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PERSISTENT MEDIAN ARTERY AS A CAUSE OF CARPAL
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THE INDISPENSABLE ROLE OF ULTRASONOGRAPHY
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Abstract. Carpal tunnel syndrome (CTS) stands as the most common entrapment neuropa-
thy. The PMA, a transient embryonic vessel, is found in approximately 3-7% of the popula-
tion, yet it is extremely rare to present as a possible symptomatic space-occupying lesion
or a source of pulsatile compression within the carpal tunnel. Herein, we report a case of
a 66-year-old female with CTS together with large PMA, surgically treated by simple open
carpal tunnel release. Following meticulous surgical decompression and preservation of the
artery in situ, the patient achieved complete symptomatic relief. Post-operative high-resolu-
tion sonography was utilized to confirm the vascular anomaly and document the successful
decompression. This case underscores a critical diagnostic dilemma in orthopedic surgery:
performing a blind carpal tunnel release in the elderly without prior imaging carries an inher-
ent danger, as failure to detect such a variant preoperatively risks iatrogenic vascular injury.
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INTRODUCTION

Carpal Tunnel Syndrome (CTS) is the most
common entrapment neuropathy, usually
caused by a volume-pressure mismatch in
the tight carpal tunnel [1]. Inflammatory changes
and repetitive strain cause most cases, but structural
anomalies account for a few [2, 3]. Missing these

anomalies can cause serious risk during surgery [4].
The persistent median artery (PMA) is a remnant

vessel from development that crosses the carpal tun-
nel, lying superficial to the median nerve (MN). PMA
appears in up to 7% of people [5], but rarely causes
CTS by chronic pulsatile compression [6], acute
thrombosis [7], or in combination with nerve varia-
tions like a bifid MN [8, 9, 10].

This case report describes treating a 66-year-old patient
in whom a large PMA was unexpectedly found during
open carpal tunnel release. The large diameter of the
PMA may have contributed to CTS. Despite an excellent
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surgical outcome, this case underscores the significant
surgical risk when high-resolution imaging is not used.

CASE REPORT

A 66-year-old right-hand dominant female presented to
our clinic with an 18-month history of progressive right-
hand symptoms. She reported severe nocturnal pares-
thesias that woke her 3-4 times nightly, pain radiating
from the wrist to the forearm, and numbness corre-
sponding to the MN distribution. Symptoms were tran-
siently relieved by the Flick sign. Conservative manage-
ment, including night splinting and NSAIDs, had failed
to provide lasting relief. Physical examination elicited a
positive Tinel's sign at the wrist and a positive Phalen’s
test (symptoms reproduced within 30 seconds). Mild
hypotrophy of the thenar musculature was noted. The
patient's subjective severity was quantified using the
Bulgarian version of the Boston Carpal Tunnel Ques-
tionnaire (BCTQ) [11] prior to surgery, which revealed
a Symptom Severity Scale (SSS) score of 3.8/5.0 and
a Functional Status Scale (FSS) score of 3.1/5.0, con-
firming severe symptoms and moderate functional limi-
tations. Electrodiagnostic studies confirmed a moder-
ate-to-severe MN neuropathy at the wrist, marked by
prolonged distal sensory and motor latencies. Due to
the severity of her condition and the failure of conserva-
tive treatment, surgical decompression was indicated.
An open carpal tunnel release was performed under re-
gional anesthesia. Upon incision of the transverse car-
pal ligament, a patent, non-thrombosed, large-caliber
PMA was unexpectedly exposed, lying radial to the MN
(Figure 1). The MN itself appeared moderately swol-
len and displayed a distinct hourglass-like indentation
at the site of compression. The PMA was meticulously
preserved in situ, requiring careful release of all con-
straining fibrous attachments. Full decompression of
the MN from the transverse carpal ligament and from
any potential pulsatile compression was successfully
confirmed. The patient reported an immediate, com-
plete resolution of her nocturnal symptoms. At the six-
week follow-up, she remained free of residual paresthe-
sias. Physical examination showed a negative Phalen’s
sign and a resolving Tinel's sign. Postoperative BCTQ
scores documented a clinical improvement- SSS of
4.6/5.0 and FSS of 4.2/5.0. High-resolution ultrasonog-
raphy was performed postoperatively as a confirmatory
measure to document the rare anatomical variant and
ensure vascular patency. Sonography at the level of the
pisiform demonstrated a thickened MN and clearly visu-
alized the patent PMA (Figure 2a,b), confirming its posi-
tion radial to the nerve. Color Doppler confirmed robust
patency and flow within the PMA (Figure 2b,c). The
contralateral hand was operated on due to CTS before
the year; the sonography revealed no PMA (Figure 1c).

