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Objective: To study the increase accuracy of visual estimation of blood loss after an education program.

Material and Method: Seven simulated scenarios with known measured amount of blood were created by

using expired packed red cell  from blood bank and common surgical materials. Ninety nurses were randomized

into two groups. The experimental group attended blood loss estimation course while the control group did

not. The percentage of errors in blood loss estimation were calculated and compared between both groups.

The main outcome of this study was percentage of nurses who had accurate estimation. We assumed that if the

estimated blood volume is within twenty percentage of actual volume it is accurate.

Results: There were no difference in age group (p = 0.08), clinical experiences (p = 0.95) and type of work

(p = 0.47) between both groups. Educational program significantly increase accuracy in blood loss estima-

tion (p < 0.05) in all seven scenarios.

Conclusion: Educational program increased the accuracy of visual estimation of blood loss.
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Blood loss is one of the threatening fatal

problems. It is found that if the body loses 20-30% of

the total blood in the circulatory system, it shall not be

able to adjust itself to such condition and the blood

loss will consequently causes the failure in multiorgan

functions. If the patient is not treated in time, this may

lead to irreversible functions losses(1).

Therefore, the medical personnel have to es-

timate accurately the blood loss. The underestimation

of blood loss may result in delayed blood transfusion

and the overestimation of blood loss causes excessive

unnecessary blood transfusion(2).

The purpose of this study was to assess

blood absorption characteristics of commonly used

surgical materials, create a brief didactic presentation

to educate clinicians about estimating blood loss, and

investigate the effectiveness of didactic session to

improve the estimation of blood loss in mock clinical

settings.

Material and Method

The protocol mimicked the Louisiana State

University Health Science Center Institutional Review

Board(3). Nurses in Department of Obstetrics and Gy-

necology were invited to participate in this study. All

participation in the study was voluntary and followed

the inclusion and exclusion criteria. The Regional blood

bank provided Packed red cell (PRC) for this study. We

applied measured volumes of blood in increasing

increments to the following surgical materials: abdomi-

nal swabs, rolled gauzes, surgical sponges and half-

sheet. All materials were photographed and weighed

before and after blood application. Wet abdominal

swabs and rolled gauzes were satured with normal

saline and hand wrung.

We created a 15-minute Power Point presen-
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tation as the didactic tool to teach visually the esti-

mated blood loss. The slides illustrated the following

three teaching tools for visually assessing blood

volume.

First, mathematical formulas to calculate the

volume of simple objects were described. The volume

of box (rectangular parallelepiped) is calculated as

length x width x height. For a box with dimensions of

10x20x4 cm the volume is 800 ml.

Second, the volumes of familiar objects were

demonstrated to the audience. The metric volume of a

standard 1-L intravenous fluid bag is of course 1,000

ml. The metric volume of 0.1 L intravenous fluid bag is

100 ml.

Third, we presented some simple rules of

thumb regarding visual estimation of blood volume

contained in common surgical materials. A standard

dry 30 cm x 30 cm abdominal swab (Topline®) Contain-

ing 25 ml, 50 ml, 75 ml and 100 ml of blood will appear

50% saturated, 75% saturated, 100% saturated and

100% saturated with excess blood dripping respectively

(Fig. 1). A dry 45 cm x 10 cm rolled gauze (Topline®)

containing 20ml and 40 ml of blood will appear 50%

saturated and 100% saturated respectively (Fig. 2).A

dry 4 inch x 4 inch surgical sponge (Medigauz®) con

taining 10 ml of blood will appear completely saturated

(Fig. 3). For example, five completely soaked surgical

4x4 sponges will contain approximately 50 ml of blood.

The next step, participants were randomly

divided into two groups, controlled group were then

instructed to view seven simulated clinical scenarios and

quantitatively estimate the blood volume in milliliters:

1. Station 1: Under-buttocks drape (half sheet)

with 250 ml of blood.

2. Station 2: Seven dry 4x4 sponges with 35 ml

of blood (5 cc of blood in each sponge).

3. Station 3: Three dry abdominal swabs with

150 ml of blood (25 cc, 50 cc and 75 cc of blood in each

abdominal swab respectively).

4. Station 4: Four dry rolled gauzes with 80 ml

of blood (20 cc of blood in each rolled gauze).

5. Station 5: Five wet abdominal swabs with

250 ml of blood (25 cc, 25 cc, 25 cc, 75 cc and 100 cc of

blood in each abdominal swab respectively).

6. Station 6: Under-buttocks drape (half-sheet)

with 100 ml of blood.

