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ABSTRACT

Background: Ovarian hyperstimulation syndrome (OHSS) is a potentially life-
threatening complication including pleural effusion, acute renal insufficiency, and
venous thromboembolism associated with controlled ovarian stimulation during
assisted reproductive technology. A number of clinical studies have reported on the
use of plasma expanders such as albumin, hydroxyethyl starch (HES), mannitol,
polygeline, and dextran as a possible intervention for the prevention of OHSS.
Objective: The purpose of this study was comparing the efficacy and cost-
effectiveness of mannitol rather than albumin for the treatment of severe OHSS.
Materials and Methods: We conducted a single-center and comparative
randomized clinical trial with two parallel patient groups. 47 patients with severe
OHSS were selected with inclusion criteria.

In the albumin group (n=26), patients received 100 g/day intravenous albumin.
Mannitol therapy (n=21) started twice a day using 100 gr mannitol infusion over 4
hours. Patients were monitored according to the standard protocol. Statistical
analysis will be performed to analyze and compare the data between two groups in
order to determine the efficacy (based on the abdominal circumference,
intake/output of fluid, correction of blood electrolytes), side effects, and cost of drug
therapy between the two treatment modalities.

Results: The efficacy of drug therapy was evaluated by examining the results of
daily urine output, serum biochemistry analytes, weight, and abdominal
circumference in both groups. There were no significant differences between the two
study groups in terms of patient age, clinical signs and symptoms, and laboratory
findings such as hematocrit, creatinine, potassium, fluid intake/output, weight, and
abdominal size. Significant improvement of OHSS syndrome was observed in
patients using mannitol which no patient has reported any side effects such as
respiratory distress syndrome, renal failure, or thromboembolism. In the albumin
group, 15.38 % of patients presented with acute respiratory distress syndrome
(ARDS). Another outcome of this study was the significant economic difference
between the two managements of severe ovarian hyperstimulation syndrome.
Mannitol therapy was obviously cost-effective versus albumin therapy.
Conclusion: The use of mannitol is comparable and superior to albumin for the
treatment of severe OHSS with regard to the protective effect against the occurrence
of acute respiratory distress syndrome. Base on this study, its cost-effectiveness
makes mannitol an ideal drug for OHSS treatment. This study suggests that mannitol
can be first-line therapy for the treatment of severe OHSS, therefore, the addition of
mannitol as a treatment of ovarian hyperstimulation syndrome is recommended in
the drug pharmacopeia.

Keywords: Ovarian Hyperstimulation Syndrome (OHSS), Mannitol, Albumin,
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Introduction

Ovarian hyperstimulation syndrome (OHSS) is an iatrogenic complication of assisted reproduction techniques (ART),
which can occur following controlled ovarian hyperstimulation and after the injection of human chorionic
gonadotropin (HCG) . The reported prevalence of the severe form of OHSS is small, ranging from 0.5 to 5% 2. Due
to leakage of fluid through the impaired blood vessels both within and outside the ovary, there is a massive fluid shift
from the intravascular space to the third compartment, that results in intravascular hypovolemia with concomitant
development of edema, ascites, hydrothorax, and/or hydropericardium 3. Severe OHSS can lead to serious and
potentially life-threatening complications, including pleural effusion, acute renal insufficiency, and venous
thromboembolism 4. Extravasation of fluid and resultant renal dysfunction resulting from decreased perfusion leads
to oliguria. Increased reabsorption of sodium and water which occurs in the proximal tubule, leads to low urinary
sodium excretion °. The exchange of hydrogen and potassium for sodium in the distal tubule is reduced causing,
hyperkalemia and a tendency to develop acidosis. The hypovolemia of OHSS leads to hemoconcentration and creates
a hypercoagulable state 6.

