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Abstract
Background Since the medullary arteries are of a great neurologic and neurosurgical significance, the aim was to perform 
a detailed microanatomic study of these vessels, as well as of the medullary infarctions in a group of patients.
Methods The arteries of 26 halves of the brain stem were injected with India ink and gelatin, microdissected and measured 
with an ocular micrometer. Neurologic and magnetic resonance imaging (MRI) examinations were performed in 11 patients.
Results The perforating medullary arteries, averaging 6.7 in number and 0.26 mm in diameter, most often originated from 
the anterior spinal artery (ASA), and rarely from the vertebral (VA) (38.5%) and the basilar artery (BA) (11.6%). They sup‑
plied the medial medullary region. The anterolateral arteries, 4.8 in number and 0.2 mm in size, most often arose from the 
ASA and PerfAs, and nourished the anterolateral region. The lateral arteries, 2.2 in number and 0.31 mm in diameter, usu‑
ally originated from the VA and the posterior inferior cerebellar artery (PICA). They supplied the lateral medullary region. 
The dorsal arteries, which mainly arose from the PICA and the posterior spinal artery (PSA), nourished the dorsal region, 
including the roof of the 4th ventricle. The anastomotic channels, averaging 0.3 mm in size, were noted in 42.3%. Among 
the medullary infarctions, the lateral ones were most frequently present (72.8%).
Conclusion The obtained anatomic data, which can explain the medullary infarctions symptomatology, are also important 
in order to avoid damage to the medullary arteries during neurosurgical and neuroradiologic interventions.
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Introduction

Many authors examined the vertebral artery (VA) [3, 5, 
6, 9, 26. 31], the anterior (ASA) and posterior spinal 
arteries (PSA) [3, 5, 18, 21], and the posterior inferior 
cerebellar artery (PICA) [5, 6, 18, 22, 28]. However, only 
a few authors reported anatomic aspects of the medullary 
branches of the mentioned parent arteries [2, 6, 19, 26, 
28], and therefore detailed morphometric data are still 
lacking.

Certain investigators have examined morphology and 
the supplying region of the medullary branches [6, 26]. 
Some others measured their diameter and length, but with‑
out dividing them into the corresponding types [2]. Still 
others measured only the perforating medullary vessels 
[19]. Finally, a comparison of the vascular anatomy, the 
location and extent of certain medullary infarctions and 
their symptomatology were infrequently reported [13, 29].

Accordingly, the aim of our investigation was first to 
examine the microanatomic characteristics of the med‑
ullary arteries and their region of supply. Second, to 
compare the obtained anatomic data with the medullary 
infarctions in our patients and in some reported groups 
[11, 13–15]. Third, to analyze the potential clinical sig‑
nificance of the obtained data.

Methods

Anatomic examination

Thirteen brain stems (26 halves) of 7 males and 6 females 
aged 42–67 years were provided during the autopsy, after 
the removal of the brain from the skull. This procedure 
during a routine autopsy caused damage to the initial part 
of the PICA in several cases, so that this vessel could be 
completely examined in 8 halves of the specimens. In 
spite of this, the remaining specimens still provided use‑
ful information. Twigs of the other arteries were examined 
in all the 26 halves of the specimens.

The main inclusion factor was the patients’ relatively 
younger age (42–66 years) in order to avoid, as much as 
possible, the eventuality of cerebrovascular disease of the 
medullary vasculature. The important exclusion criterion 
was any brain disease or disorder which could damage the 
brain stem. Nevertheless, demographic data, including the 
pre‑autopsy diagnosis, were shown in a table, along with 
certain data regarding the clinical patients, which is pre‑
sented in the result section.

Microcatheters were inserted into the right and left VA 
of each specimen, and 10 ml of a 10% mixture of India ink 

and gelatin was injected. The brain stems were fixed in a 
10% formaldehyde solution for 3 weeks, and then carefully 
dissected under the stereomicroscope (Leica MZ6). The 
arteries were measured by means of an ocular micrometer. 
We also tried to microdissect some larger intramedullary 
arteries, in order to examine their ramification and region 
of supply. They were compared to serial transverse histo‑
logic sections of a non‑injected brain stem stained after 
the Klüver‑Barrera method, which were examined under 
a light microscope (Leica DMLS). We also analyzed two 
representative templates regarding the vascular territories 
[6, 26]. Photographs of the dissected arteries and histo‑
logic slices were used for further analysis.

Patient examination

During ten months in 2022, we enrolled 12 patients with 
the medullary infarctions in our Stroke Hospital, that is, 8 
males and 4 females aged between 56 and 81 years (65.8 
on average). In addition to the general, neurologic and lab‑
oratory examination, magnetic resonance imaging (MRI) 
was performed in all patients but one using General Elec‑
tric, Signa HdX 1.5 T apparatus. The following sequences 
were applied: T1‑ and T2‑weighted, diffusion‑weighted 
(DWI), fluid‑attenuated inversion recovery (FLAIR), and 
MR angiography (MRA).