Fig. 1 Blood absorption characteristics of a dry 30 × 30 cm abdominal swab. For this particular type, 25 ml of blood

saturates about 50% of the surface area, 50 ml of blood saturates about 75% of the surface area, 75 ml of blood

saturates the entire surface, and 100 ml of blood will saturate and drip from the sponge



S56 J Med Assoc Thai Vol. 89 Suppl. 4  2006

Fig. 3 Blood absorption characteristics of  a dry 4 inch × 4 inch surgical sponge,10 ml of  blood saturates the entire surface

Fig. 2 Blood absorption characteristics of a dry 45 × 10 cm rolled gauze. For this particular type, 20 ml of blood saturates

about 50% of the surface area,40 ml of blood saturates the  entire surface
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7. Station 7: Three wet rolled gauzes with 85

ml of blood (15 cc, 30 cc and 40 cc of blood in each

rolled gauze respectively).

The experimental groups were presented a 15-

minutes didactic session. The participants evaluated

the same seven stations after the briefing. The total

time of introduction, didactic session and evaluation

was approximately 40 minutes in the experiment groups

and 25 minutes in the control groups.

Outcome measurement of this study is the

proportion of the participants who could accurately

estimate the blood loss. The accuracy in this study

refers the estimation of blood loss compared to the

measured blood loss. The acceptable difference is 20%

(+ 20%). Summarized data are expressed as medians.

All statistical tests were carried out in the computer

program Stata. Demographic characteristics, ages were

analyzed by using Chi-square calculated and presented

in the form of frequency (percent). The clinical ex-

perience was analyzed by using Mann-Whitney U test

because it was continuous data but not normally dis-

tributed. They were presented in median (range). The

type of work was analyzed by using Chi-square calcu-

lated in frequency and percentage. The percentages of

the accuracy between the control and the experimental

group were then compared. The results were presented

in the form of percent accuracy (%). The statistic method

used to compare the percent accuracy between both

groups is Chi-square or Fisher exact test and for sig-

nificant corelation, the p value should be < 0.05.

Results

All ninety participants were nurses. Clinical

experience was defined as the number of years since

graduation from nursing school. The demographic

characteristics were age ranges (p-value = 0.077), ex-

periences (p-value = 0.945), and type of work (p-value

= 0.469),which were not significant difference between

the two groups (Table 1). In all seven stations, there

was a significant improvement between the two groups

in accuracy in visually blood loss estimation (p-value

< 0.05) (Table 2). However, in the fourth station, the

accuracy of estimation in experiment group is lower

than in the other stations (44.4%) because blood is not

equally distributed in each swab. In the sixth station,

the accuracy of estimation in experiment group is also

low, about 40%, because the size of the half-sheet is

large, making it difficult to estimate the amount of blood.

Discussion

As we know, blood loss is one of the three

causes of the death in pregnant woman. The delayed

diagnosis of blood loss and replacement of blood

products can lead to many complications. To wait until

the fatal symptom appears and the vital signs have

changed to detect the blood loss may be too late(1,4).

Blood loss can be measured by a variety of methods.

However, many of those methods are impractical in

general practices such as colorimetric technique that

requires the hemoglobin to be washed from surgical

materials in a blender and measured in a colorimeter(2,5).

Table 1. Demographic characteristics

* Data presented as frequency (percent)

** Data presented as median (range)

*** Data presented as frequency (percent)

LR = Labor room

OR = Operating room

Characteristics Control (n = 45) Experiment (n = 45) p-value

* Age (years)

21-30 17 (37.8) 22 (48.9)

31-40 17 (37.8) 20 (44.4)

41-50   6 (13.3)   3 (6.7)

51-60   5 (11.1)   0 (0.0)   0.077

** Experience (years)   7 (2, 36)   8 (2, 20)   0.945

*** Type of work

-  LR 18 (40.0) 17 (37.8)

-  OR 14 (31.1) 19 (42.2)

-  Antenatal ward 13 (28.9)   9 (20.0)   0.469
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The gravimetric method requires weighing materials

such as abdominal swabs on a scale and subtracting

known weight of the surgical materials from blood(6).

Blood volume estimation using dye-dilution or radioiso-

tope dilution techniques are more technically difficult,

requiring special equipment and serial measurements.

Dildy et al(3) studied 53 participants in Louisia-

na State University Health Sciences Center Institutional

Review Board. Reconstituted whole blood was ob-

tained from the blood bank, and simulated scenarios

with known measured blood loss were created using

common surgical materials. Visually estimated blood

loss was performed by medical personnel before and

after a 20-minute didactic session. They found signifi-

cant reductions in error for all scenarios. In every day

practice, blood loss is usually estimated by subjective

visual quantization, which is generally based upon

prior clinical experience(7). This study has proved that

short-term educational program on visual estimation

of blood loss can improve the accuracy of the estima-

tion. Before the lecture, there was a trend in overesti-

mation of blood loss however, there was no trend after

the lecture (Table 2). In general, the educational pro-

gram produced a reduction in both, overestimation and

underestimation of blood loss in all scenarios as seen

in Table 2. Our method uses a combination of simple

geometric formulas, known volumes of common ob-

jects and known absorption characteristics of surgical

materials to estimate blood loss in the operating room.