Fig. 1. Intraoper-
ative imaging of
PMA (asterisk)

Fig. 2. Ultrasonography presented a thickened MN (a) and
clearly visualized the PMA (b); color doppler confirmed ro-
bust patency and flow within the PMA on the left side and
its absence of the contralateral left hand (c)
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DISCUSSION

PMA as a predisposing structural factor

The accidental discovery and successful manage-
ment of an unexpected patent PMA during this other-
wise routine procedure offer several key lessons. The
most urgent takeaway is the high risk introduced by
performing a blind release when a highly vulnerable
vascular anomaly could be the true causative lesion.

While current literature tends to focus on acute
symptomatic PMA caused by thrombosis, typically in
younger, highly active patients [19, 7], the presenta-
tion in our 66-year-old patient points strongly to the
artery acting as a predisposing structural factor. Its
chronic pulsatile compression became symptomatic
only when compounded by age-related factors, spe-
cifically the reduced elasticity of the nerve and the
non-compliant transverse carpal ligament, which in-
creased the MN's susceptibility to chronic compres-
sion (Table 1).

Anatomical variants function as predisposing factors
by occupying space and diminishing the functional
volume of the carpal tunnel. As articulated by Geor-
giev et al. [12, 13], the simple presence of a variant
structure — such as an accessory muscle or vessel —
does not guarantee entrapment; rather, it drastically
increases the nerve‘s vulnerability to compression
when combined with secondary factors like edema,
inflammation, or the reduced tissue compliance com-
monly observed in older patients [12, 13]. Given the
complex etiology of CTS, a comprehensive examina-
tion for such underlying structural factors is essential
[14, 15, 25].

The PMA, simply by occupying fixed space and pul-
sating, provided that critical structural element. This
chronic pulsatile mechanism has been well-document-
ed in earlier non-thrombotic PMA case series [6].

The spectrum of anatomical variants is broad and
extends beyond just vascular structures. Muscular
anomalies, including the reversed palmaris longus
(RPL) or a variant abductor digiti minimi, can physi-
cally encroach upon the critical space or induce fric-
tion, contributing to MN or ulnar nerve compression
[16, 17]. Georgiev and Jelev [18] described a rare
coexistence of a variant abductor digiti minimi and
an RPL, demonstrating how multiple anomalies can
predispose a patient to dual nerve entrapment. The
clinical risk posed by these soft tissue variants par-
allels that of the PMA: preoperative misidentification
can lead to an unaddressed root cause or inadver-
tent surgical injury. This unified view of variant etiol-
ogy — be it vascular or muscular — strongly mandates
a comprehensive diagnostic protocol [14, 25].

The excellent clinical outcome, achieved solely
through surgical release and meticulous preservation
of the patent PMAin situ, is noteworthy. The success-
ful result confirms that releasing the transverse car-
pal ligament was the definitive therapeutic maneuver.
This outcome suggests that simple decompression
of the confining tunnel is sufficient to treat chronic
pulsatile compression, negating the need for com-
plex transposition or excision when the artery is pat-
ent and non-aneurysmal. This conservative surgical
approach is aligned with case reports where simple
decompression was enough, even in the presence
of this anomaly [4, 19]. Placing this case within the
framework of anatomical variants, including the RPL
[16, 17] and accessory slips, highlights that the ortho-
pedic surgeon must maintain a broad perspective on
structural etiology [14, 25, 18]. Any space-occupying
or friction-inducing variant must be identified preop-
eratively for safe and definitive treatment. In Table 1,
we briefly present different anatomical variations that
are enrolled as predisposing factors for CTS.

Table 1. Anatomical variations as predisposing factors for

CTS
Vascular PMAT6, 7, 21] Chronic pulsatile compres-
sion (patent artery); acute
mass effect (thrombosis or
aneurysm); high iatrogenic
risk (laceration during blind
surgery).
Neural Bifid or trifid MN, Motor | Increases total neural tis-
branch variations [8, 10] |sue volume in fixed space
(volume-pressure mis-
match); can lead to internal
mechanical constraint.
Tendinous/ | RPL, accessory lumbri- | Mass effect due to occupy-
Muscular | cal muscle, variant ab- | ing space; dynamic friction
ductor digiti minimi slips, | or localized pressure during
palmaris profundus [14, |wrist/finger movement.
16, 18]

The indispensable role of ultrasonography

The presence of a patent PMA poses a severe surgi-
cal challenge. Performing a standard or simple open
surgical release without prior knowledge of this ves-
sel places it at high risk of iatrogenic transection,
which could lead to massive bleeding or distal hand
ischemia [4, 20].

