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Anatomical Variations of Venous Patterns in the Dorsum of
the Hand and Beginning of the Cephalic Vein in Live Sudanese

Variaciones Anatomicas de los Patrones Venosos en el Dorso
de la Mano e Inicio de la Vena Cefalica en Sudaneses Vivos
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SUMMARY: Detailed anatomical knowledge of the dorsal hand veins and the beginning of the cephalic vein (CV) will help
ensure safe venipuncture in many clinical applications. This study aims to evaluate the anatomical variation of venoas pgatterns
dorsum of the hand, the beginning of the CV, and its relationship to the radial styloid process in living Sudanese. fietadairgesl
veins (DMVs) of the hand and the beginning of the CV were studied in 440 healthy hands, 240 (54.5 %) males and 200 (45.5 %)
females, between January and April 2024, using a tourniquet and a digital camera. Two methods were adopted to identify venous
patterns, the course of most visible DMVs, and the communications between them. Five different types of venous patterns were
observed; the most common pattern was type Il (34 %) followed by type Il (29.5 %), while type VI (2.5 %) was less obseeved. Th
were no statistical differences between venous patterns and sex or between the right and left sides of the body sideg4$-30.05.

%) of males and (46.2 %) of females, the CV was found begins at the confluence of the first dorsal metacarpal vein witt.the sec
In (76.6 %) of males (and 78.5 %) of females, the CV was found runs posterior to the radial styloid process. The secahd and thi
DMVs have participated in the formation of most venous patterns. The union of the first with second DMVs considered the best po
for determining the beginning of CV. A higher incidence of CV location posterior to the radial styloid process is consid&xele a

point to find this vein during venipuncture.
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INTRODUCTION

Upper limb veins are the first choice forand cardiac catheterization, (Matsia@l, 2017; Standring,
venipuncture in many clinical practices. The dorsal veir&)20). The main superficial venous groups of the upper limb
of the hand and the beginning of the cephalic vein (CWhich are used for clinical practice, are the dorsal hand
are considered a major component of health care fégins, cephalic, basilic, and median cubital veins (Matsuo
patients and medical staff. Venipuncture of these veig¢al, 2017; EImegarhet al, 2018; Standring, 2020).
seems simple, but needs good anatomical knowledge
(Salametet al, 2019; Mukaiet al., 2020). The dorsal veins of the hand are a group of

superficial veins that lie in subcutaneous tissues on the

Venous blood from the upper limb is returned te@lorsal aspects of the metacarpal bones (Ketigh, 2015;
the heart through two groups, venous deep and superficilvari et al, 2019; Standring, 2020). The dorsal hand veins
The deep groups found under the deep fascia and (l#MV) are formed at the distal ends of the metacarpal
closely related to the arteries, while the superficial group®nes by connections of the digital dorsal veins of the
are found under the skin. The superficial venous groupsféfgers. In most cases, these veins connect with each other,
the upper limbs are variable in number, positiorforming various patterns in the dorsal aspect of the hand
connection, and pattern (Moogeal, 2018; Snell, 2019). (Kamedaet al, 2018). The dorsal hand veins then drain
The superficial venous groups of the upper limbs use ftto the cephalic and basilic veins (Tiwat al, 2019;
various clinical purposes such as venipuncture, transfusidgeet al, 2019).
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The CV is arises from the lateral aspect of the dorsBfocedures: Participants were placed in a comfortable and
veins of the hand, then ascends upward in the subcutanemlaxing position. The hands were placed in a prone position
tissue proceeding along the lateral margin of the wrist, behiod a flat table and exposed. The tourniquet was applied about
the radial styloid process, is longitudinally on the laterd to 4 centimeters above to the radial styloid process and tied
margin of the forearm, in the arm between the deltoid arshough to occlude the veins, but allowed arterial blood to pass
the major muscles of the pectoralis along the deltopectotalthe hand. When the veins became visible, their courses were
groove, then enters the clavipectoral triangle, pierces the deérgred in the metacarpal spaces and then classified into five
fascia to join the upper part of the axillary vein below thenain groups based on their connections as follows:
clavicle (Vialleet al, 2001; Yeriet al, 2009; Mooreet al,

2018; Salametlet al, 2021). At elbow level, the CV « Type I: the dorsal hand veins were found to be connected

communicates with the median cubital vein (Cerda & delto form a network-shaped venous pattern.

