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ABSTRACT

Objective: The objective of this article was to compare hemodynamic and perfusion
parameters as well as the clinical outcomes in critically ill patients with postpartum
hemorrhage (PPH) who received treatment with a non-pneumatic anti-shock garment
(NASG) as part of an intervention package, with a group of patients in similar conditions

who did not receive a NASG.

Methods: This observational study analyzed a historic cohort of 154 patien PH,
secondary hypovolemic shock and signs of hypoperfusion who were ddmitfed in*this
institution from 2012 to 2015. Group 1 (n=77) was managed withiNAS Group 2
(n=77) received interventions other than NASG. Hypoperfusien markers and maternal

outcomes were compared in both groups.

Results: Of 154 patients included in the analysis, 36:4%sfequired total abdominal

hysterectomy (TAH) to achieve hemorrhage cofitrol, 98:2% of whom belonged to Group
2 and 1.8% to Group 1 (p=0.001). The us @ducts was more common in Group
2 (p<0.001), as was the administration @ive agents. The mean number of days of
hospitalization at the Obstetric Hi e cy Unit (OHDU) was significantly lower in

Group 1 and reached a statistically sigfiificant p value. Only two cases of maternal death

occurred in Group 2. &
Discussion: The us SG 11 the management of PPH is a cost-effective strategy

for patients with Sgvere shock and signs of hypoperfusion and is optimal in a limited-
resource scetario. In'this study, the use of NASG was related to better outcomes in a
statistically t manner with better results regarding maternal outcomes such as

uterine pres ion and decreased transfusion requirements and hospital days.

Conclusion: NASG, associated with the use of uterotonic agents and other strategies for
PPH control, is a safe tool that helps reduce morbimortality in critically ill patients with
PPH.
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Main text

INTRODUCTION:

Every day, approximately 830 women worldwide die as a result of complications related

to pregnancy, delivery and postpartum (1). The World Health Organization‘has shown

that 73% of maternal deaths are secondary to direct obstetric causes includig postpartum
hemorrhage (PPH) in the first place (27.1% of total deaths) (295 This mortality is associated
with a significant burden of maternal morbidity, need of tramsfusions, surgical interventions

and health system costs (3).

The non-pneumatic anti-shock garment (NAS@) is a firstdline device for managing and
stabilizing women with postpartum hemowshageyin hypovolemic shock by increasing
venous return and cardiac output and mechanically controlling the bleeding (4-6). Several
studies have shown its usefulness foftranspéftation and initial management of patients with
PPH in association with a 48% decreaSe in the mortality due to PPH, especially in low-
income countries with limited management strategies (7). Currently, the Safe Motherhood
and Newborn Health €£6mmittegyof the International Federation of Gynecology and

Obstetrics recommends'the NASG for the initial management of PPH (8-11).

The High Obstetric Complexity Unit (HOCU) of Fundacién Valle del Lili (FVL) in Cali,
Colombia, is‘an OBStetric critical care unit that has been established in our country as a
referral centerfor patients with extreme maternal morbidity (EMM) (12). Since 2014, the
standard use of NASG has been implemented for the management of PPH, even in severely
ill patients, and the results of this process have shown NASG as an effective strategy for

controlling hypovolemic shock with confirmed hypoperfusion (13).

The objective of this study is to provide better levels of evidence regarding the use and

application of NASG in the management of PPH in critical conditions.

MATERIALS AND METHODS



This report corresponds to a quasi-experimental (before-and-after) study of a group of
patients with hypovolemic shock secondary to PPH who received non-NASG management
from December 2011 to December 2013, the results of which were compared with a group
of patients receiving NASG for the same indication (hypovolemic shock due to PPH) from
December 2014 to December 2015. Since the protocol for the management of NASG in
PPH was adapted and implemented between January and November 2014, p assisted

during that period were not included in the analysis.

The criteria for inclusion were defined as follows: patients of any géstatibnal dge who
had completed their pregnancy at the FVL in Cali, Colombia, and developed PPH
(blood loss of 500 or 1000 milliliters following vaginal de @

or cesarean section,
respectively) with hemodynamic instability (hypovolémicgshoek) and clinical and

biochemical hypoperfusion markers.

Hemodynamic instability was determine ordi the results of the shock index

(relation between heart rate/systolic bload pressure) upon diagnosis and 24 hours later.

Values above 0.9 were considered al. This index is directly related to the need of

massive blood products trangfusion and the development of coagulopathy in massive PPH
(12, 13).