The main goal of treatment is maintaining circulatory volume and electrolyte balance 7. Efforts should be directed
toward restoring a normal intravascular volume and preserving adequate renal function. This may be achieved by
using colloid plasma expanders 8. A number of clinical studies with conflicting results have reported on the use of
plasma expanders such as albumin, hydroxyethyl starch (HES), and mannitol as a possible intervention for the
treatment of OHSS 7°-11, The ideal colloid solution for the treatment of patients with severe OHSS is still unknown .
Human albumin protein, however, is considered the most physiologic solution for this purpose. It may act by binding
and inactivating substances implicated in the pathogenesis of OHSS, such as vascular endothelial growth factor 1214,
or by increasing the colloid oncotic pressure of the plasma, thus drawing fluid from the third compartment 3. It is an
animal product and its supply worldwide is faced with limitations including difficult production process high cost,
allergic reactions, and virus/prion transmission "5,

Mannitol is a sugar alcohol 617 that works as an osmotic diuretic 8. It causes osmotic diuresis by increasing the
osmotic pressure in the glomerular filtrate and preventing water and electrolyte reabsorption. Infusion of mannitol is
approved for controlling increased intracranial pressure in brain edema, increased intraocular pressure (I0OP), and the
stimulation of the urinary excretion of certain toxins 18, In addition, mannitol has been promoted as a renal protective
agent in patients at high risk of developing renal failure, such as those undergoing cardiac and vascular surgery, renal
transplantation, and in patients with jaundice and rhabdomyolysis 8. Former publications reported a benefit of
prophylactic administration of mannitol before and immediately after oocyte retrieval in women at high risk for severe
OHSS 6. In this novel study, we compared the safety, efficacy, and cost-effectiveness of aloumin vs. mannitol therapy
in the management of severe ovarian hyperstimulation syndrome (OHSS) patients.

Material and Methods

This study is a controlled clinical trial was performed in the Sarem Women’s Hospital (Tehran, Iran). In this trial, 47
patients (24 to 40 years old) with severe ovarian hyperstimulation syndrome (OHSS) admitted to the hospital by the
presence of rapid weight gain, tense ascites, hemodynamic instability, respiratory difficulty, progressive oliguria
(<300mL/d or <30mL/h), and laboratory abnormalities including hematocrit>48%, hyponatremia (<135mEq/l),
hyperkalemia (>5.0mEq/l), and elevated creatinine (>1.2mg/dl). They divided randomly into two parallel groups that
treated with aloumin or mannitol (Figure 1). Exclusion criteria were patient reluctance and no cooperation, intolerance
to treatment, or exacerbation of symptoms. In the albumin group, 26 patients received 100 g/day intravenous albumin
(OCTAPHARMA AG, Switzerland) over 4 hours. In the mannitol group, 21 patients received an intravenous infusion
of 100 gr mannitol over 4 hours, twice a day. Rapid initial hydration by 500 ml of normal saline 0.9% and then 30
ml/kg/day, by intravenous intake, perform for both groups. Careful clinical monitoring and evaluation of the drug dose
during infusion, electrolyte control and correction (if necessary), and maintaining a serum osmolality less 300-320
mOsm/kg are also considered to minimize the side effects of the drugs. Patients in both treatment groups and statistical
analysts were unaware of the type of medications (a double-blind study). The efficacy of the study medications was
compared between the two groups in terms of routine vital signs, abdominal examinations, pulmonary auscultation,
and measurement of abdominal circumference, patient’s weight, diuresis, serum biochemistry, and fluid intake/output.
In addition, complications such as acute renal failure, acute respiratory distress syndrome, and thromboembolism were
investigated in two groups. Also, a cost-effectiveness analysis was performed in albumin and mannitol therapy groups.
Finally, the data of the study were analyzed by descriptive and analytical statistics using IBM SPSS software (Version
25, IBM Corp., Armonk, N.Y., USA). Kolmogorov-Smirnov statistical test was used to determine the normal
distribution of quantitative data. Due to the non-normal distribution of data, the nonparametric Mann-Whitney U test
was used to compare the means, and also for the qualitative data, Fisher's exact test was used. For the analysis of the
results, the principle of “intention to treat” is used.
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Figure 1. Study flow diagram (CONSORT 2010), Intention to treat (ITT) approach