Sol, 2015; Kamedeat al, 2018). CV drains the venous bloode Type II: The dorsal hand veins were found to be connected

of the lateral parts of the hand, forearm and arm ando form a W-shaped venous pattern.

communicates along its course with the basilic vein (Matsudype IlIl: the dorsal hand veins were found to be connected

et al, 2017; Sadegkhet al, 2017). It is often visible under to form a C- or curve-shaped venous pattern.

the skin throughout its course and runs constantly beyondlype IV: the dorsal hand veins were found to be connected

the styloid process of the radius in most people (Mebre to form an H-shaped venous pattern.

al., 2018; Standring, 2020). * Type V: the dorsal hand veins were found to be connected
to form a Y-shaped venous pattern

In many clinical practices, dorsal hand veins and theType VI: the dorsal hand veins were found to be connected
beginning of CV are commonly the choice for venipunctureto form a tree-shaped venous pattern.

(Pireset al, 2019; Mukakt al, 2020). Several studies have

shed light on these veins in different populations, but still The beginning of the CV and its relation to the
there is little information about their anatomical variationsstyloid process of the radius were also observed. The photos
therefore, detailed anatomical information about these veingere then taken about 1 to 2 minutes after the tourniquet
will help ensure safe venipuncture in many clinica@pplication, using a mobile phone camera. Images were
applications. Therefore, the anatomical variations of thearefully analyzed and grouped according to the vein pattern
venous patterns of the dorsal hand veins, the beginningaddfserved. Data Analysis: Data were analyzed using SSPS16
the CV, and its relations to the radial styloid process wesaftware, and frequencies, percentages, and P-values were
studied in live Sudanese: for performing safe venipunctureaken.

MATERIAL AND METHOD RESULTS

This cross-sectional observational study was The participants included in this study were 220 adult
conducted between January and April 2023, in Khartouwolunteer Sudanese subjects, aged 20 to 70 years (mean age,
States, Sudan, in 220 healthy volunteer adult Sudaneske7+ 2.13 standard deviation), of whom, 120 (54.5 %) were
participants, their ages ranged between 20 to 80 years attkn and 100 (45.5 %) were women. Out of all 440 examined
The procedures were performed in both hands and the digtahds, 240 (54.5 %) were males, and 200 (45.5 %) were
part of the forearm, at room temperature and in good ligiemales. Four hundred hands were included, 214 (58.6 %)
using a tourniquet and a digital camera. A total number afere males and 186 (42.4 %) were females. Forty hands
260 hands, 130 men and 100 women were examined. Hamdse excluded, 26 (5.9 %) were males and 14 (3.2 %) were
with injuries, scars, burns, edematous, and infections wemmales, due to complex patterns, small size or unclear veins
excluded. Participants were informed in detail about th@able 1). Of all included hands, 192 (48.0 %) were right

