Fetal and Placental Indications For Placental Examination:
Absence or Minimal Umbilical Cord Twisting and Vascular Coiling
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Cord Twistin
The twist, spiral, helix of the umbili-

cal cord is present as early as six weeks
gestation and is well established by nine
weeks, Twist direction is determined by
looking at the stretched out cord (doesn’t
matter which way is up) and identifying
the upward direction of the twist (see
figure), Left twists (sinistral/counter
clockwise from the placental aspect/
clockwise from the fetal aspect) outnum-
ber right twists (dextral/clockwise from
the placental aspect/counterclockwise
from the fetal aspect) seven to one.

Typically only one twist direction is
present i a cord, but both may be present.
If a cord doesn’t lay straight or appears
“kinked,” check for a change in twist
direction.

Usually there are up to forty twists
over the length of the umbilical cord but
up to 380 (!) have been described. Their
number is established early in pregnancy
and increases only slightly in late
gestation. -

The cause of cord spiraling is
unknown, despite much investigation.
Because the seven-to-one ratio of left-
to-right cord twisting is about the same
distribution of “handedness,” Lacro et al
suggested cord twisting was a result of
cerebral organization; they disproved this
hypothesis showing there is no correla-
tion between the cord twist direction and
the handedness of mother or child.
Others have suggested that the twists are
governed by the earth’s rotational forces
(i.e. like the familiar bathiub vortex); this
has also been disproved.

Vascular Coiling
Vascular coiling and cord twisting are

not the same. According to Dr. Thomas
Strong, Perinatologist in Phoenix,
Arizona, “Coiling refers to the inherent
helical configuration of the umbilical
vessels created by the natural process of
development. “Twists” refer to the
torsion imparted to the entire cord by
external forces such as fetal movement.

To illustrate, think of a little girl with a

braided ponytail - the braiding would repre-
sent umbilical coiling. Now imagine that
someone comes up behind the girl and twists
her ponytail - that would represent umbili-
cal twisting. Once her ponytail is released,
the twisting will disappear but the braiding
(i.e. the “coiling™) will rernain. When study-
ing a gross specimen of cord, | hold it verti-
cally in the air at one end so as to allow the
freely hanging cord to untwist itself, Then|
count the number of coils.” (9)
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Dr. Strong and colleagues have studied
the relationship between cord vascular
coiling and neonatal outcome. In the early
1990°s, along with Dr. John Elliot and Dr.
Tari Rabin, he prospectively investigated
whether straight noncoiled umbilical cords
identified at delivery were associated with
an increased risk of sub-optimal perinatal
gutcome. Thirty-cight (4%) neonates out of
894 were identified to have noncoiled
umbilical cords during the study. Compared
to the infants with coiled cords, these infants
had a higher incidence of intrauterine death,
preterm delivery, repetitive intrapartum
fetal heart rate decelerations, operative
delivery of fetal distress, and congenital
anomalies. At the conclusion of the study,
they recommended careful study of the
umbilical vascular architecture during
ultrasound.

Next, Dr. Strong et al developed the
umbilical coiling index {(UCI), a simple
objective technique to quantitate the degree
of umbilical vascular coiling: divide the
number of complete vascular coils seen
prossly at delivery by the total cord length
in cenéimeters, They found a mean umbili-
cal coiling index of 0.2 coils/centimeter

( ).

At term, most cords measure 55-66 cm in }
length, so the mean UCI would predict &
ten-twelve vascular coils per cord, consis-
tent with the findings described for over |
sixty years that the typical cord has eleven
vascular coils. They also again concluded ;
that children born with noncoiled umbilical ¢
cords were at higher risk for sub-optimal |

outcome.

For the UCI to be meaningful, the tech- :
nigue had to be determinable antepartum &
{i.e. had to be identifiable on ultrasound). -
In 1992, Dr. Strong et al used ultrasonogra-
phy to identify vascular cord coiling inutero. &
They confirmed that the UCI could be §
determined in utero, again identifying
children at higher risk for sub-optimal out- ;
come, suggesting the need for early and §
careful evaluation of fetal anatomy, fetal ;
well-being, and possible early delivery. In- ¢
terestingly, they also discovered that 30%
of the cords not coiled in early gestation
were coiled at follow-up ultrasound in later
gestation, with no untoward cutcomes in ;

those fetuses.