The degree of hy o@ was determined by lactic acid levels >2 mMol/L and base
deficits <-5 mMol/Iat the time of diagnosis of PPH and 24 hours later. The APACHE
II (Acute% and Chronic Health Evaluation II) score was used for assessing the

critical status of patients within the first 24 hours after hemorrhage.

The criteria for exclusion included those patients who were admitted to the OHDU using a
NASG from other institutions, with hemodynamic changes of a different origin, antepartum

hemorrhage of obstetric etiology or with a previously documented coagulation disorder.

Regardless of the use of NASG, all patients received standard medical care. In this
protocol, oxytocin was the first-choice medication at dosages of 80 up to 160 milliunits

(pU). As a second-choice medication, methylergometrine was used at an initial dose of



0.2 milligrams (mg) given intramuscularly at the beginning, repeated 20 minutes after the
first dose and every 4 hours up to a total of 5 doses, provided hypertension does not occur.
The third choice, misoprostol 800 micrograms, is given sublingually or intrarectally if

the sublingual route is contraindicated. In addition, since 2014, patients not responding to
medical management underwent conservative management with hydrostatic balloons and/or

hemostatic sutures if indicated.

The primary source for data search was the institutional OHDU registry as

of the FVL Clinical Research Institute. The information was retrospectivel

entered into an electronic database designed for that purpose.

For the analysis of the data, demographic variables and tho ated to,the etiology,

management and clinical outcomes were collected. Thegan of quantitative variables
was performed using the Student’s T-test or the Ma 1tn -test statistics depending
on the distribution, and whether the data was pfesente ean and median with standard
deviation and interquartile range, respectiyely. egorical variables were analyzed

using the Chi-square statistic or Fisher’sigxact test statistic, and the data were presented as

distributions of both absolute and ré equencies.

The statistical analysis waggperformed»

Reference Manual, College Station, TX, USA). The study was approved by the Fundacion
Valle del Lili Institu ics Committee. All women and their family members were

sing Stata® (Stata Corp, 2011, Stata 12 Base

informed abaqut the or using the NASG technique, the benefits obtained and the safety
of the de\%
RESULTS

Between December 2011 and December 2013, a total of 77 patients with PPH,
hypovolemic shock and hypoperfusion were identified and who received standard care
not including the NASG; these corresponded to 2.8% of all women with PPH assisted at

the OHDU during the same study period. Between December 2014 and December 2015,



a total of 77 patients with PPH, hypovolemic shock and hypoperfusion were identified
and received the NASG as part of medical care; these corresponded to 6.6% of the total of

patients with PPH assisted at this institution during the same study period.
The main characteristics of the patients are shown in Table 1.

The main causes of PPH identified in all 154 patients included: uterine atony (96.1%),
retained placenta (9.7%), placental abruption (6.5%) and placenta previa (4.5%).and
showed no statistically significant differences between groups. Similarly, neydifferences
regarding the presentation of associated conditions were found in eithér group and there
was a high incidence of pregnancy-related hypertensive disordersi(35% of thie total

cases).
The management strategies for both groups are summatized il Table 2.

At the time of diagnosis of PPH, the shock indexswas greatet than, or equal to, 1 in 100%
of patients in both groups, with a median of 1.05 (0.94-1.24) for the non-NASG group

and 1.2 (1.1-1.4) for the NASG group, with no significant differences (11.7% vs. 6.5%;
p=0.4). As for the perfusion parameters evaluated, no significant differences were found
between the non-NASG group and the'NASG group for lactic acid levels upon diagnosis

of PPH (median of 2.3 and 2.6, respectively; p=0.5); for lactic acid levels 24 hours after
PPH (median of 1.36/and 1.28, respectively; p=0.55); for base excess values upon diagnosis
(median of -7.3 afhd -7, respectively; p=0.914); and 24 hours after management (median of

-4.3 and -4,6,%wespectively; p=0.296).

With regard tofibrinogen values, a statistically significant difference was observed between
the non-NASG group and the NASG group, with a median of 254 and 418, respectively;
p=0.001.

There were two cases of maternal mortality in the non-NASG group (2; 2.59%), which
corresponded to deaths due to consumption coagulopathy resulting in multiple organ

failure.



DISCUSSION

A number of observational studies of major impact worldwide have shown that the NASG
is a useful tool for transportation, stabilization and reduction in PPH-related morbidity
(8-11). These results have allowed the adoption of NASG as a first-line management
strategy to be used at OHDUs from 2014 onwards. The results of its implementation for the
management of critically ill patients confirmed by hypoperfusion markess haye previously
been reported. These findings resulted in the need to compare the résults with a group of
patients with similar characteristics of PPH, hypoperfusion’and Sshock who were not applied
the NASG due to unavailability of the device in Colombia at'that time. All patients received

the same medical care scheme as described in thednstitutional protocol.