procedure and signed written consent. and 208 (52.0 %) were left. (Table I).
Table I. Numbers and frequencies of the hands of both sexes.
Characteristics No. of subjects Number of examined No. of hands Number of excluded
(%) hands (%) included(%) hands (%)
Sex Male 120 (54.5 %) 240 (54.5 %) 214 (58.6 %) 26 (5.9 %)
Female 100 (45.5 %) 200 (45.5 %) 186 (42.4 %) 14 (3.2 %)
Total 220 (100 %) 440 (100 %) 400 (90.9 %) 40 (9.1 %)
Hand Right 220 (50.0 %) 192 (48.0 %)
Left 220 (50.0 %) 208 (52.0 %)
Total 440 (100 %) 400 (100 %)
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It was found during the observation of the dorsalas the least common, found in 4 (1.9 %) males and 6 (3.2
aspect of the hand that the veins showed different patterfs). females, in this type, the second, third, and fourth DMVs
Type | was found in 28 (13.1 %) males and 26 (14.0 %)ere connected with the dorsal metacarpal vein forming a
females; in this type, the second, third, and fourth DMVigenous pattern in the form of a Tree shaped on the dorsal
are connected by different intravenous connections that foampect of the hand (Fig. 1F). During observation of the DMVs
avenous pattern in the form of a network, in the dorsal aspectthe dorsal aspect of the hand, the most visible veins were
of the hand (Fig. 1A). Type Il was found in 64 (29.9 %}he second and third.
males and 54 (29.0 %) females, in this type, the second,
third, and fourth DMVs were connected, forming a venous In males, the most common venous patterns observed
pattern in the form of a W-shaped, on the dorsal aspectwére Type Il (35.5 %) followed by Type Il (29.9 %), while
the hand (Fig. 1B). Type Ill was found in 76 (35.5 %) malesypes |, IV and V were (13.1 %, 14.0 %, and 5.6 %)
and 60 (32.3 %) females, in this type, the second and thimekspectively, and Type VI (1.9 %) was less observed. In
DMVs were connected, forming a venous pattern in the formmomen, the most observed patterns were type 111 (32.3 %)
of a C-shaped or arch, on the dorsum of the hand (Fig. 1 @llowed by type Il (29.0 %), while type I, IV, and V were
Type IV represented 30 (14.0 %) males and 22 (11.8 %0)4.0 %, 11.8 %, and 9.7 %) respectively, type VI (3.2 %)
females, in this type, the second and third DMVs wenas less observed. Regarding the body side, type Il (33.3
connected by a transverse vein that forms a venous pattéhand type 1V (31.3 %) were more observed in the right
in the form of H, in the dorsal aspect of the hand (Fig. 1 Diand, type | (33.8 %) and type V (36.5 %) were more
Type V represented 12 (5.6 %) males and 18 (9.7 %) femalebserved in the left hand, while type VI was less observed
in this type, the second and third DMVs were connected iatboth hands (1.0 %) (Table Il). There were no statistical
the level of the wrist, forming a venous pattern in the formifferences between venous patterns and sex or the sides of
of a Y-shaped, on the dorsum of the hand (Fig. 1 E). Type tHe right and left body sides, (p>0.05) (Table II).

Fig. 1. Photographs of the dorsum of the hand, showing different superficial venous patterns of the hand. (A) Left-haodi$rand sh
DMVs run randomly forming a network-shaped venous pattern on the dorsal aspect of the hand. (B) Left-hand shows thedecond, thi
and fourth DMVs connected, forming a W-shaped venous pattern on the dorsal aspect of the hand. (C) The right hand shodis the sec
and 4th DMVs connected, forming a C-shaped venous pattern on the dorsal aspect of the hand. (D) Right hand shows the second and
fourth DMVs connected, forming an H-shaped venous pattern on the dorsal aspect of the hand. (E) Right hand shows thettiecond and
DMVs connected forming a Y-shaped venous pattern on the dorsal aspect of the hand. (F) Right hand shows the 2nd, 3kYand 4th D
connected, forming a tree-shaped venous pattern on the dorsal aspect of the hand.
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Table II. Patterns of dorsal hand veins in both sexes (N= 400 hands).