Results

In this study, the overall results of treatment of OHSS patients with mannitol in comparison with albumin therapy in
severe cases of OHSS, including efficacy, side effects, and costs were analyzed. The mean age of patients in the
albumin group was 31.69 years and in the mannitol group was 32.52 which is not a significant difference between
them (PV>0.05). The efficacy of drug therapy was evaluated by examining the results of daily urine output, serum
biochemistry analytes, vital signs, weight, and abdominal circumference. There was no significant difference in
clinical signs and symptoms including heart rate, respiration rate, body temperature, weight, and abdominal
circumference between the two study groups (PV>0.05). Also, some laboratory findings including hemoglobin,
hematocrit, creatinine, blood urea nitrogen, blood sugar, and potassium were not significantly different between the
two study groups (P>0.05), while blood sodium and osmolality were significantly lower in the mannitol group
(P<0.05) (Table 1). There was an obvious improvement in the general condition of patients taking mannitol versus
albumin. Mean daily urinary excretion was significantly higher in the mannitol therapy group than the albumin group
(P<0.05); however, since fluid intake in the mannitol group was higher, the ratio of fluid intake to urinary excretion
was higher in the mannitol group, which was not significant (P>0.05). Correction of oliguria/anuria and urinary output
process, as an indicator of renal function and patient recovery, was significant in the mannitol group (Table 1).
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Table 1. Comparison of parameters in the albumin and the mannitol therapy groups!
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Parameter Albumin Group Mannitol Group Mean P-Value
(n =26) (n=21) Difference
Mean £ SD Mean £ SD
Age 31.69+45 3252+38 0.83 0.51
Pulse Rate (bpm) 84.85+8.6 84.62+8.1 -0.22 0.92
Respiratory Rate (bpm) 19.08+1.5 18.10+0.9 -0.98 0.06
Temperature (°C) 36.88£0.3 36.86 £0.2 -0.02 0.79
Weight (kg) 69.27 +11.8 67.97 +13.0 1.30 0.21
Abdominal Circumference (cm) 95.15+ 115 94.01+£12.2 -1.15 0.74
Blood Biochemistry
Hematocrit (%) 35.07+5.0 36.23+5.3 1.15 0.53
Hemaoglobin (g/dl) 11.60+1.9 12.07+2.0 0.47 0.59
Creatinine (mg/dl) 0.80+0.1 0.84+0.2 0.03 0.45
Blood Urea Nitrogen (mg/dl) 11.08 +4.3 9.00+3.0 -2.08 0.07
Blood Sugar (mg/dl) 9442 +31.5 95.95+25.3 1.52 0.85
Sodium (mEq/1)2 136.04 +2.3 132.14 +3.8 -3.89 0.00
Potassium (mEg/I) 4.13+04 4.14+£0.3 0.01 0.92
Osmolality (mOsm/kg) 289.29 +5.3 269.26 + 2.7 -20.03 0.00
1905.76+99.5 3027.62+144.2 1121.86 0.00
-141.81+37.9 -194.25+ 47.8 -52.44 0.52

! The non-parametric statistical test, Mann-Whitney U, was used.
2 Significant statistical difference have been observed (P<0.05)

Seven cases (26.92%) in the albumin group experienced acute respiratory distress syndrome, while no cases were
observed in the mannitol group, which was a statistically significant difference (PV<0.05). However, no complication

of renal failure and thromboembolism was seen in the two groups (Table 2).

Table 2. Comparison of adverse effects in the aloumin and the mannitol therapy groups*

Parameter Albumin Group Mannitol Group P-Value
(n = 26) (n=21)
Number (%) Number (%)
Acute Respiratory Distress Syndrome? 7 (26.92%) 0 (0.00%) 0.01
Renal Failure 0 (0.00%) 0 (0.00%) 1
Thromboembolism 0 (0.00%) 0 (0.00%) 1

1 The Fisher's exact test, was used.
2 Significant statistical difference have been observed (P<0.05)
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In the cost-effectiveness analysis, the average cost of the drug for treatment with albumin was about 37 million riyals,
this cost for mannitol was about one million riyals, which was a statistically significant difference (P<0.05). On the

other hand, the duration of hospitalization in the treatment groups was not significantly different (P> 0.05) (Table 3).