Dr. Strong et al also observed that |
fetuses with poorly coiled cords had higher
incidences of nuchal cord and more ;
frequently required operative intervention &

for fetal distress during labor Noncoiled
umbilical vessels alone were not an
independent risk factor for trisomy.

Of note, whether the arteries wind

around the vein, or the vein around the
arteries - both conditions may be seeninthe ¢

same umbilical cord - is irrelevant.

Etiology of Cord Twisting and Vascular
Cailing

Since it has already been praven that !
cord and vascular coiling are not a function
of handedness (cerebral organization) and
are not related to the earth’s gravitation ;
forces (i.e. analogous to the bathtub vortex),
researchers are looking at the structure of |
Wharton’s jelly and the blood vessels them- |
selves, and their relationship with amniotic *

fluid.
The ceiled, three-vessel arrangement of

the umbilical cord has been recognized since ;

{eontimued on page 9)




] (continued from page §)
the 16th century. The cord reaches
structural and functional maturity relatively
early in gestation, and once achieved, the
cord configuration is thought to be
unchangeable.

Some researchers suggest the incidence
of coiled cords and preponderance of left
twist are not randorm, but rather are inher-
ited. Twin studies demonstrate less varia-
tion in cord lengths (cord lengths within 2
inches of each other) between monozygotic
twins when compared to fraternal twins,
leading researchers to conclude the umbili-
cal cord structure is the result of the rela-
tionship between events at the cellular and
gross morphologic levels. In other words,
information at the molecular level is ulti-

: mately expressed using available materi-
! als, modified by growth and the structural
 response to external factors.
| The asymmetry in size of the umbili-
cal arteries may explain the etiology of cord
twist as the result of unequal growth of the
two arteries or the rotational torque result-
ing from the differential blood flow within
the differently sized vessels. Researchers
i point out the fact that the right umbilical
! artery is usually larger than the left, which
i supports the observation that [eft twisting
! is more common than right twisting. This
| theory is also supported by the absence of
twisting in many cords with only a single
umbilical artery (two-vessel cords).

Recent studies put forth two fundamen-
: tal theories for the etiology of cord twist-
ing. Experimental models sugpest the twist
1 is inherent to the cord itself: hollow tubes
1 with walls constructed of fibers with an
i inherent tendency to twist, when subjected
to sufficient intraluminal pressure to induce
| swelling, exhibit the typical helical twist
of the cord, The twist direction of the tubes
was opposite to the twist direction of the
fibers constituting the walls, Since the um-
bilical arterial wall is composed largely of
| smooth muscle that coils around the lumen
i of the vessel, the helical layer of muscle
fibers may be the axis for umbilicai coil-
ing. Again, an inherited trait?

The second theory suggests that cord
length is related to fetal movement and long
cords tend to have more twisis, suggesting
twist severity may also be related to active
or passive rotation by the fetus. This
postulation is corroborated by the fact that
cord twists are absent in cases where fetal
movement has been restricted, such as
fetuses fixed in place by amniotic bands,
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or where the fetus suffered from a neurologic
or neuromuscular abnormality. Therefore, a
poorly twisted cord or a cord with no twists
suggests an inactive fetus, and clinically the
question becomes, “why was the fetus
inactive?”

Many researchers feel both theories are
relevant, implying the inherent cord twist can
be impeded by any factor that restricts
normeal fetal movement.

Straight cords likely result from a
number of factors, possibly involving absence
of umbilical arterial helical smooth muscle fi-
bers, inadequate intravascular pressure, and/
or decreased fetal activity.

Vascular coiling is also thought to be an
intrinsic characteristic of the cord vessels,
again due to an intrinsic twist in some or all
of the constituent fibers of the umbilical cord,
possibly within the media of the arteries.