All patients included in the analysis showed shock index scores greater than 1 upon the
identification of PPH; this parameter has shownidirect relationship with hemodynamic
instability secondary to hypovolenidand, with values above 1.1, up to 89% of the cases
are associated with protocol requirements of massive transfusion (14-16). In our series, the
results evidenced that thefmeed of blood products was (statistically significantly) higher for
the non-NASG group (85.7%), while only 39% of patients in the NASG group required
some type of transfusion. In middle- or low-income countries where the mortality rate due
to PPH is direetly related to the availability of blood products, this finding may support the

need to includepthe NASG in the PPH management kit at each medical care level.

Likewise, abdominal hysterectomy as a management strategy was more common in
the standard care (non-NASG) cohort compared to the NASG group (98.2% vs. 1.8%).
Systematic reviews and meta-analyses of the outcomes of peripartum hysterectomy for
PPH worldwide, with 128 studies and 7858 patients, have shown that performing this
procedure is associated with delayed management and high morbidity and mortality.
In these reports, only 27% of the patients received some type of treatment prior to total

abdominal hysterectomy, 47% required second surgery or reoperation, 72% developed



complications, 45% were admitted to the intensive care unit (ICU), the average bleeding
was 3.7 liters and the reported mortality ranged from 5% to 59%. In this context, and
being aware of the limitations regarding human resources, locations and economy in the
countries of our region, timely and prompt management using NASG might be associated

with decreased disease burden and, probably, better cost-effectiveness of PPH management
(17).

In the group comparison, use of damage control surgery, use of vasoactive agents and
hospital days were statistically significantly higher in the historical nop*NASGieohort.
The opportunity of access to highly complex management at obstefric ifitensive care units
or hospitals with the necessary management resources is below the expected standards in
low- and middle-income countries. Although reliable statistics #egarding availability are
not available, it can be indirectly assumed that only @ne third of cases of extreme maternal

morbidity are admitted to these types of units infour countsy (18).

In the same way as the approaches aboveafid considering the human and political
development in developing countries to teach the standards of countries with universal
access to beds at ICUs, implementing cffective strategies such as the formalization and
inclusion of NASG within at"intervention package for PPH management may have

enormous impact, even_ in critigally ill patients such as those described in this series.

In the group of patients'receiving NASG management, no NASG-related adverse events
or maternal deaths oeeurred versus two patients who died due to coagulopathy in the non-
NASG groupyof patients. Establishing a direct correlation of a single management strategy
in the reduction of deaths due to PPH is very difficult, and its inclusion in a planned
intervention package process along with the prompt application of NASG (20 minutes in
average) is likely to be responsible for these findings (13). This study does not allow to

establish such causality.

Concomitant use of the Bakri balloon and the NASG as first-line management of these
patients was successful in 70% of cases. This finding has been described and confirmed

by the literature in a previous report with a total of 54 cases (called “uterine sandwich™)



regarding PPH management (14). This routine implementation may provide the previously
mentioned benefits of NASG in association with the internal compression and ability to
objectively monitor bleeding provided by the Bakri balloon, which should be evaluated in

studies designed for that purpose.

The perfusion parameters that were assessed reported similar hemodynamic compromise
as reflected by hyperlactacidemia and base deficit at the moment of PPH diagnosis in

both compared cohorts. The goals of hypovolemic shock reanimation couldébe reached

in both groups, as assessed by the objective measurement of these perfulSion patamieters

24 hours after starting management; however, the group receivinggtandard care required
the aforementioned increased number of invasive interventions as compared to the
hemodynamic stabilization in the NASG group. This consideration should also be taken
into account due to the direct impact of medical cargiCosts?on the health systems of patients

with PPH.

This series is similar to others that have be€f reperted regarding the effectiveness of
NASG; however, this is the first time that results from the comparison of this strategy,
as part of the reanimation processesjin patients with PPH, hypovolemic shock and

hypoperfusion, are obtaineds
CONCLUSION

The use of NASGyin critically ill patients within an intervention protocol for the
management of PPH that was implemented at the FVL OHDU showed prompt recovery
from hypoperfusion, thus preventing the use of invasive procedures that involve increased
maternal mothidity and higher costs. This was evidenced when comparing the results with
equally critically ill patients who were not given the chance to receive NASG management
and achieve the same clinical objectives. Its implementation in management protocols at
all healthcare levels, regardless of the degree of clinical compromise, should take part in

processes for improving the obstetric services in middle- and low-income countries.
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Table 1.