Table 3. Comparison of drug cost and hospitalization in the albumin and the mannitol therapy groups®

Parameter Albumin Group Mannitol Group Mean P-Value
(n = 26) (n=21) Difference

Drug Cost (IRR)? 37,218,641 + 558,005 1,050,000 + 46,426 -36,213,461 0.00

Hospitalization (Day) 4.04+13 476+15 0.72 0.41

! The non-parametric statistical test, Mann-Whitney U, was used.
2 Significant statistical difference have been observed (P<0.05)

Discussion

Ovarian hyperstimulation syndrome (OHSS) is a well-known complication of controlled ovarian stimulation during
the process of assisted reproductive techniques, which can be fatal if not prevented or treated promptly in severe
cases®. Ideally, women at risk for this disorder should be identified prior to stimulation, and stimulation protocols
should be selected that minimize the risk of OHSS. Short-term protocols are currently routinely performed using
gonadotropin-releasing hormone (GnRH) antagonists to prevent premature release of luteinizing hormone (LH). For
the final maturation and release of the egg, a gonadotropin-releasing hormone agonist is used, which in some cases is
accompanied by a low dose of human chorionic gonadotropin (hCG)*°. If OHSS prevention strategies are not effective
and the patient experiences severe OHSS, supportive care, paracentesis, and volume expander are recommended?.
Clinical findings can be seen in various organs, and as the disease progresses, more organs become involved?’. The
pathophysiology of OHSS is characterized by increased capillary permeability, leading to leakage of fluid from the
vascular compartment, with third-space fluid accumulation and intravascular dehydration #. Vascular endothelial
growth factor (VEGF), also known as vascular permeability factor, has emerged as one of the mediators intrinsic to
the development of OHSS?*2%, Pulmonary findings include pleural effusion, restrictive lung disease from ascites or
paralytic ileus, and acute respiratory distress syndrome (ARDS). Cardiovascular findings include decreased
intravascular volume, decreased blood pressure, decreased central venous perfusion, and compensatory increased
heart rate and cardiac output with arterial vasodilation. Coagulation abnormalities include hemoconcentration and
increased estrogen level that leading to hypercoagulability, and thrombosis?42?6. The most abnormal plasma
electrolytes findings in OHSS are hyponatremia and hyperkalemia caused by the depletion of body fluid volume and
imbalance electrolytes in the urine®?’,

Albumin has been widely used in the treatment of OHSS in high-risk patients®>1%28-%0 vyet there is a lack of consensus
regarding the benefits of its use and how its preventive mechanism acts®.. In addition, there is some concern about the
potential transmission of prions and viral infections such as Creutzfeldt-Jakob disease (CJD), hepatitis B and C, and
human immunodeficiency virus (HIV)3.

Mannitol has been applied as a renal protective agent in patients at high risk of developing renal failure, such as those
undergoing cardiac and vascular surgery, renal transplantation, and in patients with jaundice and rhabdomyolysis33-
3, Mannitol is a high hydrophilic sugar alcohol that is filtered at the glomerulus but not reabsorbed from the renal
tubule. Mannitol is an osmotic diuretic widely used to reduce intracranial and intraocular pressures because of its
osmotic diuretic action and presumed antioxidant properties®. It exerts osmotic activity within the proximal
convoluted tubule and the descending limb of Henle's loop, limiting passive tubular reabsorption of water®. Mannitol
also causes the release of renal prostaglandins that lead to renal vasodilation and an increase in urine flow®. Mannitol
inhibits the reabsorption of sodium in the renal tubule, leading to a reduction of sodium that causes hypernatremia and
hypokalemia®. These side effects could be beneficial in OHSS treatment as it is characterized by hyponatremia and
hyperkalemia®..
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In previous articles, we demonstrated the therapeutic efficacy and preventive role of mannitol in ovarian
hyperstimulation syndrome!1163041 The present study was performed to compare the efficacy and side effects of
mannitol treatment with conventional albumin therapy in a controlled clinical trial. Also in this study, drug cost and
length of stay (LOS) in hospital in both treatments were compared.