Six of our patients had arterial hypertension, 2 diabetes 
mellitus, 3 hyperlipidemia, and 1 ischemic heart disease, 
whilst 3 were cigarette smokers. Only 1 patient reported a 
previous stroke. Demographic data and risk factors were 
presented in Table 1.

There were two inclusion criteria: a recent medullary 
infarction, and an MRI examination. Since one of the 12 
patients had only computerized tomographic (CT) scans, 
he was excluded from our study. Finally, a written con‑
sent was provided from all clinical patients, which was 
approved by the authorities of the Neurosurgical Clinic, 
the Stroke Hospital Sveti Sava, and the Ethics Committee 
of the Clinical Center.

Statistical analysis

Statistical analyses were performed using statistical soft‑
ware SPSS (version 22.0). Statistical tests are 2‑sided, 
and p values < 0.05 were considered to be statistically 
significant. Continuous variables are shown using the 
mean (SD), median (interquartile range [IQR]) and 95% 
Confidence Interval (95%CI), and compared applying the 
nonparametric Mann–Whitney U test for all non‑normally 
distributed data.
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Results

Autopsy individuals and clinical patients

We have created a summarizing table with the most impor‑
tant data regarding both groups of patients (Table 1). The 
age of the autopsy individuals was lower (61.9 ± 1.8) com‑
pared to that of our patients. There was a similar number 
of males and females. A pre‑autopsy diagnosis was mostly 
related to ischemic heart disease and tumors, but with no 
statistical significance (p = 0.442).

Clinical patients were older on average (66.7 ± 8.13) 
(Table 1), and males predominated. Some of them had two 
risk factors. Hypertension was the most frequent event, but 
also with no statistical significance (p = 0.261).

Anatomic, radiologic and neurologic examination

Four groups of the medullary arteries were distinguished, 
mainly arising from the VA, the anterior spinal artery (ASA) 
and its roots, the PICA, and the PSA (Fig. 1). These are the 
perforating arteries (PerfAs), short anterolateral (ALAs), 
long lateral (LAs), and the dorsal medullary arteries (DAs) 
(Fig. 1).

As regards their parent vessels, the VA most often 
was normal in size (Fig.  1), with a mean diameter of 

2.64 ± 0.38 mm (range: 2.1–3.2 mm; median: 2.7; IQR: 0.7; 
95%CI: 2.42–2.87). A VA hypoplasia, i.e. less than 2.2 mm 
in size, was rarely observed (7.8%). As for the ASA, most 
often a typical vessel was seen (Fig. 2A), and less fre‑
quently a hypoplastic right (Fig. 2B) or left ASA root, with‑
out (Fig. 2C) or with a common stem (Fig. 2D) of certain 
medullary branches (ASA, LA and sometimes PerfA). A 
duplication of the ASA (Fig. 2E), its unilateral origin with 
(Fig. 2F) or without the opposite common stem (Fig. 2G), or 
a plexiform origin (Fig. 2H) was rarely observed. The ASA 
averaged 0.62 mm in diameter, and its roots 0.51 mm and 
0.41 mm, respectively (Table 2). They arose from the VA 
1.6–7.6 mm (mean, 5.1 mm) caudal to the vertebrobasilar 
junction. They joined together to form the ASA between 
4.7 mm and 14.8 mm (mean, 9.1 mm) caudal to the latter 
junction. The ASA and its roots can give off singular med‑
ullary branches or certain common stems (Figs. 1, and 2D 
and F).

Perforating arteries and medial medullary 
infarctions

The PerfAs (Fig. 1), which averaged 6.7 in number and 
0.26 mm in diameter, most often originated from the ASA 
(100%), and less frequently from other vessels (Table 2), 
including the BA (11.6%) (“i” in Figs. 1, and 3B). The most 

Table 1  Characteristics of the autopsy and clinical patients

Autopsy patients Clinical patients

Age/Gender Clinical diagnosis: Age/Gender Risk factors

63/M Ischemic heart disease 68/M Hypertension
62/M Ischemic heart disease 75/M Hypertension
64/M Ischemic heart disease 59/F Hypertension, hyperlipidemia
66/F Ischemic heart disease 63/M Hypertension, hyperlipidemia
65/M Lung carcinoma 62/M Hypertension, hyperlipidemia
62/M Liver melanoma metast 72/F Diabetes mellitus
66/M Prostate carcinoma metast 57/M Diabetes mellitus, smoking
63/F Renal carcinoma 70/F Smoking
67/F Uterine adenocarcinoma 61/M Hypertension, smoking
65/M Aortic aneurysm rupture 55/M Ischemic heart disease
65/F Obstructive lung disease 81/F Previous stroke
55/F Traumatic peritonitis
42/F Anaphylactic shock
Total: 13 (100%) (7 M, 6F)
Age:
range: 42–67
(mean ± SD): 61.9 ± 1.8
Median: 64
IQR: 4
95%CI: 57.9–66.0