Characteristics Patterns of drsal hand veins(Frequency & Percentage)
Type | Type Il Type llI Type IV Type V Type VI Total P-value
Sex Male 28(13.1 %) 64(29.9 %) 76(35.5%) 30(14.0 %) 12(5.6 %) 4(1.9 %) 214(100 99).3012
Female 26(14.0 %) 54(29.0 %) 60(32.3%) 22(11.8 %) 18(9.7 %) 6(3.2 %) 186(100 %)
Body Right hand 24(12.5 %) 14(7.3 %) 64(33.3%) 60(31.3%)  28(14.6 %) 2(1.0 %) 192(100 %)1501
side Left hand 70(33.8 %) 22(10.5%)  22(10.5 %) 16(7.7 %) 76(36.5 %) 2(1.0%) 208(100 %)

The beginning of CV was found in both sexes, if males and (4.3 %) of females from the connection of the
(5.6 %) of males and (9.8 %) of females from the laterakcond with the third DMV (Fig. B2). The relationship of
limb of the dorsal venous arch of the hand (Fig. A2, TablgV to the styloid process of the radius of the radius was
1), in (29.4 %) of males and (21.5 %) of females from théound in both sexes, (76.6 %) of males, (78.5 %) of females,
first dorsal metacarpal vein (Fig. B1), in (15.9 %) of maleposterior to the styloid process (Figs. Al, 2), (23.4 %) of
and (18.3 %) of females from the second dorsal metacarpadles, (21.5 %) of females on the laterally to styloid process
vein, in (45.3 %) of males and (46.2 %) of females from th&igs. B1, 2), but CV was not found to pass anterior to the
connection of the first with the DMV (Fig. Al), in (3.7 %) styloid of the radius in males or females.

Table Ill. Cephalic vein, beginning and location to the radial styloid process (N= 400 hands).

Characteristics Variations Males Females
(No. & %) (No. & %)
From the lateral limb of the dorsamwousarch 12 (5.6 %) 18(9.8 %)

beginning of the cephalic vein From the first dorsal metacarpal vein
From the second dorsal metacarpal vein
From the connection of the firstwith the second DMVs

63(29.5 %)
34(15.9 %)
97 (45.3 %)

40 (21.5 %)
34 (18.3 %)
86 (46.2 %)

From the connection of the second and third DMVs

8 (3.7 %)

8 (4.3 %)

Total

214 (100 %)

186 (100 %)

Location of the cephalic vein
toradial styloid process

Posterior to the styloid process
On the lateral aspect of the styloicbpess
Anterior to the styloid process

164 (76.6 %)
50 (23.4 %)
00 (0.0 %)

146 (785 %)
40 (21.5 %)
00 (0.0 %)

Total

214 (100 %)

186 (100 %)

A

3
& A .

Fig. 2. Photographs in the dorsum of the hand and wrist region show the origin of the CV and its relation to the radiabsbdseich

row shows radial styloid process. (Al) Right hand shows the CV begins from the connection of the first with second D\Vs, 1- fir
dorsal metacarpal vein, 2- second dorsal metacarpal vein, 3- CV passes behind to radial styloid process. (A2) The lefs I&nd sho
begins from the proximal end of the second dorsal metacarpal vein, 1- second dorsal metacarpal vein, 2- CV passes lhind to rad
styloid process, 3- tourniquet. (B1) Right hand shows CV begins from the proximal end of the first dorsal metacarpaistedoydalf
metacarpal vein, 2- CV passes on the lateral aspect of radial styloid process. (B2) the right hand shows CV begins fiomafdahaect