Our case forcefully illustrates the inherent risk cre-
ated by the omission of preoperative ultrasonography
in the diagnostic pathway. While electrodiagnostic
studies confirmed the existence and severity of the
neuropathy, they failed to establish the underlying
structural cause, which is paramount for surgical
planning.
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The ability of high-resolution ultrasonography is
unique: it not only confirms nerve swelling but also
directly visualizes the PMA and confirms its patency
[21, 23]. Its utility extends to revealing subtle func-
tional changes and precisely localizing the structural
conflict [14]. Preoperative ultrasound would have
provided the surgeon with the critical knowledge
needed for:

e Planning a modified, safer incision [20].

e Formulating a predefined plan for preservation
rather than a reactive, potentially dangerous intra-
operative decision.

e Avoiding iatrogenic injury to this vessel, which
could otherwise lead to hand ischemia.

Beyond safety, preoperative ultrasound offers prog-
nostic value. Specific sonographic findings, such as
the cross-sectional area and nerve mobility, correlate
with the anticipated therapeutic response [23, 24].
In our case, identifying a patent PMA before surgery
would have enabled the safest execution of the re-
lease and preservation technique. The continued
use of ultrasound post-operatively confirmed the suc-
cessful decompression and the vascular status of the
preserved artery, validating the surgical outcome.

The current medical literature, including recent Bul-
garian contributions, strongly supports a methodical
approach to CTS diagnosis and surgical anatomy
[25]. Comprehensive reviews underscore the es-
sential need for clinicians to be fully versed in the di-
verse structural and neural variants that complicate
the carpal tunnel, emphasizing that this knowledge
is foundational to safe operative management [25].
Furthermore, a strong diagnostic index should be
maintained for structural causes, especially in cases
presenting a history suggestive of compression or
non-response to conservative therapy [15].

CONCLUSION

Large PMA is a rare and hazardous anatomical vari-
ant that should be proactively excluded in patients with
CTS. Due to the significant diameter of PMA, it could
be speculated as a possible factor for CTS. This case,
despite being successfully managed through release
and preservation without transposition, serves as a
powerful cautionary tale: the failure to perform preop-
erative high-resolution ultrasonography in CTS expos-
es the patient to unnecessary risk of major vascular
complications during routine carpal tunnel release.
Preoperative imaging remains the only non-invasive
tool that guarantees the safe and planned manage-
ment of this critical vascular anomaly.

Conflict of interest: The authors declare that they have no
competing interests.

Funding: The authors did not receive any financial support
from any organization for this research work.

Ethical statement: This study has been performed in ac-
cordance with the ethical standards as laid down in the
Declaration of Helsinki.

Consent for publication: Consent form for publication
was signed by the patient and collected.

REFERENCES

1. Padua L, Coraci D, Erra C, et al. Carpal tunnel syndrome:
Clinical features, diagnosis, and management. Lancet
Neurol, 2016, 15(12):1273-1284. doi: 10.1016/S1474-
4422(16)30231-9.

2. Felix YA, Pistilli VH, Rezende LG, et al. Persistent median
artery and carpal tunnel syndrome: a retrospective study. Rev
Bras Ortop, 2024, 59(6):e895-6900. doi: 10.1055/s-0044-
1785657.

3. Feldkamp MM, Gentili F, Hudson AR, et al. A persistent
median artery causing carpal tunnel syndrome in a patient
with chronic renal failure: case report. Neurosurgery, 1995,
37(1):140-143. doi: 10.1227/00006123-199507000-00023.

4. Lisanti M, Rosati M, Pardi A. Persistent median artery in car-
pal tunnel syndrome. Acta Orthop Belg, 1995, 61(4):315-318.

5. Singla RK, Kaur N, Dhiraj GS. Prevalence of the persistant
median artery. J Clin Diagn Res, 2012, 6(9):1454-7. doi:
10.7860/JCDR/2012/4218.2531.

6. Mauersberger W, Meese W. Carpal tunnel syndrome caused
by the persistence of the median artery. Neurochirurgia
(Stuttg), 1975, 18(1):15-19. doi: 10.1055/s-0028-1090424.

7. Burnham PJ. Acute carpal tunnel syndrome: Median artery
thrombosis as cause. Arch Surg, 1963, 87(4):645-646. doi:
10.1001/archsurg.1963.01310160107020.

