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Background

Preeclampsia is the hypertensive disorder that most frequently complicates
human pregnancy. It is a disease of placental origin with adverse effects on
maternal organs, the fetus and the placenta itself. The endothelial lesion is the
first manifestation of the maternal stage, the disturbances in the capillary
permeability condition alterations of the plasmatic colloid osmotic pressure
(PCOP) that can precede the clinical manifestations. Capillary leakage of
albumin into the tissue space and proteinuria are the pathophysiological
mechanisms that have been identified to explain hypoalbuminemia in patients
with preeclampsia. It has also been established that hypoalbuminemia and
reduced PCOP are adverse factors that increase maternal morbidity.
However, intravenous albumin replacement has been a controversial issue.
This narrative review analyzes the most relevant data on PCOP in general,
PCOP in normal pregnancy and in preeclampsia, intravenous albumin as a
drug, results of intravenous albumin replacement in preeclampsia, expert
opinion on the North American region and the most relevant research that has
been carried out in Mexico. The intention of this review is to provide readers
with basic knowledge and the most current concepts on the subject so that
they have sufficient elements to establish their clinical judgment on
management with intravenous albumin in preeclampsia and its maternal and
fetal implications. This is an interesting topic for future clinical research.

Keywords: Plasma colloid osmotic pressure; Intravenous albumin; Capillary
leak syndrome; Preeclampsia; High risk pregnancy; Obstetric intensive care.

Ruiz Alvarez et al. ® have documented differences in

complicating human pregnancy. ' Over time it

continues as the disease of theories. More than
30 hypotheses have been reported in the medical
literature to explain its etiology and
pathophysiological mechanisms. * It is known that its
origin is placental with devastating effects on maternal
organs, the fetus and the placenta itself. ** Redman °*
has proposed that preeclampsia has two stages, stage 1
corresponds to the placental phase and stage 2 includes
maternal disease. Evidence has documented that the
endothelium is the first maternal organ affected by
preeclampsia. Endothelial swelling and apoptosis,
perivascular edema, capillary leak, thrombosis, and
hemorrhage of the smallest vessels are the
characteristic structural findings in practically all
maternal tissues and organs.* The lesions correspond
to a small-vessels disease. Figures 1 to 6 Wall
abnormalities and  arteriolar  vasoconstriction
manifesting clinically as systemic hypertension
represent the transition from preeclampsia to disease
of the great arterial vessels.

Preeclampsia is the main hypertensive disease

the pattern of the synthesis of vasoactive substances
from the early stages of preeclampsia that clearly
explain the imbalance in favor of vasoconstriction.
Anym-Nyame et al” studied microvascular
permeability in preeclampsia, their data showed that
microvascular filtration capacity is increased in
preeclampsia with a significant correlation with
maternal circulating levels of Tumor Necrosis Factor a
(TNF a) but not with Leptin or vascular endothelial
growth factor (VEGF) concentrations. Undoubtedly,
other pathophysiological factors are involved, but the
progressive evolution and severity of preeclampsia
seem to be mainly due to high blood pressure,
hypertensive complications, and generalized tissue
hypoperfusion.

In  preeclampsia, increased  capillary
permeability, endothelial damage and rupture of its
basement membrane cause a state of capillary leakage
of fluids, electrolytes, and macromolecules that alters
the natural forces described by Starling. Thus, the
reduction of the colloid osmotic pressure of plasma
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Figure 1. Appearance of a normal capillary endothelial cell seen
with electron microscopy. The arrows show roughness that
increase their luminal surface. Courtesy of the Department of
Pathological Anatomy. High Specialty Medical Unit Gynecology
and Obstetrics Hospital No. 3. National Medical Center "La Raza".
Mexican Institute of Social Security. Mexico City, Mexico.

proteins (PCOP) occurs from the leakage of proteins
into the interstitial space and urine. **

Plasma colloid osmotic pressure

Plasma colloid pressure (PCP) is one of the

hemodynamic forces described in 1896 by Starling *
that makes it possible to maintain fluid balance in the
capillary circulation. The direction of flow between
the intravascular space and the interstitial space
depends on the balance of hydrostatic pressure forces,
protein concentration on either side of the capillary
membrane, and tissue lymphatic flow.

Figure 2. nterior of an endothelial cell seen with electron
microscopy. Areas of injury to its luminal membrane are observed
as a result of mechanical trauma due to hypertension (arrows) and
the formation of vesicles that internalize them into the cytoplasm
(endocytosis) as a repair mechanism. Courtesy of the Department of
Pathological Anatomy. High Specialty Medical Unit Gynecology and
Obstetrics Hospital No. 3. National Medical Center "La Raza". Mexican
Institute of Social Security. Mexico City, Mexico.
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Figure 3. Cross section of a cerebral blood vessel. The arrow points
to your wall. Inside there is a clot and a clear halo around the
vessel which corresponds to perivascular edema. This picture is
described as '"eclamptic vasculopathy". Courtesy of the
Department of Pathological Anatomy. High Specialty Medical
Unit of Gynecology and Obstetrics Hospital No. 3. National
Medical Center "La Raza". Mexican Institute of Social Security.
Mexico City, Mexico.