This study showed that the use of mannitol in the management of severe cases of ovarian hyperstimulation syndrome
has an effective role and in terms of effectiveness is equivalent to the use of conventional albumin therapy. Mannitol
was able to regulate urine flow, as an indicator of kidney function, and eliminate oliguria or anuria in these patients.
Mannitol also improved blood biochemical parameters including hematocrit, hemoglobin, creatinine, urea nitrogen,
sugar, sodium, potassium, and osmolality to an acceptable level, and clinical signs and symptoms such as vital signs,
weight, and abdominal circumference were significantly improved in patients.

In this study, about 26% of patients treated with albumin did not respond completely to treatment and developed
respiratory distress, while all patients treated with mannitol underwent treatment without any particular side effects.
They were discharged in good general condition. On the other hand, the length of hospitalization of patients in both
treatments was similar, but the cost of medication in the albumin group therapy was much higher than the mannitol
group treatment, which is more than 35 times.

According to the findings of this study, due to the similar efficacy in both treatment regimens and fewer side effects
in the treatment with mannitol than albumin, the use of mannitol in the management of severe cases of ovarian
hyperstimulation syndrome, in terms of cost-effectiveness, is very remarkable and impressive.

Conclusion

Cost-effectiveness is one of the important factors in choosing and applying a treatment regimen. This study showed
that the use of mannitol in the management of severe cases of ovarian hyperstimulation syndrome is not only as
effective as conventional albumin therapy but also has significantly fewer side effects. On the other hand, the 35-fold
cost of using albumin compared to mannitol clearly makes the use of mannitol instead of aloumin in the prevention
and treatment of ovarian hyperstimulation syndrome reasonable and advisable.

Suggestion

This study shows that mannitol can be the first line of treatment for the management of ovarian hyperstimulation
syndrome, so the addition of mannitol as a treatment for ovarian hyperstimulation syndrome is recommended in
pharmacopeia.

Conflict of interest
There was no conflict of interest in this study.

Ethics

The study protocol was approved by the ‘Research and Ethics Committee’ of Sarem Fertility and Infertility Research
Center. Ethical approval of this trial was obtained from the ethics committee of Iran University of Medical Sciences
(IRCT Number: IRCT20180305038953N1; Registered on 2018-05-15).

Authors’ ORCID
AboTaleb Saremi: https://orcid.org/0000-0003-4191-6624
Mohammad Reza Nateghi: https://orcid.org/0000-0001-5754-0516

Sarem Journal of Medical Research Volume 5, Issue 2, Summer 2020


https://orcid.org/0000-0003-4191-6624
https://orcid.org/0000-0001-5754-0516
http://dx.doi.org/10.52547/sjrm.5.2.86
https://saremjrm.com/article-1-195-en.html

[ Downloaded from saremjrm.com on 2025-09-01 ]

[ DOI: 10.52547/5rm.5.2.86 ]

92 Comparing the mannitol and albumin in management of the severe ovarian hyperstimulation syndrome (OHSS)

References

1.