Protective Funcfion

As one author put it, the twisted, three-
coiled vessel arrangement of the umbilical
card is likely the product of evolution and
confers some advantage over other arrange-
ments at variance with this form in order to
ensure adequate placental-fetal blood flow
through the umbilical vessels.

During intrauterine life, the umbilical cord
is susceptible to many processes with the
potential to compromise placentai-fetal blood
flow. Most such processes are external,
against which amniotic fluid may be protec-
tive. Infact, amniotic fluid is well recognized
for its ability to protect the umbilical cord from
compression, as an inverse relationship seems
to exist between amniotic fluid volume and
frequency of variable fetal heart rate (FHR)
decelerations: high ampiotic fluid volume -
lower frequency of FHR decels, low amni-
otic fluid volume - higher frequency of FHR
decels. However, because amnioinfusion
(“saline replenishment” of amniotic fluid
volumes) does not atways correct FHR decels
associated with low amniotic fluid volumes
and oligohydramnios does not always result
in FHR decels, it has been suggested that
additional mechanisms are involved to
protect blood flow through the umbilical cord,
namely cord twisting and vascular coiling, and
Wharton's jelly.

Regardless of its origin, twisting appears
to confer rigidity, producing a strong but
flexible umbilical cord resistant to entangle-
ment, snarling, and torsion. Censider the simi-
lar structure and characteristics of the
telephone cord: semi-erect yet flexible and
relatively resistant to stretch, compression, and

tight knotting. Twisting also gives the

cord a larger overall diameter, exposing
less of the umbilical vascular surface area
to the intrauterine environment, thereby
aliowing the cord to resist external forces,
such as vascular stretching and compres-
sion, that might compromise placental-
fetal blood flow through the cord. In
addition, within the cord, the coiled blood
vessels experience less turbulent flow
since curved conduits tend to have higher
thresholds for the onset of turbufence than
do straight ones.

In comparison, less twisted umbilical
cords tend to be more flaccid and more
prone to prolapse after the extraplacental
membranes rupture during labor and
delivery.

Wharton's jelly itself, the actual
volume of which appears to be related to
the osmolality of the amniotic fluid, is also
thought to protect placental-fetal blood
flow through the cord. It has been
observed that coiled cords with adequate
‘Wharton’s jelly have been associated with
better neonatal outcomes, whereas
neonates with reduced Wharton’s jelly
experience a higher incidence of intrapar-
tum distress.

Data suggests the cord structure may
be altered by prolonged, low-grade
compression, specifically liquefaction of
Wharton's jelly, hence its characterization
as a thixotropic gel (& gel that becomes
fluid when stirred or shaken and returns
to a semisolid state upon standing). This
is supported by the observation that
knotted cord segments or cord ségments
entangled with the fetal neck orbody tend
to have less Wharton's jelly. It has been
proposed that the pressure produced by
entanglement allows for remodeling of the
compressed segment secondary to jelly
liquefaction, the extent of which may be
a function of the duration and tautness of
the entanglement. Functionally, such a
change might allow direct pressure upon
the umbilical vessels themselves, imped-
ing placental-fetal blood flow through the
cord, Some authors suggest the pattern
of noncoiled segments of the cord may
represent periods of time where signifi-
cant entanglement or compression
occurred,

{continued on page 10}
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The Umbilica] Pump

First proposed in the 1950, studies
suggest the coiled umbilical cord may act
as a secondary cardiac pump that
augments fetal cardiac preload by increas-
ing umbilical venous return from the
placenta, .

Typically, intravascular pressure
within arteries and veins is in-phase (i.e.
synchronous, with circumferential
distortion of the arteries contributing to the
pulse). Research revealed that the gystolic
pressure pulsations in the arteries and vein
of the umbilical cord are not in-phase, that
they are in fact asynchronous, paradoxi-
cally alternating with one another. This
observation was found to be related to
longitudinal distortion of the umbilical ar-
teries, which subsequently induced rela-
tive negative pressure in the umbilical vein
during fetal systole and bad the opposite
effect during fetal diastole. In other words,
the longitudinal distortion induced arterial
and venous pressure variations 180
degrees out of phase with each other. The
study also discovered this process may be
modulated by the density of Wharton's
jelly surrounding the umbilical vessels.