Under physiological conditions, PCP is
determined by the normal amounts of the main
circulating  proteins  (albumin, globulins, and
fibrinogen) and presupposes the integrity of the
capillary wall and glycocalyx, which functions as a
semi-permeable barrier. > When the osmotic effect of
electrolytes (sodium) that are naturally bound to the
protein structure (albumin) is added, the sum is
identified as PCOP.

PCOP received the attention it deserved until
Morissette ' reported its importance in the prognosis
of seriously ill patients because the author found that
patients with PCOP values greater than 18 mmHg
survived in 100% and all patients with values less than
9 mmHg died. Capillary leak syndrome is the name
given to the massive passage of plasmatic fluid into
the interstitial compartment due to the imbalance of
Starling pressures at the level of the microcirculation. °
In preeclampsia, this phenomenon is produced mainly
by three mechanisms, the first is the increase in

Figure 4. Microscopic image of the leakage of an erythrocyte
(diapedesis) through a site of rupture of the vascular wall.
Courtesy of the Department of Pathological Anatomy. High
Specialty Medical Unit Gynecology and Obstetrics Hospital No. 3.
National Medical Center "La Raza". Mexican Institute of Social
Security. Mexico City, Mexico.
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Figure 5. Microscopic image of glomerular endotheliosis. Courtesy
of the Department of Pathological Anatomy. High Specialty
Medical Unit Gynecology and Obstetrics Hospital No. 3. National
Medical Center "La Raza". Mexican Institute of Social Security.
Mexico City, Mexico.

C

hydrostatic pressure that is inherent to disorders of
vascular mechanic that is characterized by increased
blood pressure, the second is the increase in the
permeability index. secondary to endothelial
dysfunction, and the third is the drop in PCOP.

The colloid osmotic pressure of a liquid is
proportional to the number of solute particles
(proteins) it contains. In the case of human plasma, the
main osmotically active proteins are albumin,
globulins, and fibrinogen. Albumin is responsible for
75% to 85% of normal PCOP while the remainder is
dependent on globulins and fibrinogen. * Traditionally,
the PCOP has been calculated with the equation
originally described by Landis and Pappenheimer: "

PCOP can also be measured directly in the
patient with a device called a colloidosmometer that
uses a transducer with a semipermeable membrane.
This device was used by Wu et al. * in 1981 to
measure PCOP in newborns (Wescor Colloid
Omometer Model 4100, Amicon PM30
semipermeable membrane).

Plasma colloid osmotic pressure and pregnancy

In normal pregnancy, PCOP gradually
decreases during the first and second trimester, reaches
its lowest value between 30 and 34 weeks and
increases thereafter. The variations occur due to the
volume gain in the intravascular fluid that dilutes the
albumin and produces a reduction in its plasmatic
concentration. * The movement of fluid and protein
during the third trimester of normal pregnancy and
with preeclampsia does not follow the pattern of a
circadian cycle. * PCOP in women with normal term
pregnancy is 22 mmHg and decreases to around 16
mmHg postpartum as a result of blood loss and
administration of crystalloid solutions during labor. *
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Figure 6. Microscopic image of liver tissue showing multiple sites
of microbleeding. Courtesy of the Department of Pathological
Anatomy. High Specialty Medical Unit Gynecology and Obstetrics
Hospital No. 3. National Medical Center "La Raza". Mexican
Institute of Social Security. Mexico City, Mexico.

Plasma colloid osmotic pressure in preeclampsia

In normal pregnancy, PCOP is physiologically
reduced without major systemic repercussions. ' In
contrast, in women with preeclampsia, the plasmatic
concentration of albumin decreases due to the increase
in its passage into the interstitial space (capillary leak
syndrome) and the urinary loss that characterizes the
disease. Bathia et al reported in 1987 an
investigation about the mechanisms for the reduction
of PCOP in preeclampsia. The authors studied 32
patients with preeclampsia and 32 control patients and
found a more marked reduction in PCOP and greater
proteinuria in the group with preeclampsia, the
correlation was very high with elevated levels of
Fibronectin suggesting that endothelial injury is the
main mechanism for reduction of PCOP in
preeclampsia, rather than proteinuria.