13 (100%):
Heart disease: 4 (30.8%)
Tumors: 5 (38.5%)
Trauma: 1 (7.7%)
Other: 3 (23.1%)
(p = 0.442)

11 (100%) (7 M, 4F)
Age:
range: 55–81
mean ± SD: 66.7 ± 8.13
median: 63
IQR: 13
95%CI: 60.3–71.2

11 (100%):
Hypertension: 6 (37.5%)
Hyperlipidemia: 3 (18.8%)
Smoking: 3 (18.8%)
Diabetes: 2 (12.5%)
Heart disease: 1 (6.3%)
Previous stroke: 1 (6.3%)
(p = 0.261)
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rostral PerfA originated 3.4 mm on average caudal to the 
vertebrobasilar junction.

The PerfAs were mainly singular, but in 11.6% they 
formed common stems (“d” in Fig. 1) (Table 2). Some Per‑
fAs gave rise to the ALAs (“e” in Fig. 1) in all the speci‑
mens, or they both originated by a common stem (7.8%) (“f” 
in Fig. 1). Their common origin with the LAs was noted in 
15.4% (Table 2). The PerfAs penetrated the foramen caecum 
(“a” in Figs. 1 and 3B) and the anterior median sulcus (“b” 
and “c” in Fig. 1). They nourished the pyramids and deeper 
structures, following a division into short anteromedial and 
2–4 long paramedian branches.

The anteromedial twigs mainly supply the medial part of 
the pyramidal tract, some corticobulbar fascicles, and parts 
of the arcuate nucleus (Fig. 4). The paramedian branches 
nourish certain structures along the raphe, i.e. the medial 
lemniscus, tectospinal tract, medial longitudinal fasciculus 
(MLF), and the hypoglossal nucleus, as well as the nucleus 

prepositus rostrally, and certain paramedian and raphe retic‑
ular nuclei (Fig. 4).

A medial medullary infarction (MMI) was not observed in 
our patients. However, a combined partial medial and ante‑
rolateral ischemic lesion was noted in one patient (Fig. 5). 
He presented a hemiparesis with leg predominance, a slight 
dysarthria, and a mild touch and proprioceptive disorder of 
the opposite hemi body (Fig. 5A–C). The left VA occlusion 
was observed, including a multicentric stenosis of the right 
VA (Fig. 5D).

Anterolateral arteries and medullary infarctions

The short ALAs (Figs. 1 and 3), which averaged unilaterally 
4.8 in number and 0.2 mm in size, most often originated 
from the PerfAs and the ASA, and less frequently from other 
arteries (Table 2). They rarely branched off from a BA per‑
forator (Fig. 3B). They penetrated the pyramid, the preo‑
livary sulcus, or the olive (Figs. 1 and 3). The ALAs suc‑
cessively arose from a long common trunk (”g” in Figs. 1, 
and 2D and F) in 19.3% specimens, which sometimes can 
give off a PerfA or a lateral medullary branch. In addition, 
some ALAs from the BA (Table 2) terminated in the oli‑
vary region, as well as certain descending ALA twigs of the 
AICA (Fig. 3B).

The ALAs mostly supply the lateral part of the pyramidal 
and corticobulbar tracts, the hypoglossal nerve, and the ven‑
tral part of the inferior olivary complex (Fig. 4). An isolated 
anterolateral infarction (ALMI) was not seen in our patients.

Lateral arteries and medullary infarctions

The LAs, which averaged unilaterally 2.2 in number and 
0.31 mm in diameter, most often originated from the VA 
(“h” in Figs. 1, and 3A) and the PICA (Fig. 6), and rarely 
from other vessels (Table 2). They infrequently arose by 
their own common stems (7.8%), or with a PerfA (15.4%) or 
ALAs (3.9%). The LAs occasionally gave rise to 1–3 PerfAs, 
the ALAs, or both.

The LAs nourish the lateral medullary territory (Fig. 4), 
including certain somatosensory and autonomic pathways 
(the spinothalamic, spinal trigeminal, trigeminothalamic, 
and solitary tracts), some somatosensory and autonomic 
nuclei (the spinal trigeminal, solitary, and dorsal vagal 
nuclei), certain motor elements (the nucleus ambiguus, and 
the rubrospinal, vestibulospinal, reticulospinal and central 
tegmental tracts), sympathetic descending fibers, some 
ascending pathways (the spinocerebellar and olivocerebel‑
lar tracts), portions of the reticular formation, and the lower 
cranial nerves.