10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

Aboulghar M. Symposium: Update on prediction and management of OHSS - Prevention of OHSS. In:
Reproductive BioMedicine Online. Vol 19. Reproductive Healthcare Ltd; 2009:33-42. d0i:10.1016/S1472-
6483(10)60043-0

Delvigne A, Rozenberg S. Epidemiology and prevention of ovarian hyperstimulation syndrome (OHSS): a
review. Hum Reprod Update. 2002;8(6):559-577. Accessed April 6, 2021.
https://academic.oup.com/humupd/article/8/6/559/718653

Prakash A, Mathur R. Ovarian hyperstimulation syndrome. Obstet Gynaecol. 2013;15(1):31-35.
d0i:10.1111/].1744-4667.2012.00153.x

Aboulghar MA, Mansour RT, Serour GI, Rizk B. Ovarian hyperstimulation syndrome: Modern concepts in
pathophysiology and management. Middle East Fertil Soc J. 1996;1:3-16.

Tollan A, Holst N, Forsdahl F, Fadnes HO, @ian P, Maltau JM. Transcapillary fluid dynamics during ovarian
stimulation for in vitro fertilization. Am J Obstet Gynecol. 1990;162(2):554-558. doi:10.1016/0002-
9378(90)90428-A

McClure N, Healy DL, Rogers PAW, et al. Vascular endothelial growth factor as capillary permeability agent
in ovarian hyperstimulation syndrome. Lancet. 1994;344(8917):235-236. do0i:10.1016/S0140-
6736(94)93001-5

Matorras R, Andrés M, Mendoza R, Prieto B, Pijoan JI, Expdsito A. Prevention of ovarian hyperstimulation
syndrome in GnRH agonist IVF cycles in moderate risk patients: Randomized study comparing hydroxyethyl
starch versus cabergoline and hydroxyethyl starch. Eur J Obstet Gynecol Reprod Biol. 2013;170(2):439-443.
d0i:10.1016/j.ejogrb.2013.07.010

Youssef MA, Al-Inany HG, Evers JL, Aboulghar M. Intra-venous fluids for the prevention of severe ovarian
hyperstimulation syndrome. In: Cochrane Database of Systematic Reviews. John Wiley & Sons, Ltd; 2011.
doi:10.1002/14651858.cd001302.pub2

Asch RH, Ivery G, Goldsman M, Frederick JL, Stone SC, Balmaceda JP. The use of intravenous albumin in
patients at high risk for severe ovarian hyperstimulation syndrome. Hum Reprod. 1993;8(7):1015-1020.
doi:10.1093/oxfordjournals.humrep.a138185

Kissler S, Neidhardt B, Siebzehnriibl E, Schmitt H, Tschaikowsky K, Wildt L. The detrimental role of
colloidal volume substitutes in severe ovarian hyperstimulation syndrome: A case report. Eur J Obstet
Gynecol Reprod Biol. 2001;99(1):131-134. d0i:10.1016/S0301-2115(01)00364-5

Saremi AT, Namdar Khanzadeh M, Shami M, Mohammad Aliha F, Pooladi A. The Efficacy of Mannitol
Therapy in the Management of Moderate and Severe Forms of Ovarian Hyperstimulation Syndrome: A New
Application. Sarem J Reprod Med. 2016;1(4):145-152. doi:10.29252/sjrm.1.4.145

Shalev E, Giladi Y, Matilsky M, Ben-ami M. Decreased incidence of severe ovarian hyperstimulation
syndrome in high risk in-vitro fertilization patients receiving intravenous albumin: A prospective study. Hum
Reprod. 1995;10(6):1373-1386. doi:10.1093/HUMREP/10.6.1373

Gao MZ, Zhao XM, Sun ZG, Hong Y, Zhao LW, Zhang HQ. Endocrine gland-derived vascular endothelial
growth factor concentrations in follicular fluid and serum may predict ovarian hyperstimulation syndrome in
women undergoing controlled ovarian hyperstimulation.  Fertil ~ Steril. 2011;95(2):673-678.
doi:10.1016/j.fertnstert.2010.09.044

Levin ER, Rosen GF, Cassidenti DL, et al. Role of vascular endothelial cell growth factor in ovarian
hyperstimulation syndrome. J Clin Invest. 1998;102(11):1978-1985. doi:10.1172/JC14814

Venetis CA, Kolibianakis EM, Toulis KA, Goulis DG, Papadimas I, Tarlatzis BC. Intravenous albumin
administration for the prevention of severe ovarian hyperstimulation syndrome: A systematic review and
meta-analysis. Fertil Steril. 2011;95(1). doi:10.1016/j.fertnstert.2010.05.026

Saremi A, Alam M, Motaghi M. Administration of mannitol to prevent severe ovarian hyperstimulation
syndrome: A randomized controlled trial. Middle East Fertil Soc J. 2003;8(2):159-163.