In patients with pregnancy and preeclampsia,
PCOP has been reported to be 15 to 17 mmHg before
delivery and 13 to 14 mmHg in the immediate
postpartum period.  As in the case of women with
normal pregnancy, the decrease in PCOP in
preeclampsia also depends on the type and volume of
parenteral fluids wused for circulating volume
resuscitation and the amount of intrapartum
hemorrhage. ©* Na et al. ** have proposed that serial
PCOP measurements in the peripartum stage may be
useful to guide optimal fluid management in
preeclampsia, but other notable factors are added; the
severity of preeclampsia, the nutritional characteristics
of the population, the anthropometric variations of the
patients and the PCOP values related to the geographic
region. 1517,19

The PCOP has been used to measure capillary
leak in patients with preeclampsia by calculating the
Briones index (BI) which is obtained by dividing the
PCOP by the mean arterial pressure (MAP).

DOI 10.5281/zenodo.7979056



Vazquez Rodriguez JG et al.

AJMS * Am J Med Surg * June 2023; 12 (2).5-8

Authors Research site | No. Clinical condition PCOP

year cases mmHg
Briones Toluca, State 125
2000 17 of México Severe preeclampsia (n=87) 15.30+4.50
2006 38 Severe preeclampsia (n=38) 16+3.54

Mean 15.65+4.02
Vazquez Mexico City 517
20103 Severe preeclampsia (n=225) | 20.14+2.52
20113 Severe preeclampsia (n=92) 19.45+2.37
2017 1° Severe preeclampsia (n=200) | 19.58+8.94

Mean 19.72+4 .50
Rodriguez 4° Mexico City 106 | Severe preeclampsia (n=106) | 19.34+2.79
2014
Garzén 41 Mexico City 30 | Severe preeclampsia (n=30) 18.79+2.64
2016 and biopsy of the parietal

peritoneum

Vazquez 1° Obregdn City, | 172 | Severe preeclampsia (n=172) | 18.10+£2.18
2017 Sonora
Total — 950 — —
Average of the - e o 18.32+3.24
means

PCOP; plasma colloid osmotic pressure

Table 1. Research in Mexico on plasma colloid osmotic pressure in pregnant patients with preeclampsia. *

Briones index = PCOP mmHg / MAP mmHg

The PCOP is also used to calculate the hydrostatic
gradient. *

Hydrostatic gradient = PCOP mmHg — Pulmonary
artery wedge pressure mmHg

Martell-Claros et al. * have found that PCOP
and BI are useful tools for measuring capillary leak
syndrome in preeclampsia and not circulating albumin
concentration.

Capillary leak syndrome is clinically
identified by the exaggerated increase in maternal
weight with edema of the pelvic limbs, generalized
edema, and fluid collection in the cavities formed by
serous membranes (pericardium, pleurae, peritoneum).
In extreme cases, anasarca can occur with acute
pulmonary edema and cerebral edema. These findings
are considered complications that can increase the
morbidity of the patients. **

Albumin as a drug

Albumin is the most abundant protein in
plasma. Its molecule is made up of 585 amino acids
with 17 disulfide bridges and has a molecular weight
of 67,000 Daltons. ° The total albumin content in the
body exceeds 300 grams of which 40% (120 grams)
are found in plasma. For every 500 ml of bleeding,
only 12 grams of albumin (4% of total body albumin)
are lost. Albumin deficiency is replaced by hepatic

www.amjmedsurg.org

synthesis within 3 days. Under normal conditions, the
concentration of total plasma proteins varies between
6.2 and 7.9 g/dL, while the albumin concentration is
between 3.6 and 5.2 g/dL. When the plasma albumin
concentration is <2 g/dL, edema usually occurs.”
Albumin exerts between 75% and 85% of the oncotic
pressure of blood, is synthesized by liver cells, enters
the circulation via sinusoidal vessels, and remains in
the bloodstream for approximately 21 days. Hepatic
sinusoidal spaces are permeable to albumin and other
high molecular weight proteins such as fibrinogen. **
After intravenous administration, human
albumin has a half-life of 16 hours and 48 hours are
required to reach equilibrium between the
intravascular and interstitial compartments. It has
about 75 to 85% intravascular osmotic capacity as 1
gram of albumin binds to about 18 mL of water.
Exogenous albumin solution at a concentration of 5%
is iso-osmotic with plasma and has been used as a
circulatory volume expander. ° Solutions with 20%
and 25% albumin have concentrations 4 and 5 times
higher than plasma. Therefore, when administered
intravenously, for each volume of solution the blood
volume increases 3.5 times in a period of 15 minutes.
The effect is due to the passage of fluid from
the interstitial to the intravascular space. This
movement of fluid in patients with heart failure can
cause acute circulatory overload. There is also a risk of
a potential aggravation of interstitial dehydration in
patients with tissue hypoperfusion due to pathologies
such as hypovolemic or septic shock. For this reason,
it is recommended that in cases of dehydration,
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solutions with 0.9% sodium chloride or lactated
Ringer-type solutions be infused at the same time. Due
to the osmotic capacity of albumin, it is recommended
that for every 100 ml of 20% albumin infused, about
360 ml of saline should be administered. ’