A pure lateral medullary infarction (LMI) was the most 
frequent type in our study (72.8%) (Fig. 7). In such patients, 
hemihypesthesia or dysesthesia for pain and temperature 

Fig. 1  A drawing of the basilar (1), vertebral (2), and anterior spinal 
artery (3) with their medullary branches in the anterior view. Note 
the perforating (black), anterolateral (white) and lateral twigs (bright 
grey), and some common stems (stripped). Also note the abducent 
nerve (4), the foramen caecum (5), the right pyramid (6), the left 
olive (7), the hypoglossal nerve (8), and the lateral surface (9) of 
the medulla. Certain perforators (a) enter the foramen caecum or the 
anterior median sulcus (b and c), whilst some others originate by a 
common trunk (d), or give rise to the anterolateral branches (e), or 
originate in common with them (f). There is also a common stem of 
the anterolateral twigs (g). Note the lateral medullary arteries (h), and 
a perforator (i) of the basilar artery
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commonly appeared, sometimes along with facial hemi‑
hypesthesia, dysarthria, dysphagia, ataxia, nausea, vertigo, 
unsteadiness, and Horner’s syndrome. In addition, the pre‑
sented patient (Fig. 7), who had the right VA occlusion, also 
manifested hiccups and vomiting.

Dorsal (posterior) arteries and medullary infarctions

The DAs mainly represent branches of the PICA and the 
posterior spinal artery (Fig. 8).

The PICA is the largest branch of the VA (Fig.  6), 
which encircled the lateral medullary surface and entered 
the tonsillomedullary fissure, and then coursed along the 
dorsal surface of the medulla, toward the roof of the 4th 
ventricle (Fig. 8). It usually formed a caudal and a cranial 
loop, and bifurcated then into two trunks, the medial and 
lateral. Larger dorsal branches of the PICA coursed along 

the inferior cerebellar peduncle toward the tela choroidea, 
the choroid plexus, and the rhomboid fossa (Fig. 8). Smaller 
twigs terminated close to the PICA (Fig. 8).

The PSA arose from the VA (Fig. 6) or the PICA. It usu‑
ally divided into a descending and an ascending branch. The 
latter branch coursed along the inferior cerebellar peduncle, 
toward the 4th ventricle, and terminated close to the obex 
and the foramen of Magendie (Fig. 8). When the ascend‑
ing branch of the PSA was absent or small (in 2 cases), it 
was replaced by the lateral VA twigs (Fig. 8, right) and the 
dorsal PICA branches. Some PSA twigs terminated on the 
opposite side (Fig. 8, left). In all the cases but one there were 
the right‑left anastomoses among the PICA dorsal branches, 
occasionally including the PSA twigs (Fig. 8).

The DAs supplied the posterior region of the medulla, 
that is, the gracile and cuneate fasciculi and nuclei, and the 
inferior cerebellar peduncle, as well as the vestibular nuclei 

Fig. 2  A drawing in the anterior view presenting the basilar (1) and 
vertebral arteries (2 and 3), the roots (4) of the ASA (5) and their 
variations in our specimens. Note a typical ASA (A), a hypoplastic 
right (B) or left root (C) (arrow), which can give rise to a common 
stem of the anterolateral or lateral arteries (D) (arrow), a double ASA 

(arrows) interconnected by an anastomotic channel (E) (arrowhead), 
and a singular ASA origin without the anastomosis but with the men‑
tioned opposite stem (F) (arrow) or without the latter stem (G). Also 
note a plexiform ASA origin (H)
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Table 2  Anatomic characteristics of the medullary arteries in 26 right and left specimens

*  The dorsal branches are not included, due to a smaller number of data for statistical analysis
#  Including the common stems

Arteries* Number: 
Range 
(Mean ± SD) 
(Median;
IQR; 95%CI)

Diameter (mm): Range 
(Mean ± SD) 
(Median;
IQR; 95%CI)

Origin: n
(%)

VA ASA
Roots

ASA PERFA ALA LA BA AICA PICA

Anterior spinal (ASA) 1–2 (1.1); 0.36–1.20
(0.62 ± 0.22)
(0.53; 0.22;
0.49–0.75)

/ / / / / / / / /

ASA roots:
right (R)
left (L)

R: 1 (1.0);
L: 0–1 (0.9)

R: 0.21–0.86
(0.51 ± 0.15);
(0.51; 0.12;
0.42–0.60);

/ / / / / / / / /

L: 0.30–0.81 (0.41 ± 0.14)
(0.41; 0.12;
0.33–0.5)

/ / / / / / / / /

Perforating (PerfAs) 4–10
(6.7 ± 1.93)
(6; 3:
5.53–7.86)

0.10–0.52
(0.26 ± 0.09)
(0.2; 0.15;
0.18–0.29)

10
(38.5)

18
(69.3)

26
(100.0)

3
(11.6#)

2
(7.8)

6
(23.1#)

3
(11.6)

0
(0.0)

0
(0.0)

Anterolateral (ALA) 2–10
(4.8 ± 2.42)
(5; 4;
3.31–6.23)

0.10–0.55
(0.20 ± 0.07)
(0.2; 0.15;
0.15–0.24)

5
(19.3)

11
(42.3)

26
(100.0)

26
(100.0)