O’Donnell K, Kearsley MW. Sweeteners and Sugar Alternatives in Food Technology. Wiley-Blackwell; 2012.
doi:10.1002/9781118373941

Lexi-Comp Inc. Drug Information Handbook 1. 4 Comprehensive Resource for All Clinicians and Healthcare
Professionals. 22nd ed. Lexi-Comp; 2013.

Nastri CO, Ferriani RA, Rocha IA, Martins WP. Ovarian hyperstimulation syndrome: Pathophysiology and
prevention. J Assist Reprod Genet. 2010;27(2-3):121-128. doi:10.1007/s10815-010-9387-6

Sarem Journal of Reproductive Medicine Volume 4, Issue 4, Winter 2020


http://dx.doi.org/10.52547/sjrm.5.2.86
https://saremjrm.com/article-1-195-en.html

[ Downloaded from saremjrm.com on 2025-09-01 ]

[ DOI: 10.52547/5rm.5.2.86 ]

93 Saremi Aboutaleb et al

20.

21.

22.

23.

24.

25.

26.

217.

28.

29.

30.

3L

32.

33.

34.

35.

36.

37.

38.

39.

40.

Schenker JG, Weinstein D. Ovarian hyperstimulation syndrome: A current survey. Fertil Steril.
1978;30(3):255-268. doi:10.1016/s0015-0282(16)43508-9

Chen C-D, Wu M-Y, Chao K-H, Lien Y-R, Chen S-U, Yang Y-S. Update on management of ovarian
hyperstimulation syndrome. Taiwan J Obstet Gynecol. 2011;50(1):2-10. doi:10.1016/j.tjog.2011.01.014
Rizk B, Aboulghar M, Smitz J, Ron-El R. The role of vascular endothelial growth factor and interleukins in
the pathogenesis of severe ovarian hyperstimulation syndrome. Hum Reprod Update. 1997;3(3):255-266.
d0i:10.1093/humupd/3.3.255

Agrawal R, Conway GS, Sladkevicius P, et al. Serum vascular endothelial growth factor (VEGF) in the normal
menstrual cycle: association with changes in ovarian and uterine Doppler blood flow. Clin Endocrinol (Oxf).
1999;50(1):101-106. doi:10.1046/j.1365-2265.1999.00618.x

Aboulghar M. Treatment of ovarian hyperstimulation syndrome. Semin Reprod Med. 2010;28(6):532-539.
doi:10.1055/s-0030-1265681

Practice Committee of American Society for Reproductive Medicine. Ovarian hyperstimulation syndrome.
Fertil Steril. 2008;90(5 SUPPL..). doi:10.1016/j.fertnstert.2008.08.034

Brinsden PR. A Textbook of In Vitro Fertilization and Assisted Reproduction: The Bourn Hall Guide to
Clinical and Laboratory Practice. Taylor & Francis; 2005.
https://books.google.com/books?id=AAYuHnPrupUC

Navot D, Relou A, Margalioth EJ. Direct correlation between plasma renin activity and severity of the ovarian
hyperstimulation syndrome. Fertil Steril. 1987;48(1):57-61. doi:10.1016/S0015-0282(16)59290-5

Guo JL, Zhang DD, Zhao Y, et al. Pharmacologic Interventions in Preventing Ovarian Hyperstimulation
Syndrome: A Systematic Review and Network Meta-Analysis. Sci Rep. 2016;6. doi:10.1038/srep19093
Abramov Y, Fatum M, Abrahamov D, Schenker JG. Hydroxyethylstarch versus human albumin for the
treatment of severe ovarian hyperstimulation syndrome: A preliminary report. Fertil Steril. 2001;75(6):1228-
1230. doi:10.1016/S0015-0282(01)01784-8