Albumin replacement has been used
specifically in patients with edema and severe
hypoalbuminemia (<2 g/dL), but without evidence of
heart failure. The dose is 37 grams in 24 hours, which
is equivalent to a 50 ml vial containing 25% albumin
administered every 8 hours. The expansion power of
albumin is the equivalent of 450 ml in a period of 60
min. Furthermore, 1 gram of albumin exerts an oncotic
pressure of 5.54 mmHg and 1 gram of globulins
produces an oncotic pressure of 1.43 mmHg. These
physiological data are used in the clinical setting of the
patients to calculate the PCOP in an approximate way,
the average values in healthy adult subjects are
21.1+1.2 mmHg. **

The use of human albumin solutions has
varied over time due to the imprecise and occasionally
contradictory conclusions of clinical studies, to the
lack of clear direction and the existence of
misconceptions. Joannidis et al. ** published a
narrative review in 2022 in which they addressed ten
myths and summarized the current evidence. The
authors address the belief that albumin leaks from the
intravascular space into the interstitial compartment
and contributes to edema. The authors respond that
this concept is incorrect and argue that up to 5% of
intravascular albumin leaks per hour into the
extravascular space with a mean distribution time of
15 hours. The transcapillary leak rate depends on the
endothelial barrier function and the glycocalyx, after
the extravascular leak the albumin is incorporated into
the bloodstream through the lymphatic system at a rate
similar to that of the transcapillary leak rate and does
not remain in the interstitium. In the pulmonary
territory, the lymphatic system is capable of increasing
up to seven times its capacity to recover interstitial
fluid and proteins. Myth number two refers to the
intravascular expansion capacity of albumin, the
authors argue that the intravascular expansion with
albumin is greater than that of crystalloid solutions.
This property can be exploited to temporarily increase
the effect of loop diuretic agents administered after
infusing albumin solutions and improve uresis in
selected cases. Other myths are discussed and the
answers are argued with current data. The authors
conclude that correction of hypoalbuminemia and
PCOP do not prevent the occurrence of acute kidney
injury in all cases and that it is still uncertain whether
albumin replacement can improve survival in cases
with sepsis, it does not directly increase injury cerebral
trauma, does not increase the mortality of critically ill
patients and yes, replacement with intravenous
albumin can increase the sodium chloride load, but in
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an irrelevant way. Some of these statements may apply
to patients with preeclampsia, but the discussion of the
ten myths does not include it as a specific topic. *
Intravenous albumin has the following
advantages: (a) It is a commercially available drug in
many countries. (b) Does not necessarily require an
infusion pump or special equipment. (¢) Sun
protection of the infusion line is not a priority. (d)
Does not transmit germs (bacteria, viruses, fungi). (e)
It has not been associated with allergic processes. (f) It
does not alter coagulation mechanisms or interfere
with other laboratory measurements. (g) The sodium
chloride overload is irrelevant. (h) The rate of the
infusion is easily regulated. (i) Accidents due to rapid
drip are rare because the colloidal solution that
contains it cannot be infused at a high rate. (j) Its
administration can be repeated periodically, that is,
there is no maximum dose. The main disadvantages
are: (a) It is a relatively expensive drug. (b) It needs to
be stored in a cool place without direct exposure to the
sun. (c¢) It is recommended to have access to the
patient's hemodynamic monitoring during her
infusion, but nonetheless in an Intensive Care Unit
(ICU). (d) A chest X-ray and arterial blood gases may
be mnecessary in selected cases. (e) Periodic
determinations of PCOP and plasma albumin
concentration are recommended to regulate criteria for
continuing or ending its administration. (f) Fluid
overload is more likely in patients with heart failure
and oliguria-anuria of any cause. (g) Albumin infusion
does not prevent or recover from acute kidney injury.