5
(19.3#)

6
(23).1

7
(27.0)

6
(23.1)

4
(15.4)

Lateral
(LA)

2–4
(2.2 ± 0.56)
(2; 0;
1.82–2.49)

0.26–0.51
(0.31 ± 0.03)
(0.3; 0.04;
0.28–0.33)

13
(50.0)

5
(19.3)

3
(11.6)

4
(15.4#)

1
(3.9#)

2
(7.8#)

1
(3.9)

0
(0.0)

8
(30.8)

Fig. 3  Anterior view of the vertebral and basilar arteries (A), with a 
magnified detail (B) following the displacement of the large arteries 
by a pin. Note a basilar origin of the right PICA, the corresponding 

branches of the vertebral and basilar arteries, including AICA, and an 
anastomotic channel (arrows in B) between a basilar branch (supply‑
ing the medulla) and the twigs within the pontomedullary sulcus
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in the upper medulla (Fig. 4). In addition, they also nour‑
ished the inferior medullary velum, the lateral part of the 
rhomboid fossa and the tela choroidea, including the choroid 
plexus (Fig. 8).

Isolated dorsal medullary infarctions (DMIs) were not 
observed in our patients. However, a dorsolateral ischemic 
lesion was noted in two of them (Fig.  9). In the latter 
patient, who had a right VA occlusion and a left VA ste‑
nosis, a bilateral asymmetric cerebellar infarction was also 
noted in the PICA territory. Both patients displayed a slight 

hemihypesthesia, and touch and proprioceptive sense disor‑
ders, as well as ataxia, vomiting, vertigo and unsteadiness.

Anastomotic channels

One or 2 anastomoses were noted in 42.3% of the anterior 
and anterolateral surface of the medulla. They most often 
involved the PerfAs (30.8%) (Fig. 3B), and rarely the ALAs 
(15.4%) or the LAs (7.8%). They ranged from 0.1 to 0.4 mm 
(mean, 0.3 mm) in diameter. Such connections were also 

Fig. 4  A drawing of a transverse section of the upper medulla 
through the inferior olivary complex to show the extramedullary ves‑
sels, including the vertebral artery, PICA, and roots of the anterior 
spinal artery. Also note the intramedullary branches and its region 
of supply, i.e. the perforating vessels with the paramedian branches 

and their territory (a pink region) and the anterolateral twigs with a 
smaller region (an orange area), the lateral branches and their terri‑
tory (in blue), and the posterior or dorsal twigs and their region (in 
green). (Modified after ref. 29)
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present among the dorsal twigs, particularly as the right‑left 
anastomoses (Fig. 8).

Discussion

There were certain differences between the autopsy individ‑
uals and the clinical patients (Table 1). As for the age of the 
former (61.9 ± 1.8), we selected relatively younger people 
in order to secure brain stems with no disease or disorder. 

An older age of the latter (66.7 ± 8.13) was expected since 
ischemic lesions are more frequent in the older population 
[10, 13, 29]. Although the pre‑autopsy diagnosis was mostly 
related to heart ischemic disease and tumors, there was no 
statistical significance (p = 0.442). It was the same case 
with hypertension (p = 0.261) which was the most frequent 
among the risk factors in our patients. Males predominated, 
which was also shown by other authors [10, 13, 15, 29].

A short anatomy of the parent arteries

The medulla oblongata is mainly supplied by the branches 
of the VA [2, 5, 19, 26, 31]. It averages 21.4–33.2 mm in 
length and 2.85–3.30 mm in diameter [2, 3, 18, 23], which 
is somewhat higher than our results (mean, 2.64 mm). The 
clinically important VA hypoplasia incidence in our study 
(7.8%) is within the reported range (6.5–20.2%) [2, 3, 21, 
23]. Hypoplasia is present even in 58.3% of stroke patients 
[9].

The ASA averaged 0.62 mm in caliber in our study 
(Table 2), which is similar to certain reports, i.e. 0.59 mm 
[19], but slightly smaller than in some others, i.e. 0.7‑ 
0.8  mm [2, 3]. Among the variations, a double ASA 
(Fig.  2E) was noted in 3.9% of our specimens, which 
is less than in some reports (9.2–23.2%) [3, 7, 21, 25]. 
Occasionally, there is a transverse communicating anterior 
spinal artery between the right and left VA, which gives 
rise to one or two ASAs, and which can be an important 
anastomotic channel in the case of a VA occlusion [3, 
23]. The mentioned common stem of the ALAs, LAs and 

Fig. 5  A combined left ante‑
rolateral and an incomplete 
medial infarction (arrows) in the 
axial T2‑weighted MRI scans 
(A and B), and in an axial DWI 
scan (C). Note an MRI angio‑
gram showing an occlusion of 
the right VA, and the athero‑
sclerotic left VA (arrow)

Fig. 6  Lateral (left) view of the vertebral and basilar arteries giving 
off the ASA, the anterolateral and lateral branches, the AICA, PICA, 
and posterior spinal artery
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sometimes the PerfAs (Fig. 2D and F), which arose from 
an ASA vascular root and coursed parallel to the ASA, was 
named as the accessory ASA [21] and the second ASA 
[23]. However, since the common stem is short, there is 
no true ASA duplication.

