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Background : Post-partum hemorrhage (PPH) is a fatal postpartum complication dreaded by every obstetrician.
Despite advances made in the past century in regards of prevention and treatment of PPHs, the prevalence of
atonic PPH paradoxically increased during the past couple decades, developed countries included. Studies
revealed that lower uterine segment atony or LUSA could lead to PPH via mechanism of uterine hypoxia.
In order to tackle the problem at its root, lower uterine segment compression (LUSC) could be deployed to
prevent LUSA and subsequently PPH.
Contemporary mnemonics of 4Ts remind us of possible etiologies of PPH. Nevertheless, it did not
encompass the entirety of the various causes. The author proposed an innovative model, aptly named “4Ts Plus
Model”, where atony would be further distinguished into flaccid uterine atony and hypoxic uterine atony. The

incidence of the latter could be prevented up to 56.5 — 81.3% by LUSC, depending on the compression duration.

Conclusion : With the discovery of LUSA being another cause of PPH, the new 4Ts Plus Model and LUSC
offer innovative strategies for treatment of patients with PPHs which could ultimately lead to lower global

maternal postpartum mortalities.

Key words : postpartum hemorrhage (PPH), lower uterine segment atony (LUSA), lower uterine segment

compression (LUSC), hypoxic uterine atony, 4Ts Plus Model
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Introduction

Consistent from the Millenium Development
Goal 5 (1990-2015) through the Sustainable
Development Goal (2015-2030), World Health
Organization (WHO) strived to curb postpartum
maternal mortalities ratio (MMR) towards 70 deaths
per 100,000 live birth or lower.' Despite the
optimistic trend of postpartum hemorrhage (PPH) in
the past centuries, the prevalence of atonic PPH
paradoxically increased during the past few decades.
Developed countries like the USA, the UK, Canada,
and Australia were no exception.2’3 This obliged us to
ponder whether some other obscure factors had been

undermining our efforts.

In the past century, the vast world of
healthcare had been undergoing drastic positive
changes. However, the persistent problem of PPHs
did not follow suit. It remained one of the leading
causes of postpartum mortalities. Infrastructure-wise,
access to healthcare and logistics, as well personnel
training, had been brought to attention and has
already achieved satisfactory results. On the other
hand, knowledge management and institutional
protocol had stagnated in both the preventive and

remedial aspects.4 (figure 1,2)



=Y o/ s
10 ° ’J']?@']?ITQWE']U']@LQTﬂ&lﬂﬁ;\‘iﬂ?zqunﬁ °
1917 [ 1920 [ 1925 [ 1931 [ 1935 [ 1938 [ 1942 | 1948 [ 1955 [ 1961 [ 1966 [ 1972 | 1980 | 1985 [ 1990 [ 1995 [ 2000 | 2006 | 2011
Drugs Ergot (oral, ina win-glass)
Ergot (hypodermic injection)
Oxytocin
(im)
Oxytocin (im)
Placental delive: Maternal effort
Cord traction
Brandt-Andrew method
Cord clamping After baby cries vigorously and pulsation stops

needed

Early in active method or if resuscitation

s

=

Between mother’s

= ThwEe
Position of baby L.‘-N’ **j“ Same level as the placenta i
. . . 4
Figure 1 Routine third stage management
(im= intramuscular; imm= intramyometrial; iv= intravenous)
1917 [ 1920 [ 1925 [ 1931 [ 1935 [ 1938 | 1942 | 1948 [ 1955 [ 1961 [ 1966 | 1972 | 1980 [ 1985 | 1990 [ 1995 | 2000 | 2006 2011
Drugs Ergotin and pitutary extract (im)
Ox (im) OX(iv)
PGF2a (im,imm)
Techniques
Fist line Uterine massage (or squeezing)
L [ || L [ [ [ | o
compression
Second line Intrauterine douche Bimanual compression
o Intrauterine
e || o ]
Last resort Uterine packing ::.::;
Arterial ligation

Figure 2 The treatment of atonic pPH’

(E= Ergometrine; Ox= Oxytocin; E/OX= Syntometrine; PG= prostaglandin; im = intramuscular;

iv= intravenous; imm= intramyometrial)
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Literature reviews showed greater emphasis
on treatment rather than prevention, which might
prove to be too late. The only preventive measure
proposed is active management of the third stage of
labour (AMTSL).5 Its meta-analysis revealed that the
apparent benefit of the maneuver solely derived from
the uterotonics used.’ The uterotonics being used for
over hundred years means that the maneuver did not
add anything to the table. The forefront of PPH
treatment has also been rather mild, too. Newer
breakthroughs included synthetic oxytocin which had
longer effects and novel prostaglandins which had
not been very well received. Newer suture techniques
include B-lynch suture and compression suture.
Older procedures are also being brought back into
practice, such as balloon tamponade and bimanual
uterine compression. Another life-saving procedure
was non-pneumatic anti-shock garments (NASG). It
can be observed here that the latest trend has been
focusing mostly on the life-saving procedures for

PPH.
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Novel concept and truths revealed

The author proposes three key agendas to
better understand and tackle PPH.