Intravenous albumin replacement in preeclampsia

Intravenous replacement with exogenous
human albumin has shown encouraging results in
critically ill patients, with tissue destruction from
extensive burns, septic shock, acute respiratory
distress syndrome, chronic kidney disease with
nephrotic syndrome ("heavy" proteinuria), pancreatic
insufficiency, liver disease with ascites, and in patients
undergoing extensive surgery. “*** In the field of
preeclampsia, the effect of albumin replacement on
intrauterine growth restriction, * intervillous blood
flow,  and maternal blood pressure has been studied.
* Despite the fact that it has been documented for
decades that PCOP is reduced in patients with
preeclampsia and that capillary leak syndrome causes
greater maternal deterioration **'*"**"* there has been
no sufficient evidence that intravenous human albumin
replacement is entirely useful in this type of patient.
Initially, plasma albumin concentration has not shown
its strength as a criterion of severity of preeclampsia, '
and studies of replacement with crystalloid solutions,
plasma-expanding agents, and intravenous albumin
related to maternal benefit have been inconclusive.
Crystalloid solutions do mnot expand maternal
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circulating volume and significantly reduce PCOP.
M3 Previous research has found that the
administration of albumin solutions only reduces the
postpartum drop in PCOP, but does not correct it.
Jones et al. *reported in 1986 the results of a clinical
study carried out to compare the effect of the infusion
of crystalloid solutions (1,000 ml), Plasma-Lyte A
solution (2,000 ml) and a 5% albumin solution (1,000
ml) on the peripartum PCOP. Before elective
caesarean section, 45 patients received one of the three
infusions. The lowest PCOP (16.6£1.1 mmHg,
p<0.05) occurred in the infusion group with 2,000 ml
crystalloid solutions 8 to 16 hours after delivery.
Although PCOP fell in all groups, the reduction was
significantly less (p <0.05) in the 5% albumin infusion
group. The authors concluded that the only advantage
of infusing 5% albumin solutions would be to
minimize hydrostatic pressure gradient reduction to
avoid acute pulmonary edema in selected patients.

Maternal circulatory volume expansion has
also shown no maternal and fetal benefits. Based on
the premise that plasma volume expansion may benefit
both mother and newborn in early-onset and severe
hypertensive disorders of pregnancy, Ganzevoort et al.
* conducted a randomized clinical trial at two
university hospitals in Amsterdam, the Netherlands.
They included 216 patients with a pregnancy between
24 and 34 weeks with severe preeclampsia, HELLP
syndrome, or severe fetal growth restriction who were
admitted between April 1, 2000 and May 31, 2003.
The treatment group (expansion of plasmatic volume
with 200 ml of 6% Starch (Hydroxy Ethil Starch)
infused for 4 hours every 12 hours was formed with
111 patients and the control group (intravenous fluid
restriction) included 115 cases. The authors found that
plasma volume expansion did not improve maternal or
fetal outcome.

As a consequence, over the years the
plasmatic albumin concentration has not been
considered as a criterion of severity of preeclampsia
and PCOP has not been included as a goal of
peripartum  pharmacological =~ management  of
preeclampsia by experts from official organizations of
the countries that make up the geographic area of
North America (Canada, United States of America,
Mexico). **

Investigations in Mexico of intravenous albumin
replacement in preeclampsia.

In Mexico, PCOP in pregnant patients with
preeclampsia has been a research topic for many years.
Table 1 shows the most representative studies.
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Three tertiary care centers that belong to the
national health sector system (Gynecology and
Obstetrics Hospital of the Maternal-Infant Institute of
the State of Mexico, Gynecology and Obstetrics
Hospital of the Institute for the Integral Development
of the Family, Toluca, State of Mexico , General
Hospital of México in Mexico City) have implemented
a protocol that includes colloid solutions (25%
albumin in a bottle containing 50 ml, or fresh frozen
plasma 15 ml/K weight intravenously every 8 hours)
to which attribute better results compared to other
previous management schemes that did not include
them. 243

The High Specialty Medical Unit, Gynecology
and Obstetrics Hospital No. 3 of the National Medical
Center "La Raza" which belongs to the Mexican
Institute of Social Security in Mexico City has the
resource of an ICU in which nine parameters have
been implemented of prenatal management of
preeclampsia. The protocol includes the PCOP
calculated with the formula [(plasma albumin g/dL x
5.54) + (plasma globulins g/dL. x 1.43)]. The
therapeutic goal is set at 24+2 mmHg and the resource
for its correction consists of 25% albumin in a bottle
containing 50 ml, administered as an intravenous
infusion for 30 minutes every 8 hours. The therapeutic
goal was achieved in only 11% of the pregnant
patients with severe preeclampsia reported by Vazquez
et al. “in 2020.

In a review of the Mexican literature from
1997 to 2018 on PCOP in preeclampsia, intravenous
albumin administration is recommended in patients
with prepartum PCOP <20 mmHg and postpartum
PCOP <18 mmHg with continuous monitoring of the
peripartum period in the ICU to detect fluid overload
early and prevent acute pulmonary edema and cerebral
edema. *

Conclusion

In preeclampsia, clinical data on capillary leak
syndrome (anasarca, pleural effusion, pericardial
effusion, ascites), PCOP calculation, and Briones
index may be the most useful tools for selecting
potential ~ patients for albumin replacement.
intravenously. The medical team should consider that
albumin replacement has not shown direct maternal-
fetal benefits and that it is not a substitute for more
radical measures in the management of preeclampsia,
such as the use of antihypertensive drugs, crystalloid
solutions, termination of pregnancy, continuous
follow-up in a ICU for early detection of
complications and multidisciplinary management.