A sporadic agenesis of the right or left ASA root has 
also been mentioned by other authors [2, 3, 7, 19, 21, 23, 
31]. In these cases, the ASA originated only from one VA 
(Fig. 2F and G), as noted in 7.8% in our study, which is 
similar (9.7–11.1%) to some other findings [7, 21, 23]. As 
for the ASA roots hypoplasia, to our knowledge, it was not 
described in the literature.

The initial part of the BA, along with the AICA, may 
contribute to the supply of the medulla oblongata [2, 6, 19]. 
This was also noted in our specimens (Table 2) (Fig. 3B).

The PICA has a mean diameter of 1.3–2.0 mm [18, 22, 
28]. It most often arises from the VA (85%), and rarely from 
the BA (12.5%) (Fig. 3) [18, 22, 28]. The PICA was divided 
into several topographic segments [5, 18, 22, 28].

The paired PSA more often originates from the VA than 
the PICA [2, 18, 22, 28], as also noted in our specimens, 
but the opposite was mentioned in another report [30]. The 
PSA usually divides into a descending and ascending twig. 
The former twig anastomoses caudally with the posterior 
longitudinal spinal trunk (5, 30). The latter twig courses to 
the inferior cerebellar peduncle and sometimes to the tela 
choroidea [26, 30]. Hypoplasia or an absence of the PSA 
ascending branch, noted in our study, was not mentioned in 
the literature.

Medullary branches anatomy

Of the mentioned parent vessels, the VA and ASA give rise 
to an average of 11 medullary branches of 0.3 mm in size 
and 9.1 mm in length [2]. Important twigs also originate 
from the PICA and PSA [5, 6, 30]. We measured the size of 
various types of medullary branches.

Perforating arteries

These vessels can arise from the VA, the ASA and its roots, 
and rarely from the BA [2, 6, 19] (Table 2). They averaged 
6.7 in number in our specimens, which is almost identical 
(6.5) to some findings [19], and 0.26 mm in diameter, that 
is similar (0.25–0.3 mm) to the data of others [2, 3]. They 
can originate by their own common trunks, or as common 
stems with the ALAs and/or the LAs (Fig. 1). Such com‑
mon stems, which usually course parallel to the ASA, have 
been mentioned but not described in the literature [3, 21, 
23]. In any case, the PerfAs supply the medial region of the 
medulla [6, 26].

Fig. 7  A right lateral medullary infarction (arrows) in the axial T2‑weighted MRI scans (A and B), and in a coronal FLAIR MRI scan (C)

Fig. 8  Posterior (dorsal) view of the medulla oblongata after removal 
of the cerebellum by cutting off its peduncles. Note the rhomboid 
fossa, the inferior cerebellar peduncles, and the left PICA with the 
caudal (a) and cranial loop (b), and the lateral (c) and medial (d) ter‑
minal trunks (cut). Also note the tiny dorsal twigs (arrowheads) and 
a larger common stem of the dorsal medullary, telar, and choroidal 
branches. The right PICA was removed to expose certain branches 
of the right vertebral artery (not visible), including the posterior spi‑
nal artery, and the tiny laterodorsal branches (between the two larger 
arrows). Also note a few anastomoses (smaller arrows) among the 
dorsal branches of the PSA and PICA
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Anterolateral arteries

The ALAs are short and tortuous twigs of the VA, the ASA 
and some other vessels [6, 19, 26]. The ALAs of the PICA 
were also described by some authors [28], and of the AICA 
by some others [2, 6]. The ALAs nourish the anterolateral 
medullary territory [6, 26].

Lateral arteries

The LAs may arise from the VA and PICA [2, 6, 31], and 
less frequently from the ASA and its roots, as noted in our 
study. They supply the lateral region of the medulla (Fig. 4).

Dorsal arteries

They originate from the PICA and the PSA [6, 28, 30]. The 
PICA gives off 3.3 dorsal medullary branches on average, 
and also several branches to the inferior cerebellar peduncle, 
tela choroidea, choroid plexus, inferior medullary velum, 
and adjacent structures (Fig. 8).

The PSA sends 5 dorsal branches on average, with a mean 
diameter of 0.34 mm [5, 30]. The ascending branch was 
hypoplastic or absent in two of our specimens. Its territory 
in these cases was taken over by the terminal twigs of the 
lateral VA branches, and by the PICA dorsal twigs (Fig. 8). 
A bilateral supply of the dorsal surface by a single PCA 
(Fig. 8) seems not to be reported.