first with second DMVs, 1- first dorsal metacarpal vein, 2- second dorsal metacarpal vein, 3- CV passes on the latefabdmdect o
styloid process, 4- tourniquet.
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DISCUSSION The study by Viallest al (2001) reported that CV usually
arises from the superficial dorsal vein of the thumb, while
The current study adopted two methods to identifilatsuoet al (2017) found that CV consistently begins from
venous patterns in the dorsal aspect of the hand, the cowrsellateral vein of the deep palmar arch. In the current study
of visible DMV, and communications between them. Fiv€V it was found to arise from the connection of the first and
different types of venous patterns were found duringecond DMV in (45.3 %) of men, (46.2 %) of women and
observations of the dorsal aspect of the hand. The mésim the first dorsal metacarpal vein in (29.5 %) of men,
common pattern in both sexes was type Il (34 %) followe@1.5 %) of women in most cases. The findings in this study
by type Il (29.5 %), while type VI (2.5 %) was lessare consistent with most of the information in anatomical
observed. This finding is consistent with recent studies thaixtbooks (Mooreet al, 2018; Standring, 2020), and the
found that DMVs were classified into different anatomicadtudy of Salameht al (2019), in which they stated that the
patterns instead of being considered a network of veifisst and second metacarpal veins were frequently involved
(Elmegarhiet al, 2018; Salameét al.,, 2019). Two of the in CV formation. This confirms that CV commonly arises
venous patterns described in the current study were vérgm the distal part of the first dorsal metacarpal vein or the
rare (type V and VI). In type V the DMVs were connectedprm connection of the first with the second DMV. Thus,
forming a Y-shaped venous pattern on the dorsal aspectlod venous union of the first and second DMVs considered
the hand, and in type VI, the DMVs were connectedhe best anatomical landmark for the beginning of the CV.
forming a tree-shaped venous pattern on the dorsal aspBEuése suggest that CV is the main vein that is constantly
of the hand. To our knowledge, these patterns have atated on the lateral side of the wrist region and serves as
been described before, and it should be mentioned tlia¢ main drainage of blood from the radial side of the hand
they could have been a rare phenomenon among the upgrea provides a reliable venipuncture site in this region.
limb veins. Naturally, the superficial veins are connected
to form different venous patterns, ranging from simple to The present study also described the course of the
complex. Therefore, whatever pattern, good anatomic@V in the radial styloid process. Two main relations have
knowledge is required for a successful venipuncture. Thdreen demonstrated. One described the course of the CV
were no statistical differences between venous patterns guadterior radial styloid process in (76.6 %) males and (78.5
sex or between the right and left sides of the sides of t#@ females, the other described the course of the CV lateral
body sides, (p>0.05). radial styloid process in (23.4 %) males and (21.5 %) females.
The high prevalence of the posterior relationship of CV to
The present study found that the most visible DMVsgadial styloid process in the current study agreed and aligned
in the dorsal aspect of the hand were the second and thisith the information in reference books (Moetel, 2018;
these veins run in a semi-straight course, have littienell, 2019; Standringt al, 2020). Thus, this indicates that
communication with other veins, and are involved in forminthe CV is commonly found constant posterior to the radial
most venous patterns. While, the study by Salaetedl  styloid process; therefore, this relation is considered an
(2019) found that the most visible DMVs were the third antinportant anatomical point for the identification of the CV,
fourth in both hands and sexes. Our findings are inconsistamd venipuncture in this region may be more successful than
with those of Muna, Muna used an infrared vein illuminatiom others.
system to identify DMVs, while the present study used visual
observation to study the DMVs. Visual observation is on€ONCLUSION
of the best methods for identifying the superficial veins. The
findings in our study clearly showed that whatever the venous  There are five different venous patterns in the dorsal
pattern, there are predominantly two or three DMVs thaispect of the hand, in Sudanese. The second and third DMVs
play an important role in the formation of the venous patterhave participated in the creation of most venous patterns.
Therefore, the identification of the visible DMVs of the hand he union of the first dorsal metacarpal vein with the second
helps in the determination of venous patterns. Thuss, considered the best point to determine the beginning of
recognizing the course of the most visible DMVs in the dorstide CV. A higher incidence of CV location posterior to the
aspect of the hand, whether studied individually or throughdial styloid process is considered a suitable point to find
different venous patterns, is important for safe venipunctutieis vein during venipuncture.
during clinical practices.
RecommendationsThe second and third DMVs should be
Identification of the beginning of the CV is anthe first to select during venipuncture due to their prominence
important issue in clinical practice because it is one of tlend visibility, and the radial styloid process is considered a
upper limbs veins most commonly used in venipunctursuitable point to search for CV during venipuncture.
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