This system contains the elements of
a peristaltic pump, a mechanical device
familiar to engineers but found enly in the
arteries and vein of the umbilical cord.

Indirect evidence for the umbilical
pump includes observations of signifi-
cantly higher incidence of placental
congestion among those with straight
umbilical cords and a significant correla-
tion between the umbilical coiling index
and the rate of umbilical venous flow.

Interestingly, the umbilical pump may
also play arole in the pathophysiology of
the twin-twin transfusion syndrome.
Assuming monochorionic twins share a
common placental reservoir, discrepant
degrees of umbilical coiling/differential
umbilical pump activities between the two
fetuses would create a net flow of blood
to the twin with the more densely coiled
urobilical cord.  However, it remains a
mystery why genetically identical twins
would have such different degrees of
umbilical coiling.

Optimal protection by the umbilical
cord of the placental-fetal biood flow

- through the umbilical arteries and vein is
likely a function of umbilical cord
twisting, vascular coiling, Wharton's jelly,

and amniotic fluid. Moreover, the degree
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of cord twisting/vascular coiling may
impact fetal cardiovascular dynamics via the
umbilical pump, which may in tum impact
amniotic fluid volume/osmolality, which
may in turn affect the volume and elasticity
of Wharton’s jelly, which may in turn
modulate the function of the umbilical pump.
In other words, the umbilical cord and its
intrauterine environment may represent a
complex system of interaction and feedback.

References

1. Benirschie K, Kaufmann P; Pathology of
the Human Placenta, 3rd edition; 1995,
Springer-Verlag, ,

2. Fdmonds HW: The Spiral Twist of the
Normal Umbilical Cord in Twins and in
Singletons; Am J Obstet Gynec, January
1954, Vol. 67, No. 1: 102-120.

3, Lacro RV, Jones KL, Benirschke K: The
umbilical cord twist: origin, direction and
relevance; Am J Obstet Gynecol, October
1987, Vol. 157, No. 4: 833-838.

4. Naeye, RL.: Disorders of the Placenta,
Fetus and Neonate; 1992, Mosby Year Book.
5. Schuler-Maloney 1, Lee 5: The Placenta:
To Know Me Is To T.ove Me. A reference
puide for gross placental examination; 1998,
DSM PathWorks, Inc., St. Mary's, Iowa;
http://showcase.netins.net/web/placenta.

6. Strong TH: Trisomy Among Fetuses with
Noncoiled Umbilical Blood Vessels; J
Reprod Med, 1995, Vol. 40: 789-90.
7. Strong TH: The Straight Umbilical Cord:
A New Sonographic Clue fo the Fetus at
Risk; Ob-Gyn US Today, August 1996,
Lesson 8, Vol. 1: 91-100.

8. Strong TH: Factors That Provide Optimal
Umbilical Protection During Gestation;
Contemp Ob/Gyn, March 1997: 82-105.
9, Strong TH, personal comrespondence,
January 15, 2001.

10. Strong TH, Elliot JP, Radin TG:
Non-coiled Umbilical Blood Vessels: ANew
Marker for the Fetus at Risk; Ob Gyn, March
19983, Vol. 81, No. 3: 409411,

11. Strong TH, Finberg HIJ, Mattox JH:
Antepartum Diagnosis of Nencoiled Umbili-
cal Cords; Am J Obstet Gynecal, June 1994,
Vol. 170, No. 6: 1729-1732

12. Strong TH, Jarles DL, Vega J8, Feldman
DB: The Umbilical Coiling Index. Am [
Obstet Gynecol, January 1994, Vol. 170, No.
1:29-32.

13. Strong TH, Manriquez-Gilpin MP, Gilpin
BG: Umbilical Vascular Coiling and Nuchal
Entanglement; ] Mat-Fet Medicine, 1996,
Vol. 5: 359-361.