8. Yildizgoren MT, Ucar C. Carpal tunnel syndrome result-
ing from persistent median artery and bifid median nerve:
The critical role of ultrasonography. Cureus, 2024, 16(2),
e€54551. doi: 10.7759/cureus.54551.

9. Salter M, Sinha NR, Szmigielski W. Thrombosed persistent
median artery causing carpal tunnel syndrome associated
with bifurcated median nerve: A case report. Pol J Radiol,
2011, 76(2):46-48.

10. Georgiev GP, Slavchev SA, Dimitrova IN, et al. Bifid median
nerve in the Bulgarian population: an anatomical and clini-
cal study. Adv Anat, 2015, Article ID 191749, 4 pages. doi.
org/10.1155/2015/191749

11. Karabinov V, Slavchev SA, Georgiev GP. Translation and vali-
dation of the Bulgarian version of the Boston Carpal Tunnel
Questionnaire. Cureus, 2020, 12(10):e10901. doi: 10.7759/
cureus.10901.

12. Georgiev GP. Nerve entrapment vs. possible nerve en-
trapment in terms of meticulous description of potential
possibility of nerve compression by variant anatomi-
cal structures in cadaver cases. Morphologie, 2020,
104(346):193-195. doi: 10.1016/j.morpho.2021.01.003.

13. Georgiev GP. Re: Wang CK, Ng CY. Accessory flexor
carpi ulnaris: a rare cause of distal ulnar nerve com-

Persistent median artery as a cause of carpal tunnel syndrome?... 58



14.

15.

16.

17.

18.

19.

59

pression. J Hand Surg Eur, 2021, 46(9):1014-1016. doi:
10.1177/1753193420943050.

Georgiev GP, Karabinov V, Kotov G, et al. Medical ultrasound
in the evaluation of the carpal tunnel: a critical review. Cureus,
2018, 10(10):e3487. doi: 10.7759/cureus.3487.

Karabinov V, Georgiev GP, Haralanov L. Bilateral carpal tun-
nel syndrome — what should we know? A brief overview. Prae-
medicus since 1925, 2025, 43(1):34-38.

Georgiev GP. Reversed palmaris longus muscle a popular
object of anatomical and surgical studies and some misde-
scriptions. Surg Radiol Anat, 2020, 42(2):297-8. doi: 10.1007/
s00276-020-02424-8.

Slavchev SA, Georgiev GP. Aberrant abductor digiti minimi
muscle found during open surgical decompression of the car-
pal tunnel: case report. Rev Arg Anat Clin, 2013, 5(2):88-91.
Georgiev GP, Jelev L. Unusual coexistence of a vari-
ant abductor digiti minimi and reversed palmaris longus
and their possible relation to median and ulnar nerves
entrapment at the wrist. Rom J Morphol Embryol, 2009,
50(4):725-727.

Butt J, Ahluwalia AK, Dutta A. Incidental finding of a persistent
median artery (palmar type) during a routine carpal tunnel

20.

21.

22.

23.

24.

25.

decompression: A case report. Ann R Coll Surg Engl, 2017,
99(8):204-e205. doi: 10.1308/rcsann.2017.0088.

Levy M, Pauker M. Carpal tunnel syndrome due to throm-
bosed persisting median artery: A case report. Hand,
1978;10(1):65-68. doi: 10.1016/s0072-968x(78)80028-x.
Gassner EM, Schocke M, Peer S, et al. Persistent median
artery in the carpal tunnel: color Doppler ultrasonographic
findings. J Ultrasound Med, 2002, 21(4):455-61. doi: 10.7863/
jum.2002.21.4.455

Wong SM, Griffith JF, Hui A C, et al. Carpal tunnel syndrome:
diagnostic usefulness of sonography. Radiology, 2004,
232(1):93-9. doi: 10.1148/radiol.2321030071.

Kim JY, Yoon JS, Kim SJ, et al. Carpal tunnel syndrome:
clinical, electrophysiological, and ultrasonographic ratio after
surgery. Muscle Nerve, 2012, 45(2):183-188. doi: 10.1002/
mus.22264.

Georgiev GP, Karabinov V. Mini incision carpal tunnel re-
lease. Compt Rend Acad Bulg Sci, 2023, 76(2):309-315. doi.
org/10.7546/CRABS.2023.02.16.

Georgiev GP, lliev A, Kotov G, et al. Surgical anatomy of the
carpal tunnel. The Bulgarian contribution. Med Rev, 2019,
55(2):22-27.

A. Al-Sadek, L. Gaydarski, G. Varbanov et al.