The window of opportunity remains open to
carry out research on endothelial damage and its
recovery mediated by selective drugs, the role of the
glycocalyx in preeclampsia, alterations of the vascular
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wall in the maternal territory, and the role of albumin
replacement to correct disturbances of Starling forces
that occur in maternal microcirculation. ®* These
themes have not been exhausted.

Conflicts of interests

The authors have no conflicts of interest to
declare.

References

1. Mustafa R, Ahmed S, Gupta A, Venuto RC. A
comprehensive review of hypertension in pregnancy. J
Pregnancy. 2012;2012:105918.
https://downloads.hindawi.com/journals/jp/2012/105918.p
df

2. Abramova MY, Churnosov MI. Modern concepts of
etiology, pathogenesis and risk factors for preeclampsia.
Journal of Obstetrics Women’s Diseases. 2021;70(5):105—
16.

https://journals.eco-
vector.com/jowd/article/view/77046/69979

3. Pankiewicz K, Fijatkowska A, Issat T, Maciejewski TM.
Insight into the key

points of preeclampsia pathophysiology: Uterine artery
remodeling

and the role of MicroRNAs. Int J Mol Sci.
2021;22(6):3132.

https://doi.org/10.3390/ijms22063132

4. Dimitriadis E, Rolnik DL, Zhou W, Estrada-Gutierrez G,
Koga K, Francisco RPV, et al. Pre-eclampsia. Nat Rev Dis
Primers. 2023;9:8
https://doi.org/10.1038/s41572-023-00417-6

5. Redman CWG. Pre-eclampsia and the placenta.
Placenta. 1991;12(4):301-338.
https://doi.org/10.1016/0143-4004(91)90339-H

6. Ruiz Alvarez MJ, Bouarich H, Ofiate S, Rodriguez
Puyol D, Arribas I. Diferencias en el patron de sintesis de
factores vasoactivos en la hipertension gestacional y en la
preeclampsia. Nefrologia. 2007;27(3):329-334.
https://revistanefrologia.com/es-pdf-X0211699507021358
7. Anim-Nyamea N, Gambleb J, Soorannaa SR, Johnsona
MR, Steer PJ.

Microvascular permeability is related to circulating levels
of tumour

necrosis factor- a in pre-eclampsia. Cardiovascular
Research. 2003;58:162—-169.

DOI: 10.1016/s0008-6363(02)00844-1.

8. Starling EH. On the absorption of fluids from the
connective tissue spaces. J Physiol. 1896;19:312.

DOI: 10.1113/jphysiol.1896.sp000596

9. Griffel MI, Kaufman BS. Pharmacology of colloids and
crystalloids. Crit Care Clin. 1992;8(2):235-253.
https://doi.org/10.1016/S0749-0704(18)30249-5

10. Morissette MP. Colloid osmotic pressure: its
measurement and clinical value. CMA Journal.
1977;116:897-900.
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC1879402/
pdf/canmedaj01502-0074.pdf/?tool=EBI

11. Landis EM, Pappenheimer JR. Handbook of
Physiology. Vol. 2. Baltimore. William and Wilkins Co.
1963. pp.961.

12. Wu PYK, Rockwell G, Chan L, Wang S, Udani V.
Colloid osmotic pressure in newborn infants: Variations
with birth weight, gestational age, total serum solids and
mean arterial pressure. Pediatrics. 1981;68(6):814-819.

https://doi.org/10.1542/peds.68.6.814

13. Wu PYK, Udani V, Chan L, Miller FC, Henneman CE.
Colloid osmotic pressure: variations in normal pregnancy.
J Perinat Med. 1983;11(4):193-199.

DOI: 10.1515/jpme.1983.11.4.193

14. Tsukimori K, Shimokawa H, Miyamato S, Uezono K,
Nakano H. Circadian variations of plasma colloid osmotic
pressure during the third trimester in normal and
preeclamptic pregnancies. Clin Exp Hypert.
1989;8(2):331-342.
https://doi.org/10.3109/10641958909072248

15. Kaminski Jr MV, Haase TJ. Albumin and colloid
osmotic pressure implications for fluid resuscitation. Crit
Care Clin. 1992;8(2):311-321.
https://doi.org/10.1016/S0749-0704(18)30252-5

16. Bhatia RK, Bottoms SF., Saleh AA., Norman GS,
Mammen EF, Sokol RJ. Mechanisms for reduced colloid
osmotic pressure in preeclampsia. Am J Obstet Gynecol.
1987;157(1):106-108.
https://doi.org/10.1016/S0002-9378(87)80356-3

17. Briones-Gardufio JC, Diaz de Leon-Ponce M, Gomez-
Bravo Topete E, Avila- Esquivel F, Ochoa-Ruiz Esparza
C, Briones-Vega CG, et al. Medicion de la fuga capilar en
la preeclampsia eclampsia. Cir Cir. 2000;68:194-197.
https://www.medigraphic.com/pdfs/circir/cc-
2000/cc005b.pdf