Anastomoses

Sporadic anastomotic channels, found in our work, were also 
mentioned by some other authors [2, 6, 19]. In our study, 
they were mainly noted among the PerfAs, ALAs, and the 
LAs on the pyramids and the olives. The anastomoses are 
more frequent among the dorsal twigs of the PICA and PSA, 
as shown in our study and some reports [6, 30].

In general, the anastomotic channels can be useful in 
occlusive cerebrovascular disease, as noted for the ante‑
rior communicating spinal artery which interconnects the 
two VAs [3, 21]. The presence of the anterior and posterior 

Fig. 9  A right dorsolateral 
ischemic medullary lesion 
(arrows) and a bilateral cerebel‑
lar infarction (*) in the axial 
T2‑weighted (A and B) and 
DWI scans (C and D), and in a 
coronal FLAIR (E) and a sagit‑
tal T2‑weighted image (F). The 
ischemic lesions mainly belong 
to the PICA territory
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anastomoses is probably the reason for the rare occurrence 
of medial and dorsal infarctions [11, 13, 15, 16].

However, we revealed only 1–2 anastomoses in 42.3% 
cases on the ventrolateral surface. Although the ASA roots, 
the anterior communicating spinal artery, and the mentioned 
ASA connection with the anterior longitudinal spinal trunk, 
could also take on the role of the anastomotic channels, 
the medullary anastomoses are probably not always ben‑
eficial. The situation is even worse when the anastomoses 
are absent.

The neurologic significance of the anatomic data

The ASA can occasionally arise from one VA, without a 
connection with the opposite VA (Fig. 2F and G) [3, 7, 21, 
25]. If the ASA is occluded, bilateral pyramidal damage is 
possible, which may result in quadriplegia or paraplegia 
[13].

As for the PerfAs that often give off ALAs, their occlu‑
sion may result in both a medial and anterolateral ischemic 
lesion. An occlusion of a PerfA and LA common stem can 
lead to medial and lateral infarctions. Finally, the caudal 
BA perforators can supply the rostral medulla [2, 6, 19] 
(Fig.  3B), so that their occlusion can cause medullary 
ischemia [29].

As regards the anterolateral arteries, the upper ALAs 
from the VA, together with similar twigs of the BA, AICA 
and occasionally PICA, form a vascular network in the oli‑
vary and retro‑olivary area [2, 6]. This is why the inferior 
olivary complex is rarely affected by ischemia [2].

As for the lateral medullary arteries, their occlusion can 
result in lateral infarctions [13, 14]. If an occlusion affects 
an LA which gives off the PerfAs, as noted in our study, a 
combined medial and lateral infarction could be possible.

The dorsal medullary twigs of the PICA and the PSA 
showed right‑left anastomotic channels in our and some oth‑
ers’ specimens [6, 30]. This could be the reason of the rare 
appearance of dorsal medullary infarctions [10, 11, 13, 16]. 
Possible ischemia could affect the ipsilateral, but also some 
contralateral medullary structures (Fig. 8).

In most of our patients there was a VA stenosis or occlu‑
sion, as also noted in other reports [13, 29]. This causes a 
hypoperfusion of the medulla and a resulting ischemia. In 
general, if an infarction corresponds to the supplying region 
of a medullary artery, the usual cause of such an ischemia is 
small vessel disease, artery‑to‑artery embolism, or an ath‑
eromatous occlusion of its orifice [10, 13, 14].

Medial medullary infarction

Pure MMIs were not diagnosed in our small group of 
patients, since they occur very rarely [15, 29]. If an entire 
perforating artery is occluded (Fig. 4), hemiparesis with arm 

predominance can appear [29]. Supranuclear palsies (lesion 
of the corticobulbar fascicles) are also possible, and touch 
and proprioceptive sense disorders (lesion of the medial lem‑
niscus), lingual paresis (damaged hypoglossal nucleus), and 
occasionally gaze disturbances (lesion of the MLF, or the 
nucleus prepositus) [13, 15, 29].

Anterolateral medullary infarction

The ALMI, which is also rare, can be caused by an ALA 
occlusion [13, 29]. The main symptoms are commonly 
hemiparesis with leg predominance and some supranuclear 
palsies, and occasionally a peripheral hypoglossal nerve 
paresis.

Lateral medullary infarctions

The LMI occurred in 72.8% of our patients, which is within 
the reported range of 54.9–78.0% [13, 14, 29]. Sensory 
disorders appeared in over 90%, due to damage of the spi‑
nothalamic tract (contralateral hypesthesia of the body), and 
the spinal trigeminal nucleus and tract or the trigeminotha‑
lamic tract (facial hemihypesthesia). Supranuclear palsies 
can occur, e.g. dysarthria, dysphagia, and facial paresis 
(lesion of the nucleus ambiguus, or the corticobulbar tract), 
and ataxia (damage to the spinocerebellar tracts), as well 
as Horner’s syndrome (a lesion of descending sympathetic 
fibers) (Fig. 4). Ischemia can also affect the vasomotor and 
respiratory centers [13, 14, 29]. Most of the mentioned signs 
are known as Wallenberg’s syndrome [13, 14].

