%, regardless of man-
agement. Follow-up for this group ranged from 2 weeks to
18 months. All patients recovered fully to their pre-trauma
neurological status. For the remainder of the cohort for which
follow-up was available, there were no deaths related to their
extra-axial hemorrhage or postoperatively, and recovery to
their pre-trauma baseline was observed where follow-up was
available. Overall, conservative management was successful
in 91% of patients.

The average size of surgically treated hematomas was
significantly larger than that which were conservatively
managed by every measurement, including axial thickness,
coronal thickness, sagittal thickness, and volume (p <0.05).
Average midline shift was also significantly larger in the
surgically treated group (4.59 mm vs. 0.87 mm; p <0.05).
The cohort that received surgery without repeat imaging
also displayed significantly larger hematomas in terms of
axial thickness, sagittal thickness, volume, and MLS, but
not coronal thickness when compared with those that re-
ceived repeat imaging before surgery (p < 0.05). While there
was no pre-determined cutoff above which patients were
decidedly operated on, retrospective analysis of the data
showed that the largest hematoma that was not evacuated
measured 19 mm in axial thickness. Mechanism of trauma
was not significantly associated with a particular outcome.
CT findings and stratification by age can be found in
Tables 2 and 3, respectively.

Discussion

The advent of CT imaging has resulted in over diagnosis of
many epidural hematomas that do not require surgical inter-
vention, and would not have been picked up clinically other-
wise. While no standardized practice or widely implemented
guidelines exist with respect to the management of such, it is
common for routine follow-up imaging to be obtained for
lesions that are managed non-operatively. Our institution con-
tributes to this trend in that we have no established functional
algorithm to guide treatment. Classic teaching emphasizes a
need for surgical evacuation of traumatic epidural hematomas
in pediatric patients [3, 5, 6]. However, as early as the 1980s,
there exists literature that urges consideration of conservative
treatment following diagnosis [7]. That being said, the opera-
tive rates for pediatric EDH range from 36 to 100% [3, 8, 13,
18, 20, 27]. Ersahin et al. document surgical treatment of
every one of the 146 patients in their cohort, a perspective
more in line with historical teaching despite citing cases of
successful observation [8]. Duthie et al. suggest that clinical
presentation may not always be reliable and describe good
results with surgical intervention [14]. Unfortunately, as op-
posed to adult literature, there is a notable paucity of guide-
lines with respect to traumatic EDH in pediatric patients. Few
series over the last couple decades have attempted to define
objective indices to triage surgical patients; however, these are
not widely utilized or validated [3, 10].

Despite a lack of consensus on significant risk factors to
elucidate triage of these patients to surgery versus observation,
the implementation of the latter continues to bolster support.
High success rates of conservative treatment of pediatric EDH
have been published, ranging from 60 to 88% [1, 11, 12, 18,
27]. Successful observation in our study correlates with con-
temporary literature, being even slightly higher at 91%. Our
operative rate is much lower, however, at 29% for immediate
surgery with an additional 12% that underwent delayed evac-
uation. Far beyond the understanding that surgically insignif-
icant lesions are more readily diagnosed in an era of wide-
spread computed tomography, a better comprehension of the
pathophysiology of EDH in this population reinforces the
need for a different mindset in its management. Aspects such
as the safety of delayed surgery, the physiological ability of
children to better tolerate these lesions, more thorough under-
standing of the natural history of EDH, and an absence of
long-term functional imaging and neuropsychological chang-
es in non-operative patients further contribute toward a poten-
tial paradigm shift in the management of these children [7,
15-18, 27].

Analysis of ways to optimize care with respect to appropri-
ate initial CT imaging in the setting of TBI has been validated
throughout the literature and is widely utilized [19, 21, 22].
Alternatively, the vast majority of work describing EDH con-
tinues to utilize subsequent imaging for standard management
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Table 1 Demographics of
patients who demonstrated
hemorrhage progression on head