Characteristics Non-NASG NASG patients p
patients N: 77
N: 77
Age 28.2+4 253+7 0.009
(Mean £ Standard Deviation)
Gestational age at admission (weeks) 36 (32.6 &38 (34.5-39.6) 0.003
Median (Interquartile Range)
Parity at admission 28 (36.36%) 40 (51,95%) 0.089
*Primigravida 26 (33.77%) 27 (35,06%)
*Gravida 2 9 (11.69%) 6 (7,79%)
*Gravida 3 13 (16.88%) 4(5,19%)
*More than Ggavida 3
Vaginal % 20 (26%) 53 (68,8%) 0.005
Visual estimation of blood loss
13 (16.9 %) 17 (22.1%) 0.001

+<1000

*1000-1500

5(6.5 %)

7(9.1 %)

22 (28.6%)

20 (26%)




Table 1. Clinical and demographi¢ cha
with PPH at the FVL, 2011 - 201
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&
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Table2.

*1501-2000
18 (23.4%) 8 (10.4%)
+>2000
34 (44.2%) 10 (13%)
*No data
Hospital days 10 (6-15) - 0.001
(median)
Hospital days at the Intensive Care Unit (ICU) (4 (2-7) 3(2-3) 0.159
(median)
APACHE 1I score 11 (6-14) 8 (6-11) 0.040

stics of NASG and non-NASG patients




surgery

Management strategy Non-NASG patients |NASG patients P

N: 77 N: 77
Use of blood products 66 (85.7) 30 (39) 0.001
Use of tranexamic acid 22 (28.6) 27 (35.1) 0.378
Use of vasoactive agents 9 (11.7) 5 (6. 0.401
Use of Bakri balloon 0(0) (70. <0,001
Use of B-Lynch suture 6 (7.8) (10.4) 0.575
Performance of total abdominal 55 (7i"4) 1(1.3) <0.001
hysterectomy
Performance of pelvic (18.2) 0 (0) <0.001
embolization
Performance of ular ligation |4 (5.2) 0 (0) <0.001
Performanc damage control 48 (62.3) 1(1.3) <0.001

Table 2. Management strategies in NASG and non-NASG patients with PPH at the

FVL, 2011 — 2016.







Characteristics Non-NASG NASG patients p
patients N: 77
N: 77
Age 282+4 253+7 0.009
(Mean + Standard Deviation)
Gestational age at admission (weeks) 36 (32.6- 8 (34.5-39.6) 0.003
Median (Interquartile Range)
Parity at admission 28 (36.36%) 40 (51,95%) 0.089
*Primigravida 26 (33.77%) 27 (35,06%)
*Gravida 2 9 (11.69%) 6 (7,79%)
*Gravida 3 13 (16.88%) 4(5,19%)
*More than Gra 3
Vaginal % 20 (26%) 53 (68,8%) 0.005
Visual estimation of blood loss
13 (16.9 %) 17 (22.1%) 0.001

+<1000

*1000-1500

5 (6.5 %)

7(9.1%)

22 (28.6%)

20 (26%)




*1501-2000
18 (23.4%) 8 (10.4%)
+>2000
34 (44.2%) 10 (13%)
*No data
Hospital days 3-7 0.001
(median)
Hospital days at the Intensive Care Unit (ICU) 3(2-3) 0.159
(median)
APACHE 1I score 8 (6-11) 0.040
Table 1. Clinical and demographi teristics of NASG and non-NASG patients

with PPH at the FVL, 2014 - 2016.
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surgery

Management strategy Non-NASG patients |NASG patients P

N: 77 N: 77
Use of blood products 66 (85.7) 30 (39) 0.001
Use of tranexamic acid 22 (28.6) 27 (35.1) 0.378
Use of vasoactive agents 9(11.7) 5(6.5 0.401
Use of Bakri balloon 0(0) (70: <0,001
Use of B-Lynch suture 6 (7.8) (10.4) 0.575
Performance of total abdominal 55 (71s4) 1(1.3) <0.001
hysterectomy
Performance of pelvic (18.2) 0(0) <0.001
embolization
Performance of vascular ligation |4 (5.2) 0(0) <0.001
Performance,of damage control 48 (62.3) 1(1.3) <0.001

Table 2. Management strategies in NASG and non-NASG patients with PPH at the

FVL, 2011 - 2016.