18. Na YD, Kim AR. Measurement of colloid osmotic
pressure in pregnancy induced hypertensive patients.
Korean Jour Anesth. 1998;34:108-113.
https://ekja.org/upload/pdf/kjae-34-108.pdf

19. Vazquez-Rodriguez JG, Cruz-Martinez FJ, Rodriguez-
Tovar P, Lizarraga-Méndez CS, Victoria-Teran SC.
Comparison of plasma colloid osmotic pressure of patients
with severe preeclampsia at sea level and Mexico City.
Ginecol Obstet Mex. 2018;86(7):447-455.
https://www.scielo.org.mx/pdf/gom/v86n7/0300-9041-
gom-86-07-447.pdf

20. Rackow EC, Fein IA, Leppo J. Colloid osmotic
pressure as a prognostic indicator of pulmonary edema and
mortality in the critically ill. Chest 1977;72;709-713.
https://journal.chestnet.org/article/S0012-3692(16)52555-
0/fulltext

21. Martell-Claros N, Abad-Cardiel M, Garcia-Donaire J,
De Los Santos C,

Gonzalez V, Fuentes M, et al. Hypoalbuminemia as a risk
factor of preeclampsia/eclampsia in high risk pregnancy. J
Hypertens. 2019;37 (e-Supplement 1):e240.
https://journals.lww.com/jhypertension/abstract/2019/0700
1/hypoalbuminemia_as_a risk factor of preeclampsia .7
06.aspx

22. Norwitz ER, Hsu CD, Repke JT. Acute complications
of preeclampsia. Clin Obstet Gynecol. 2002:45(2):308—
329.
https://ubccriticalcaremedicine.ca/academic/jc_article/Acut
€%20Complications %200f%20Preeclampsia%20(Apr-30-
09).pdf

23. Vazquez Rodriguez JG. Plasma colloid osmotic
pressure, Briones index

and ascites in preeclampsia-eclampsia. Cir Cir.
2010;78:133-139.
https://www.medigraphic.com/pdfs/circir/cc-
2010/cc102f.pdf

24. Alderson P, Bunn F, Lefebvre C, Li Wan PA, Li L,
Roberts I, et.al. Human albumin solution for resuscitation
and volume expansion in critically ill patients. (Review).
The Cochrane Database of Systematic Review. 2004;3:1-
26.
https://researchonline.lshtm.ac.uk/id/eprint/17521/1/G)-
2002-The_Cochrane_library.pdf

www.amjmedsurg.org DOI 10.5281/zenodo.7979056



Vazquez Rodriguez JG et al.

25. Choi PT, Yip G, Quifiones LG, Cook DJ. Crystalloids
vs. colloids in fluid resuscitation: a systematic review. Crit
Care Med. 1999;27(1):200-210.
https://journals.lww.com/ccmjournal/Abstract/1999/01000/
Crystalloids_vs colloids_in_fluid resuscitation_.53.aspx
26. Joannidis M, Wiedermann CJ, Ostermann M. Ten
myths about albumin. Intensive Care Med. 2022;48:602—
605.

https://doi.org/10.1007/s00134-022-06655-8

27. Fadnes HO, Pape JF, Sundsfjord JA. A study on
oedema mechanism in nephrotic syndrome. Scand J Clin
Lab Invest. 1986;46(6):533-538.

DOI: 10.3109/00365518609083709

28. Kaneoka T, Taguchi S, Shirakawa K. Albumin therapy
and intrauterine growth retardation in gestosis. Clin Exp
Hypertens B. 1983;2(1):29-39.

DOI: 10.3109/10641958309023457

29. Jouppila P, Jouppila R, Koivula A. Albumin infusion
does not alter the intervillous blood flow in severe
preeclampsia. Acta Obstet Gynecol Scand. 1983;
62(4):345-348.

DOI: 10.3109/00016348309156236

30. Stratta P, Canavese C, Dogiliani M, Gurioli L, Porcu
MC, Todros T, et. al. Repeated albumin infusions do not
lower blood pressure in preeclampsia. Clin Nephrol.
1991;36(5):234-239.
https://pubmed.ncbi.nlm.nih.gov/1752073/

31. Benoit J, Rey E. Preeclampsia: Should plasma albumin
level be a criterion for severity? J Obstet Gynaecol Can.
2011;33(9):922-926.
https://doi.org/10.1016/S1701-2163(16)35017-4

32. Jones MM, Longmire SB, Cotton DB, Dorman KF,
Skjonsby BH, Joyce TH 3. Influence of crystalloid versus
colloid infusion on peripartum colloid osmotic pressure
changes. Obstet Gynecol. 1986;68(5):659-661.
https://pubmed.ncbi.nlm.nih.gov/3763079/

33. Ganzevoort W, Rep A, Bonsel GJ, Fetter WPF, van
Sonderen L, De Vries JIP, et.al. A randomised controlled
trial comparing two temporising management strategies,
one with and one without plasma volume expansion for
severe and early onset pre-eclampsia. BJGO.
2005;112:1358-1368.

doi: 10.1111/5.1471-0528.2005.00687 .x.