First agenda

The best treatment is always prevention. We
need a huge paradigm shift regarding how we
approach PPH. There are substantial number of
patients with PPH without any known risk factors

7.8,9,10

(90%). The clue to unlocking the PPH mystery
lies in the unknown cause of PPH in that population.
Newer literatures proposed that lower uterine
segment atony or LUSA play a role."""*" We found
that the concept of LUSA is rather recent " and
has never been mentioned in any older studies. .
LUSA is also found to precede uterine atony, which

14,15,16

contributes to 70-80% of PPH. Recent attempts
at stopping LUSA include balloon tamponade and
compression suture of the lower uterine segment.
12181920 1 was also found that LUSA did not respond
to uterotonics and would proceed to bleed and cause

uterine hypoxia, which in turn caused uterine atony.

The vicious cycle

v 1
(bleeding'::> hypoxia = atony) continues until

hysterectomy is done or mortality oceurs.”'
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Second agenda

Continuing from the first agenda, we need to
find the true cause of atonic PPH whose incidence
has been on the rise. In developed countries, armed
with modern healthcare, accessible resources, and
plenty of personnel and medications, there are still
cases of refractory PPH. WHO listed 10-20% of
PPH as refractory to treatment’, and the solution for
these cases had not been achieved, partly due to
vastly different contexts.” Since LUSA is
uterotonic-resistant, difficult to detect, and to date
untreatable, it may very well be the core of the rise

. . 21
in atonic PPH cases.
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Third agenda

After we have identified the culprit, we now
must seek a solution. Fortunately, in the past decade,
there has been extensive research on ways to prevent
atonic PPH. lower uterine segment compression
(LUSC) was first published in a medical journal in
2009"" and a few more practical trials followed.
The results had been promising in terms of PPH
prevention. The author described the mechanism of
disease in detail. If postpartum bleeding persists
despite good uterine contraction and absence of
birth canal tear, the lesion is likely in the lower
uterine segment, probably due to low attachment of
placenta (figure 3). Placental bed which attached
too low would receive inadequate contraction
from lower uterine segment, leading to the
aforementioned vicious cycle. LUSC is a maneuver
where the physician presses firmly on the
suprapubic region directly onto the position of the
placental bed in the lower uterine segment for

approximately 10 minutes. The vicious cycle

v |
(bleeding = hypoxia = PPH) and thus PPH

would then be halted manually.
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Etiology of lower uterine segment bleeding

Body
Lower segment

Normal bleeding

Body
Lower segment

more bleeding more bleeding

Figure 3

Wanchai Chantrapitak MD, Dip.Obstetrics and Gynaecology. Department of obstetrics and gynecology,
Charoenkrung Pracharak Hospital, Bangkok, Thailand
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In regard to efficacy, 10 minutes of LUSC
could decrease the incidence of PPH by 56.5% and
20 minutes of LUSC could be reduced up to 81.3%.
The total blood loss was reduced by 47% on
average, compared to the control group.lm’24 20-year
retrospective study showed mean reduction in PPH
rate of 54% (p<0.001).25 Not a single case had to
undergo hysterectomy due to atonic PPH in the
LUSC group compared to 12 patients in the control
group. More in-depth researches had been done to
assess the effects of different duration of LUSC

23,24,26,27,28,29

ranging from 8 to 20 minutes. All of those
yielded significant results and are now referenced by
the WHO under the bimanual uterine compression
section.” Moreover, in 2020, LUSC had also been
included into PPH handbook published in Brazilian

journal (figure 4).”
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Hamilton and Chantrapitak uterine compression maneuvers. Source: Adapted from Anderson JM,
Duncan E. Prevention and management of postpartum hemorrhage. Am Fam Physician.
2007;75(6):876-81.20 lllustrations by Felipe Lage Starling (authorized). Left: Hamilton maneuver.
Center: Chantrapitak maneuver for patients with relaxed abdominal wall. Right: Chantrapitak
maneuver for patients with a tight abdominal wall.

. . . . . . 31
Figure 4 Bimanual uterine compression and lower uterine segment compression maneuvers

Algorithm of Pathophysiology of PPH

4Ts Plus Model

Tone
Hypoxic uterine atony (Flacdd uterus) Tissue Trauma Thrombin

I ! ! )

Lower Uterine Segment Atony

(LusA) L4
@ Extrerne Bleeding
Y
Continuous Bxtracrdinary
Excessive Bleeding Bleeding

U U

Uterine Hypoxia

1

Uterine Atony

11

PPH

&

Uterine Hypoxia Uterine Atony

Diagram |
Adapted from Chantrapitak W. New concept of Pathophysiology of PPH which is caused by Lower Uterine Segment Bleeding /

Lower Uterine Segment Atony
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Conclusion

Viewing PPH from a different angle allowed
us to see the underlying flaws. The decade-long
mystery is now resolved. Lower uterine segment
atony (LUSA) is the cause of atonic PPH and can be
mitigated with lower uterine segment compression
(LUSC). In addition, we propose 2 distinct types of
atony, namely flaccid uterine atony and hypoxic
uterine atony. We shove everything into a simple
model called the “4Ts Plus Model” for convenient
use and remembering. The model lists 5 possible
causes of PPH: Flaccid uterine atony, Hypoxic
uterine atony, Tissue, Trauma and Thrombin. We
hope that the new paradigm introduced here will
revolutionize the world where refractory PPH
remains a significant problem. Since LUSC can be
performed with relative ease and without any
instrument, the implementation can be done rapidly,

and the maternal mortality can finally be controlled.
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