Dorsal medullary infarctions

No pure DMIs appeared in our patients, though they did 
emerge in combination with LMIs in two patients. A pure 
infarction is caused by compromised blood flow through the 
dorsal medullary branches of the PICA and PSA, which are 
anastomosed in many cases [6, 30]. This is probably why 
DMIs occur in only 1.6–16.0% [11, 13, 16]. In any case, 
damage to the gracile and cuneate nuclei results in dimin‑
ished tactile discrimination, as well as a proprioceptive and 
vibration sense. Lesion of the vestibular nuclei or the infe‑
rior cerebellar peduncle leads to vertigo, nystagmus, ataxia, 
and unsteadiness [11, 16, 29].

Neurosurgical significance

First of all, a diseased VA and its branches, or the adja‑
cent pathologic processes, must be reached by corre‑
sponding surgical approaches. This can be done by cer‑
tain transclival approaches, e.g. by various modifications 
of the transoral, transnasal, transsphenoidal, and anterior 
cervical routes [5, 8].
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As for lateral approaches, transmastoid techniques can 
be applied, but rarely retrolabyrhintine and translabyrin‑
thine, and often the retrosigmoid and the simple, mid‑
lateral, far‑lateral, or extreme lateral approach, including 
occasionally the retrocondylar, transcondylar, and transtu‑
bercular routes [8, 24, 27].

Among the posterior routes, midline and paramedian 
suboccipital approach are often used [5, 8, 22, 30]. In this 
approach, neurosurgeons can access the dorsal and lateral 
medullary surface, PICA, and the 4th ventricle through 
the cerebellomedullary fissure and the intertonsillar route, 
without vermian splitting [8, 22, 28]. Finally, endoscopic 
surgery is also applied in some patients [4].

As regards the vascular pathology, an atherosclerotic 
stenosis, dissection, occlusion, or artery‑to‑artery embo‑
lism of the VA and some branches can appear [13, 14, 
29], as noted in some of our patients. Stenting can be per‑
formed in many of these cases, as well as endarterectomy, 
angioplasty, or various bypass procedures [8, 20].

Aneurysms of the VA, PICA, ASA or PSA can also be 
present [17, 22, 24, 27, 31], whilst some of the mentioned 
vessels or their branches are occasionally the feeding 
arteries of certain arteriovenous malformations (AVM) or 
fistulas [8, 32]. The AVMs and aneurysms can be treated 
surgically, by clipping, trapping, and resection [8, 24, 27, 
31], or by various methods of endovascular embolization 
[1, 12, 17, 22, 25].

Care must be taken during surgical and neuroradiologic 
interventions to preserve the orifices of the important VA 
medullary branches, and also the parent vessels themselves, 
in order to avoid medullary infarction occurrence [1, 3, 
12, 25]. Neurosurgeons should have in mind the following 
facts. First, commonly just a few small‑sized medullary 
anastomoses are present on the anterior and lateral surface 
in some specimens. It means that most of the anastomoses 
are not a fully reliable source of the collateral circulation 
in the case of a vascular occlusion. Second, the anastomo‑
ses are absent among the intramedullary twigs. Third, if a 
small anterior or anterolateral superficial medullary artery 
is damaged, only mild hemiparesis or monoparesis will 
appear [13]. However, when a common stem of the per‑
forating arteries is damaged, hemiplegia and supranuclear 
paresis will occur. If a PerfA, ALA and LA common trunk 
is damaged, the resultant ischemia will also affect a part of 
the lateral territory, which will add hemihypesthesia to the 
mentioned symptomatology [10, 13, 29].

Accordingly, we have only one recommendation to neu‑
rosurgeons: a careful inspection of the operating field, the 
identification of such a common stem and other medullary 
vessels, an estimate of their relationship with the lesion to 
be operated on, and an attempt to avoid an iatrogenic injury 
of these vessels.

Conclusions

The medulla oblongata is supplied by the perforating, 
anterolateral, lateral, and dorsal branches, which are occa‑
sionally interconnected by anastomotic channels. Their 
morphometric characteristics and region of supply can 
explain the symptomatology of the medial, anterolateral, 
lateral, and dorsal medullary infarctions. They are also the 
basis for medullary branches preservation during surgical 
and endovascular interventions.
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Comments 

This is a very interesting study that showed clinical and imagenological 
correlation of anatomical findings in the compromise of the medulla 
oblongata arterial irrigation. The authors used specimen injection 
to show the different and more frequent patterns of the irrigation 
of this portion of the brainstem. Moreover, they correlate the 
MRI findings in a small clinical series of patients with medullary 
infarctions with the anatomical data obtained in the study. This data 
and the very clear figures of the paper are very useful in order to 
understand the more frequent ischemic findings in the medulla oblongata 
imaging in the specific occlusion of the vessels in this vital region. 
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