34. The Society of Obstetricians and Gynecologists of
Canada. Clinical Practice Guideline. Diagnosis, evaluation,
and management of the hypertensive disorders of
pregnancy: executive summary. J Obstet Gynaecol Can
201;36(5):416-438.
https://www.jogc.com/action/showPdf?pii=S1701-
2163%2815%2930588-0

35. Gestational hypertension and preeclampsia. ACOG
Practice Bulletin No. 202. American College of
Obstetricians and ~ Gynecologists.  Obstet  Gynecol
2019;133:e1-25.

https://emcrit.org/wp-
content/uploads/2016/12/10.1097@AOG.00000000000030
18.pdf

36. Prevencion, diagnostico y manejo de la
preeclampsia/eclampsia. Lineamiento técnico. México.
Secretaria de Salud. 2007.
http://www.salud.gob.mx/unidades/cdi/documentos/PREE
CLAMPSIA_ECLAMPSIA_1in-2007.pdf

37. Guia de Practica Clinica. Actualizacion 2017.
Prevencion, diagnostico y tratamiento de la preeclampsia
en el segundo y tercer nivel de atencion. México.
Secretaria de Salud. 2017.
http://www.cenetec-difusion.com/CMGPC/IMSS-058-
08/ER.pdf

www.amjmedsurg.org

AJMS * Am J Med Surg * June 2023; 12 (2).5-8

38. Briones-Garduiio JC, Diaz de Leo6n-Ponce M,
Rodriguez Roldan M, Briones-Vega CG, Torres-Pérez J.
Dialisis peritoneal en pacientes obstétricas. Cir Cir
2006;74:15-20.

39. Vazquez-Rodriguez JG, Veloz-Martinez MG. Pleural
effusion and ascites in severe preeclampsia: Frequency and
correlation with plasma colloid osmotic pressure and renal
filtration function. Cir Cir 2011;79(4):299-305.
https://www.researchgate.net/publication/51666727

40. Rodriguez-Tovar P, Vazquez-Rodriguez JG, Cruz-
Martinez FJ. Comparacion del efecto de la administracion
parenteral de soluciones cristaloides y albimina humana
sobre la presion coloidosmotica plasmatica de pacientes
embarazadas preeclampticas. Registro IMSS: R-2014-
3504-4. México. TESIUNAM; Julio del 2014.
http://132.248.9.195/ptd2014/agosto/0717274/0717274.pdf
41. Garzon-Garcia A, Vazquez-Rodriguez JG. Cambios
estructurales de las arterias y capilares del peritoneo
parietal y su relacion con la presion coloidosmotica
plasmatica en pacientes embarazadas preeclampticas con
datos de severidad. Registro IMSS: R-2016-1905-32.
TESIUNAM; Agosto del 2016.
http://132.248.9.195/ptd2016/agosto/0749757/0749757.pdf
42. Briones-Garduiio JC, Gomez-Bravo Topete E, Avila-
Esquivel F, Diaz de Leon-Ponce M. Experiencia TOLUCA
en preeclampsia-eclampsia. Cir Ciruj. 2005;73:101-105.
https://www.medigraphic.com/pdfs/circir/cc-
2005/cc052f.pdf

43. Briones-Garduiio JC. Diaz de Leon-Ponce M. Gomez
Bravo-Topete E, Avila- Esquivel F, Briones-Vega CG,
Urrutia TF. Protocolo de manejo en la preeclampsia-
eclampsia. Estudio comparativo. Cir Cir. 1999;67(1):4-10.
https://www.imbiomed.com.mx/articulo.php?id=7521

44. Vazquez-Rodriguez JG, Herrera-Escobedo 1. Goals of
prepartum treatment of preeclamptic patients in the
intensive care unit. Ginecol Obstet Mex. 2020;88(1):14-22.
https://doi.org/10.24245/gom.v88i1.3398
https://doi.org/10.24245/gom.v88i1.3398

45. Vazquez Arredondo JG, Vazquez Rodriguez JG.
Plasma colloid osmotic pressure. Review of the mexican
literature 1997-2018. Cir Cir. 2021;89(4):547-552.
https://www.scielo.org.mx/pdf/cicr/v89n4/0009-7411-cir-
89-4-547.pdf

Juan Gustavo Vazquez Rodriguez

Intensive Care Unit and

Department of Pathological Anatomy

High Specialty Medical Unit Gynecology and Obstetrics
Hospital No. 3 National Medical Center "La Raza".
Mexican Institute of Social Security.

Mexico City, Mexico.

DOI 10.5281/zenodo.7979056