Youssef MA, Mourad S. Volume expanders for the prevention of ovarian hyperstimulation syndrome.
Cochrane Database Syst Rev. 2016;2016(8). doi:10.1002/14651858.CD001302.pub3

Bellver JA, Mun A Oz EA, An Ballesteros A, et al. Intravenous albumin does not prevent moderate-severe
ovarian hyperstimulation syndrome in high-risk 1VF patients: a randomized controlled study.
doi:10.1093/humrep/deg451

Isik AZ, Gokmen O, Zeyneloglu HB, Kara S, Keles G, Gulekli B. Intravenous albumin prevents moderate-
severe ovarian hyperstimulation in in-vitro fertilization patients: A prospective, randomized and controlled
study. Eur J Obstet Gynecol Reprod Biol. 1996;70(2):179-183. doi:10.1016/S0301-2115(95)02603-7

Plusa SM, Clark NW. Prevention of postoperative renal dysfunction in patients with obstructive jaundice: A
comparison of mannitol-induced diuresis and oral sodium taurocholate. J R Coll Surg Edinb. 1991;36(5):303-
305.

Tiggeler RGWL, Berden JHM, Hoitsma AJ, Koene RAP. Prevention of acute tubular necrosis in cadaveric
kidney transplantation by the combined use of mannitol and moderate hydration. Ann Surg. 1985;201(2):246-
251. doi:10.1097/00000658-198502000-00020

Waskowski J, Pfortmueller CA, Erdoes G, et al. Mannitol for the Prevention of Peri-Operative Acute Kidney
Injury: A Systematic Review. Eur J Vasc Endovasc Surg. 2019;58(1):130-140.
d0i:10.1016/j.ejvs.2019.02.003

Somagutta MR, Pagad S, Sridharan S, et al. Role of Bicarbonates and Mannitol in Rhabdomyolysis: A
Comprehensive Review. Cureus. 2020;12(8). doi:10.7759/cureus.9742

Nomani AZ, Nabi Z, Rashid H, et al. Osmotic nephrosis with mannitol: review article. Ren Fail.
2014;36(7):1169-1176. doi:10.3109/0886022X.2014.926758

Waller DG, Sampson AP. Diuretics. In: Medical Pharmacology and Therapeutics. Elsevier; 2018:219-229.
doi:10.1016/B978-0-7020-7167-6.00014-2

Shawkat H, Westwood MM, Mortimer A. Mannitol: A review of its clinical uses. Contin Educ Anaesthesia,
Crit Care Pain. 2012;12(2):82-85. doi:10.1093/bjaceaccp/mkr063

Hinson HE, Stein D, Sheth KN. Hypertonic saline and mannitol therapy in critical care neurology. J Intensive
Care Med. 2013;28(1):3-11. doi:10.1177/0885066611400688

Sarem Journal of Medical Research Volume 5, Issue 2, Summer 2020


http://dx.doi.org/10.52547/sjrm.5.2.86
https://saremjrm.com/article-1-195-en.html

[ Downloaded from saremjrm.com on 2025-09-01 ]

[ DOI: 10.52547/5rm.5.2.86 ]

94 Comparing the mannitol and albumin in management of the severe ovarian hyperstimulation syndrome (OHSS)

41. Saremi AT, Khanzadeh MN, Shami M, Aliha FM, Pooladi A. Use of Mannitol Therapy for Ovarian
Hyperstimulation Syndrome (OHSS) Management. Med J Obs Gynecol. 2017;5(1):1093.

Sarem Journal of Reproductive Medicine Volume 4, Issue 4, Winter 2020


http://dx.doi.org/10.52547/sjrm.5.2.86
https://saremjrm.com/article-1-195-en.html
http://www.tcpdf.org