We found that this teaching tool could significantly

improve the accuracy of blood loss estimation. This

reduction in underestimating heavy blood loss may

have the potential to reduce hemorrhage-related mor-

bidity and mortality.

Several limitations of our study deserve con-

sideration, our scenarios may not mimic all blood loss

circumstances. The blood absorption characteristics

of various surgical materials need to be further defined,

the appearance of blood stained wet versus dry laparo-

tomy sponges, swabs may differ and the absorptive

characteristics of one brand of laparotomy sponge

may differ from another. Finally, using PRC may give

different outcome from using whole blood, but we have

the limitation of biological ethics.

Conclusion

In summary, we have established a simple

educational method to improve accuracy in estimating

blood loss in the operating room and delivery room.

We believe that incorporation of this method into clini-

cal training would be an effective way to improve esti-

mated blood loss and recognize serious hemorrhage

earlier.

Future research should determine whether this

information could be retained over the long-term. We

recommended that this type of educational program be

periodically reinforced.
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Table 2. Measured blood loss, Estimated blood loss, Percent accuracy in estimated blood loss of the control and experiment

groups, the 7 clinical stations

Station       Control group (n = 45)     Experiment group (n = 45)

with measured        EBL*ml  Percent        EBL*ml  Percent p-value**

Blood loss(ml) Accuracy Accuracy

Median Range   N (%) Median  Range   N (%)

Half-sheet (250)    220 50-450 16 (35.6)    210 120-300 40 (88.9) <0.001

Seven dry 4 x 4 sponges (35)      50 15-100 11 (24.4)      35   30-42 45 (100) <0.001

Three dry abdominal swab (150)    150 20-600 10 (22.2)    160 110-265 35 (77.8) <0.001

Four dry rolled gauze (80)    100 10-320   6 (13.3)    100   50-250 20 (44.4) <0.001

Five wet abdominal swab (250)    320 50-900 15 (33.3)    275 180-350 39 (86.7) <0.001

Half-sheet (100)    150 40-400   8 (17.8)    150   80-480 18 (40.0)   0.020

Three wet rolled gauze (85)    150 40-300 13 (28.9)      90   65-150 38 (84.4) <0.001

* EBL = Estimated Blood Loss

** p-value compare the percent accuracy of visually of blood loss estimation between experiment and control groups



J Med Assoc Thai Vol. 89 Suppl. 4  2006 S59

Department of Obstetrics and Gynecology, Faculty of

Medicine Ramathibodi Hospital for their active coop-

eration in this study.

References

1. Patton K, Funk DL, McErlean M, Bartfield JM.

Accuracy of estimation of external lood loss by

EMS personnel. J Trauma 2001; 50: 914-6.

2. Duthie SJ, Ven D, Yung GL, Guang DZ, Chan SY,

Ma HK. Discrepancy between laboratory determi-

nation and visual estimation of blood loss during

normal delivery. Eur J Obstet Gynecol Reprod Biol

1991; 38: 119-24.

3. Dildy GA, Paine AR, George NC, Velasco C. Esti-

mating blood loss can teaching significantly

improve visual estimation. Obstet Gynecol 2004;

104: 601-6.

4. Razvi K, Chua S, Arulkumaran S, Ratnam SS. A

comparison between visual estimation and labo-

ratory determination of blood loss during the third

stage of labour. Aust NZ J Obstet Gynaecol 1996;

36: 152 - 4.

5. Brecher ME, Monk T, Good nough LT. A stan-

dardized method for calculating blood loss. Trans-

fusion 1997; 37: 1070-4.

6. Buchman MI. Blood loss during gynecological

operations. Am J Obstet Gynecol 1953; 65: 53-64.

7. Luegenbiehl DL. Improving visual estimation

of blood volume on peripads. Am J Mater Child

Nurse 1997; 22: 294-8.

°“√‡æ‘Ë¡§«“¡·¡àπ¬”„π°“√ª√–‡¡‘π°“√‡ ’¬‡≈◊Õ¥¥â«¬µ“‚¥¬‚ª√·°√¡°“√ Õπ°“√ª√–‡¡‘π°“√

‡ ’¬‡≈◊Õ¥

¡—∏™ÿæ√   ÿ¢ª√–‡ √‘∞, «‘™“≠  ‚™§∏π–»‘√‘, ≥—∞æß»å  Õ‘»√“ß°Ÿ√ ≥ Õ¬ÿ∏¬“, ªí∑¡“  æ√À¡ π∏‘,