Conservatively managed

Operations (all indications) Operative for

progression alone

CT that were managed
conservatively and operatively.
MVA, motor vehicle accident

N (male/female)
Mean age (years) 6.3
Ethnicity
White, non-Hispanic 2
Hispanic 10
Black
Asian
MOI
Domestic fall
Fall from height
MVA
Non-MVA road accident
Assault
Sport injury
Others
Decline in GCS
Lucid interval
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Dilated pupil
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Focal neuro deficit
Location
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Temporal
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Occipital
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Fracture 13
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[7,9, 12, 13, 16-18, 23, 27]. The utility of serial imaging is
often an area of controversy, and yet, still no definitive guide-
lines have persisted. Specific concerns such as excessive radi-
ation exposure on the developing nervous system as well as
financial and logistical costs of repeat computed tomography
for pediatric patients must be considered. Various radiograph-
ic features such as hemorrhage location, herniation, hemor-
rhage size, and midline shift have been analyzed and empha-
sized in attempts to guide operative decision-making [1, 3, 7,
10, 13, 16]. Those closest resembling guidelines are based on
level III evidence and recommend that further imaging may
not be indicated later than 24 h following admission, and only
in the presence of neurological change [26, 30].

The results of the current work support the idea that EDH in
pediatric patients can be successfully managed non-operatively,
as observed in our high rate of successful observation and low-
er surgical rate. More specifically, our goal was to lend clarity
to the role of subsequent CT imaging following diagnosis, with
efforts to highlight the importance of other clinical factors to
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guide surgical decision-making. This potentially removes the
concept of “routine” follow-up imaging, that is, repeat imaging
that is not prompted by clinical change. While the importance
of the neurological exam is apparent throughout the literature,
as it is mentioned above, the overwhelming majority of work
focusing on non-operative management continues to use addi-
tional CT scans [7, 16-18, 26, 30]. In our cohort, which is on
par with, if not larger than, many series to date, an exceptionally
small number of patients (four) underwent surgery for isolated
hemorrhage progression on follow-up CT. Furthermore, over
half of the children who underwent conservative management
did not undergo routine imaging and were successfully man-
aged non-operatively. Both of these points highlight the signif-
icance of other factors in addition to, if not aside from, radio-
graphic findings. The authors therefore suggest that the use of
follow-up scans in non-operatively managed patients be incum-
bent upon a change in clinical exam, specifically a decline in
neurological status, rather than for exclusively routine pur-
poses. Additionally, the majority of operative patients were
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Table 2 CT findings of both
operatively and non-operatively

managed patients. Divided into
groups for which follow-up im-
aging was obtained and for which
no follow-up imaging was
obtained

All Follow-up imaging No follow-up imaging
Non-operative
Axial thickness (mm) 7.67 791 7.25
Sagittal thickness (mm) 329 33.5 32
Coronal thickness (mm) 359 34.8 37.5
Volume (cc) 522 5.96 4.34
Midline shift (mm) 0.87 0.88 0.84
Operative
Axial thickness (mm) 21.9 17.2 23.6
Sagittal thickness (mm) 66.2 57.7 69.5
Coronal thickness (mm) 65.4 59.6 67.6
Volume (cc) 472 353 51.1
Midline shift (mm) 4.59 2.59 5.33
Craniectomy 6 0 6
Craniotomy 67 18 49

managed as such with only an initial CT scan as guidance. This
is in line with other contemporary analyses and is understand-
able given the general knowledge regarding neurosurgical
teaching with respect to EDH [13, 18, 27].

In contrast, with respect to the benefit of repeat imaging, it
is well published that additional scans often contribute little in
isolation to changes in surgical management [3, 24, 25, 29].

This is supported by our series as well. While changes on
repeat imaging in our group served to influence management
decisions, our results align with other published data. A recent
analysis of 184 pediatric EDH patients by Flaherty et al.
attempted to clarify the role of repeat CT scans. For them,
repeat imaging was “meaningful” if it was documented to
contribute to changing management from conservative to

Table 3  Preoperative data and CT findings in all patients when stratified by age group
All Infant Toddler Child Teen
(under 12 months old) (1-3 years old) (4-12 years old) (1318 years old)

N 210 37 53 87 33
Mean age (years) 5.96 0.54 1.92 7.52 14.5
Decline in GCS 15 1 4 8 2
Lucid interval 13 2 5 3 3
Dilated pupil 11 1 7 2 1
Focal neuro deficit 2 0 1 1 0
Concomitant injury

SDH 14 2 5 3

SAH 11 3 3 4

IPH 21 1 10 6
Thickness (mm)

Axial 12.7 12.2 14.2 11.3 14.5

Sagittal 44.6 42.1 46.9 43.8 45.6

Coronal 46.3 50.9 45.9 45.1 46.4
MLS (mm) 2.17 2.12 291 1.75 228
Volume (cc) 23.1 229 27.1 15.6 18.6
Craniotomy 67 10 24 23 10
Craniectomy 6 2 0 2 2

GCS, Glasgow Coma Scale; SDH, subdural hematoma; SAH, subarachnoid hemorrhage; /PH, intraparenchymal hemorrhage; MLS, midline shift
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operative. However, these scans were not specified as the only
reason for the treatment change. They conclude that, while
repeat scanning is a common practice for pediatric EDH, it
rarely changes management [2]. Some advocate that addition-
al imaging is necessary to monitor for hemorrhage progression
as such phenomenon is possible and often discussed, with
rates over 40% [25]. Progression was observed in just over a
third of patients managed conservatively who underwent re-
peat imaging, and nearly all of them avoided surgery despite
this fact. Other series also demonstrate that progression need
not be an absolute indication for surgery or even considered
failure of conservative management [7, 25, 28, 31].

While not common, some support additional imaging and
more immediate surgical intervention, even in the absence of
clinical change, out of a fear that delayed surgery will lead to
worse outcomes as well as the possibility that EDH can man-
ifest as a delayed injury [24]. This work, however, included
very few EDH patients (< 5%), and of their surgical cases that
demonstrated progression on imaging, 75% has accompany-
ing clinical changes. Other literature suggests that outcomes in
the setting of delayed surgery remain favorable [2, 11]. More
so, as discussed above, support for the decision to undergo
surgical evacuation is more often predicated on clinical
change than merely imaging findings.

It is not to say that there is no role for additional
imaging in the care of these patients; simply that, in
the absence of other important considerations, namely
clinical deterioration, its value may be well outweighed
by their risks. As discussed prior, radiation exposure is a
significant concern for pediatric patients [17, 19, 22, 28].
Factors such as cost, proper resource allocation, and need
for additional medication or sedation to obtain imaging
must also be considered. Together, these may well out-
weigh the contribution of additional scans to EDH man-
agement. On an even more significant level, the avoid-
ance of repeat imaging may even eliminate the costs and
risks of unnecessary surgical intervention. In our series,
3 of the 4 patients taken to the operating room for ra-
diographic changes alone underwent repeat imaging as
“routine” follow-up. It is fair to suggest that, where sub-
sequent scans reserved for clinical changes, these indi-
viduals may have been spared intervention. Within the
series as a whole, despite no established management
algorithm in our hospital, the reason for repeat imaging
in 74% of patients was “routine.” This indication is com-
mon across practices and, as discussed, often does not
change management [3, 14, 28, 30]. To be able to elim-
inate this indication without accompanying clinical
change would be a significant step in optimizing man-
agement of these patients. Taken a step further, if acqui-
sition of repeat imaging was limited to patients demon-
strating neurological worsening, then over 90% of the
repeat scans in our study could have been avoided.
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Together, these points further emphasize the need for
evidence-based guidelines.

In an attempt to eliminate the problems of radiation while
still utilizing follow-up imaging in the management of pediat-
ric EDH, there is an ongoing investigation into the use of fast
MRI [5, 24, 28]. Fourteen percent of patients in our study
underwent MRI imaging for hemorrhage evaluation and were
successfully managed non-operatively. With respect to MRI
for initial imaging, Ryan et al. report that MRI with GRE is
sensitive for most intracranial hemorrhages but only when
there is a prior CT for comparison, while Buttram et al. report
that MRI is comparable to CT [5, 32]. Cohrs et al. also suggest
that MRI may be an effective tool in the evaluation of pediatric
intracranial trauma [33]. The use of MRI may therefore be a
very valuable tool in the evaluation and re-assessment of chil-
dren with traumatic intracranial pathology; however, further
work is needed to address the utility of such modality. MRI
more often requires concurrent sedation, as motion can ob-
scure smaller hemorrhage volumes, and hospital systems are
not universally equipped to quickly and effectively obtain
MRIs for these children [24]. The cost of MRI scans also
exceeds that of CT scans. But more importantly, as the authors
of this paper would propose, repeat imaging in general is
likely to be unnecessary without concurrent clinical concerns,
regardless of the imaging modality chosen. Efforts to mini-
mize radiation exposure in the pediatric population remain an
ongoing challenge across various pathologies. Given evidence
in the literature regarding EDH, inclusive of our work, limit-
ing additional imaging all together may be not only viable but
also optimal.

Ultrasound has also been utilized as an alternative to CT in
following pediatric TBI, with reports of success at various
institutions. Historically, the usage of ultrasound has been
confined to infants with open fontanelles, which allows for a
viewing window unobstructed by bony artifact [34]. This is
becoming less of an issue with the advancements made in
high-definition ultrasonography, and the role of ultrasound
in TBI follow-up may become significant, though as of yet,
there has not been an update in the current literature on the
matter [33]. The use of ultrasound was not addressed in this
study as it is not commonly conducted at the authors’ home
institution, and therefore, there were no cases in which ultra-
sound was performed.

While it is beyond the scope of this work, a consensus on
pediatric EDH management would improve decision-making
based on surgical need while providing added benefits of
more prudent resource utilization, particularly the role of im-
aging. Attempts to establish guidelines often utilize small co-
horts and retrospective data that compares patients who
underwent immediate surgery with those with whom conser-
vative management was attempted [3, 10]. Despite the inher-
ent limitations of such analysis, it also fails to consider the
possibility that some patients who were taken immediately
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for surgery could have done well with conservative manage-
ment. A similar observation can be made with our own patient
data given realities such as a lack of a standardized treatment
algorithm in our institution as well as the widespread, classi-
cally accepted, teaching/understanding that epidural hemato-
mas often necessitate surgical evacuation. Examples of such
variability in treatment can be observed in Fig. 1. Patients with
similar head CTs underwent different treatments (Fig. 1a—d).
One patient demonstrated classically surgically concerning
features (i.e., uncal herniation) and was successfully managed
conservatively (Fig. 1d). These also serve to support the im-
portance of clinical data in addition to radiographic findings in
the management of these patients.

Our work carries limitations similar to much of the pub-
lished literature. It is retrospective in nature and thus contains
no randomization. While the cohort size is similar if not larger
than many other studies, aspects such as the absence of stan-
dardized management for EDH and low rates of follow-up
imaging further limit available clinical information. However,
given the aim of the current work, patients who succeeded with
observation that did not undergo repeat imaging intrinsically
lend support to our proposition. Alternatively, there may be
clinical data that was not available and/or not included that
affected clinical decision-making, and this cohort does not re-
veal patients that underwent surgery who may have been suc-
cessfully observed. Also, since the study is comprised of trau-
ma patients, patient follow-up is less than ideal. That being
said, given the understanding of traumatic EDH, postoperative
follow-up is typically no more than a few months to ensure
good wound healing, at which time patients are often
discharged from surgical care. While there is ongoing work

by our group to implement a local protocol to aid in the surgical
care of these patients, larger, prospective investigation is war-
ranted with hopes of compiling a set of comprehensive and
objective guidelines for management of pediatric epidural
hematomas.

Conclusions

Epidural hematoma is a traumatic injury commonly encoun-
tered by neurosurgeons. Management of EDH in the pediatric
population, unlike adults, has not yet been standardized with
larger, prospective trials. As such, there is wide variability in
practice from center to center. Numerous aspects of clinical
treatment have been analyzed with the goal of facilitating care
of these patients. Based on the long supported, though more
recent, notion that pediatric EDH need not be always met with
surgical intervention, the current work proposes that there are
aspects of conservative management that can be safely con-
sidered, specifically the need for repeat CT imaging and/or
initiation of surgical management in isolation of significant
clinical change. The decision to obtain repeat imaging should
therefore rely heavily upon clinical examination, and not be
made in the absence of such changes. Given that isolated
hematoma expansion accounted for an exceptionally small
proportion of operative indications, this data suggests changes
seen on CT should not be solely relied upon to dictate surgical
management. The benefit of obtaining follow-up imaging
must be strongly considered and weighed against the known
deleterious effects of radiation in pediatric patients and in-
creased economic burden, let alone its clinical utility.

/ d

Fig. 1 Initial and follow-up CT scans of radiographically worsened acute epidural hematomas treated operatively (a, b) and non-operatively (¢, d) in four patients
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