ª√–∑—°…å  ‚Õª√–‡ √‘∞ «— ¥‘Ï

«—µ∂ÿª√– ß§å: ‡æ◊ËÕ»÷°…“°“√‡æ‘Ë¡§«“¡·¡àπ¬”„π°“√ª√–‡¡‘π°“√‡ ’¬‡≈◊Õ¥¥â«¬µ“‚¥¬‚ª√·°√¡°“√ Õπ°“√ª√–‡¡‘π

°“√‡ ’¬‡≈◊Õ¥

«— ¥ÿ·≈–«‘∏’°“√:  ∂“π’®”≈Õß 7  ∂“π’ ́ ÷Ëßª√–°Õ∫¥â«¬ºâ“ —́∫‡≈◊Õ¥·≈–‡≈◊Õ¥À¡¥Õ“¬ÿ ®“°∏π“§“√‡≈◊Õ¥ ́ ÷Ëß∂Ÿ°°”Àπ¥

ª√‘¡“≥‰«â·≈â« ·≈–Õ“ “ ¡—§√æ¬“∫“≈ 90 §π ∂Ÿ°®—¥·∫àß‚¥¬°“√ ÿà¡ÕÕ°‡ªìπ 2 °≈ÿà¡ °≈ÿà¡∑¥≈Õß‰¥â√—∫°“√ Õπ

¥â«¬‚ª√·°√¡ Õπ°“√ª√–‡¡‘π°“√‡ ’¬‡≈◊Õ¥°àÕπª√–‡¡‘π®√‘ß „π¢≥–∑’Ë°≈ÿà¡§«∫§ÿ¡‰¡à‰¥â√—∫°“√ Õπ.§”π«≥·≈–

‡ª√’¬∫‡∑’¬∫§«“¡º‘¥æ≈“¥„π°“√ª√–‡¡‘π°“√‡ ’¬‡≈◊Õ¥√–À«à“ß 2 °≈ÿà¡ µ—«™’È«—¥À≈—°§◊Õ‡ªÕ√å‡´Áπµåæ¬“∫“≈∑’Ëª√–‡¡‘π

°“√‡ ’¬‡≈◊Õ¥‰¥âÕ¬à“ß∂Ÿ°µâÕß‚¥¬§≈“¥‡§≈◊ËÕπ‰¡à‡°‘π 20% ¢Õßª√‘¡“µ√®√‘ß

º≈°“√»÷°…“: ‰¡àæ∫§«“¡·µ°µà“ß¢Õßª√–™“°√∑—Èß 2 °≈ÿà¡ „π¥â“πÕ“¬ÿ (p = 0.08), ª√– ∫°“√≥å°“√∑”ß“π (p =

0.95) ·≈–≈—°…≥–¢Õßß“π (p = 0.47) ·µàæ∫«à“‚ª√·°√¡°“√ Õπ°“√ª√–‡¡‘π°“√‡ ’¬‡≈◊Õ¥¥â«¬µ“‡ª≈à“  “¡“√∂

‡æ‘Ë¡§«“¡·¡àπ¬”„π°“√ª√–‡¡‘π°“√‡ ’¬‡≈◊Õ¥„π ∂“π’®”≈Õß∑—Èß 7  ∂“π’‰¥âÕ¬à“ß¡’π—¬ ”§—≠ (p < 0.05)

 √ÿª: ‚ª√·°√¡°“√ Õπ°“√ª√–‡¡‘π°“√‡ ’¬‡≈◊Õ¥¥â«¬µ“‡ª≈à“  “¡“√∂‡æ‘Ë¡§«“¡·¡àπ¬”„π°“√ª√–‡¡‘π°“√‡ ’¬‡≈◊Õ¥



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Error
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveEPSInfo true
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile ()
  /PDFXOutputCondition ()
  /PDFXRegistryName (http://www.color.org)
  /PDFXTrapped /Unknown

  /Description <<
    /ENU (Use these settings to create PDF documents with higher image resolution for high quality pre-press printing. The PDF documents can be opened with Acrobat and Reader 5.0 and later. These settings require font embedding.)
    /JPN <FEFF3053306e8a2d5b9a306f30019ad889e350cf5ea6753b50cf3092542b308030d730ea30d730ec30b9537052377528306e00200050004400460020658766f830924f5c62103059308b3068304d306b4f7f75283057307e305930023053306e8a2d5b9a30674f5c62103057305f00200050004400460020658766f8306f0020004100630072006f0062006100740020304a30883073002000520065006100640065007200200035002e003000204ee5964d30678868793a3067304d307e305930023053306e8a2d5b9a306b306f30d530a930f330c8306e57cb30818fbc307f304c5fc59808306730593002>
    /FRA <>
    /DEU <>
    /PTB <>
    /DAN <>
    /NLD <>
    /ESP <>
    /SUO <>
    /ITA <>
    /NOR <>
    /SVE <>
  >>
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice


