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Summary

Experimental studies reported association between blood
transfusion and impaired healing of intestinal anastomosis. To
date no clinical study has addressed this issue in particular
and this study was undertaken in order to assess to probable
effects of blood component therapy on the rate of anastomotic
leakage after gastric resections for carcinoma. Records of419
patients who had undergone curative gastric resections for
carcinoma during a 10 year period were reviewed with special
reference to the perioperative transfusion status. All variables
that may have a probable role in anastomotic leakage were
recorded. Statistical analysis was done by chi-square and stu-
dent t tests as appropriate. Simultaneous adjustment of the ef-
fects of all variables on leakage was done using multivariate
stepwise logistic regression analysis. Postoperative upper gas-
trointestinal contrast studies documented 20 leakages (4.7 per-
cent). Among all variables studied by multivariate analysis;
perioperative blood transfusion, was found to be the only in-
dependent risk factor that is significantly associated with high-
er leakage rates (p<0.05). In conclusion; as the clinical con-
sequences of leakage are well known, surgeons can be advised
to be more cautious when using blood products.

Key Words: Blood transfusion, Anastomotic healing,
Leakage, Complications

T Klin J Med Res 1997, 15:128-132

Blood transfusions, by altering the immune
system are known to be associated with prolonged
allograft survival (1), increased tumor recurrence
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Ozet

Deneysel ¢alismalar kan nakilleri ve bagirsak anasto-

mozu iyilesmesi arasinda bir iligki olduguna dikkat ¢ek-
miglerdir. Zamammiza dek; ozel olarak bu konuya deginen
hi¢hir  klinik ¢alisma yapilmamigtir ve bu ¢alismada, mide
kanseri nedeniyle yapilan rezeksiyonlardan sonraki anastomoz
kacgag ile kan iirtinii tedavisi arasinda muhtemel bir iliski olup
olmadig1 arastirilmistir. On yil siire icinde kanser nedeniyle
kiiratif rezelcsiyon gegiren 419 hastamin  kayitlari, ozellikle kan
transfiizyonu durumlart dikkate alinarak incelendi. Anastomoz
kagagina etki edebilecegi diisiiniilen tiim degiskenler kaydedil-
di. Istatistiksel analizler ki kare ve student t testleri ile yapildh.
Anastomoz kagagina etki edebilecek degiskenlerin birbirleri tiz-
erine olan etkisinin ayarlanabilmesi i¢cin multivaryant regresy-
on analizi yapildi. Ameliyat sonrasi kontrastlh iist gastivintesti-
nal seriler 20 kacak saptadilar (%4.7). Multivaiyant analiz
sadece ameliyat, donemindeki kan iransfiizyonunun, diger
degiskenlerden bagimsiz bi¢imde anastomoz kagagr riskini an-
lam él¢iide arttirdigim belirledi (p<0.05). Sonug olarak, anas-
tomoz kagaklarmin yol acgabilecegi klinik problemler iyi
tirtinlerini  kullamrken — daha

bilindiginden,  cerrahlarin  kan

temkinli olmalart  onerilebilir.

Anahtar Kelimeler: Kannakilleri, Anastomoziyilesmesi,
Anastomoz kagagi, Komplikasyonlar
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rates (2) and increased rate of postoperative septic
complications (3). Although the precise mechanism
of transfusion related immunosuppression is yet to
be defined (4), there is evidence that blood transfu-
sions impair the cell mediated immune reactions
that depend on primarily two cell types namely
macrophage and T lymphocyte (5-7). Since both
macrophages and T lymphocytes have an important
role in wound healing (8-11), it is quiet reasonable

T Klin J Med Res [997. 15



THE EFFECT OF BLOOD TRANSFUSIONS ON THE RATE OF ANASTOMOTIC LEAKAGE

to expect a detrimental of blood transfusions on
wound and anastomotic healing. Recently Tadros et
al showed that; blood transfusion impairs the heal-
ing of experimental intestinal anastomosis (12).
Their effort, although providing evidence regarding
possible association between blood transfusions
and anastomotic leakage, certainly deserves further
assessment in clinical series. In this report we ret-
rospectively analyzed the risk factors that may be
responsible from the gastrointestinal anastomotic
leakage after 419 gastric resections performed for
carcinoma with special reference to the transfusion
effect. To date no previous study has particularly
addressed to this issue.

Patients and Methods

The files ofall patients who had undergone rel-
ative or absolute curative resection for gastric car-
cinoma between 1980 and 1990 were retrospective-
ly analyzed. Inclusion criteria for "relative" and
"absolute" curative resections were established ac-
cording to the Japanese Rules for Gastric Cancer
Study (13). A1l operations were performed by the
same surgical team consisting of'the consultant sur-
geon and the staff surgeons using standard tech-
niques and no surgical resident or trainee was pri-
marily involved in any of the operations. The fol-
lowing data were obtained from the records of each
patient: Age, gender, blood type, hematocrit-total
protein-albumin levels on admission, presence of
obesity-diabetes, duration of operation, surgical
technique (total-subtotal-proximal-extended gas-
trectomy), types of dissection performed according
to the Japanese Rules for Gastric Cancer Study (13)
(D0-DI-D2-D3-Dx), concomitant operations per-
formed (cholecystectomy, appendectomy, colon re-
section, splenectomy, hepatic resection), tumor di-
ameter and grade (poor, moderate, well differenti-
ated), microscopical stage, early or advanced gas-
tric carcinoma status, aim ofthe operation (relative
or absolute curative), blood loss during the opera-
tion, presence/absence of blood transfusion and to-
tal unit of blood component transfused and early
postoperative complications.

Follow-up time was defined as the period be-
tween the operation and the discharge from the hos-
pital, the day before a subsequent operation or in-
hospital death. Collection of information regarding
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the blood transfusion status was limited with the
first ten days after the operations in patients with-
out leakage. In patients with leakage, transfusion
status before the diagnosis of leakage was recorded
and any form of blood component therapy after the
diagnosis of leakage was omitted for the purpose of
the study. During the follow-up, all patients were
undergone upper gastrointestinal series with con-
trast medium 9 to 13 days after surgery as a part of
our routine clinical practice.

Anastomotic leakage was defined as extragas-
trointestinal visualization ofthe contrast material in
close vicinity to the anastomotic area and/or clini-
cally apparent anastomotic failure which is defined
as intraabdominal sepsis followed by X-ray confir-
mation of the leak and/or drainage of gastrointesti-
nal fluid from the drains.

Statistical analysis was done by chi-square test
with Yates correction and student t test as appropri-
ate utilizing the software program SPSS (Statistical
Package for Social Services, SPSS for windows,
Release 5.0.1., SPSS Inc.). Furthermore we carried
out simultaneous adjustment of the effects of all
variables available on leakage using multivariate
stepwise logistic regression analysis. P values
smaller than 0.05 is accepted as statistically signif-
1cant.

Results

Among all operations (n:651) performed for
gastric carcinoma during the study period, 419
were curative or relative curative gastric resections,
and these 419 patients were the subject of this
study. Palliative operations were excluded for stan-
dardization. Leakage occurred in 20 patients (4.7
percent) and this complication was diagnosed by
routine postoperative X-ray examination of the up-
per gastrointestinal tract in 11 patients and was
clinically apparent in 9 within four to den days
postoperatively. Mean hospital stay in leakage
group (66.5+23 days) was significantly longer than
that in non-leakage group (37.5+15 days)
(p<0.001). Mortality was also higher in leakage
group (19:1) in comparison to the rest of the series
(396:3) (p=0.056). Patient characteristics and the
different factors studied in probable relation to
leakage is presented in Table 1. Univariate analysis
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Table 1. Comparison of patients with or without

leakage

Leakage No Yes p values
Number 399 20

Age 59.8(12) 59(12) NS
Gender (Male:Female) 277:12 17:3 NS
Hematocrit % 39.8(20.6) 41.2(53) NS
Albumin (g/dL) 3.95(0.5) 3.9(0.3) NS
Total proteins (g/dL) 6.71(0.68) 6.6(0.68) NS

Obesity (no:yes) 390:9 19:1 NS

Diabetes mellitus (no:yes) 350:49 17:3 NS
Duration of operation

(minutes) 225(64) 242(61) NS
Stage of tumor

(LILIIV) 243:62:64:30  13:3:3:1 NS
Early gastric cancer:

Advanced gastric cancer  210:189 12:8 NS
Grade

(well: moderate: poor) 122:61:216 7:4:9 NS
Diameter of tumor (cm)  4:49(3.2) 4.15(3) NS
Blood type (A:B:0:AB) 192:69:87:51 10:3:3:4 NS
Surgical technique* 285:87:3:24 13:7:0:0 NS

Absolute vs. relative
curative resection 358:41 18:2 NS
Nodal dissection

(DO:DI:D2:D3) 7:59:197:138  1:3:10:6 NS
Concomitant surgical

procedure (yes:no) 81:318 4:16 NS
Postoperative

complications (yes:no) 52:347 4:16 NS
Blood loss (mL) 555(260) 585(220) NS

Blood transfusion (yes:no) 216:183 16:4 0.02
Blood transfusion

(0-2:3-7:>8 units) 215:60:124 4:6:10 0.01

Surgical techniques: Distal subtotal gastrectomy (1); Total
gastrectomy (2); proximal subtotal gastrectomy (3); extended
gastrectomy (4).

of this data revealed that only blood transfusion
have a significant role in the occurrence of leakage.
Patients who received blood component therapy
had significantly higher risk of leakage in compar-

THE EFFECT OF BLOOD TRANSFUSIONS ON THE RATE OF ANASTOMOTIC LEAKAGE

ison to patients without any form of blood transfu-
sion (p<0.05). Regarding the amount of blood com-
ponent therapy, there was association between the
units of blood components and rate of leakage
(p=0.01). According to the multiple logistic regres-
sion analysis ofall the parameters listed in Table 1,
the presence of transfusion was found to be the on-
ly independent risk factor which is associated with
significantly higher rate of leakage (p<0.05) (Table
2). In other words: when the effect of each variable
on leakage was corrected according to a possible
intervariablc influence, none of the variables except
the presence of blood transfusion was found to be
significantly associated with higher rates of leak-
age.

Discussion

It is well known that anastomotic failure after
gastrointestinal anastomosis is associated with high
morbidity and mortality. The presented scries doc-
umented a leakage rate of4.7 per cent after curative
gastric carcinoma operations. It is noteworthy that,
we were also able to document even the subclinical
leakages as postoperative upper gastrointestinal se-
ries is a part of routine clinical practice in our
Department. Our univariate analysis of numerous
factors (Table 1) which may have a probable role in
the occurrence of leakage pointed out blood trans-
fusion as a significant factor that led to anastomot-
ic disruption. More importantly, this significance
was maintained when all parameters were re-inves-
tigated by multivarite regression analysis. In the
light of this finding we may speculate that "other"
mechanisms, rather than "indication for transfu-
sion" accounts for this association. In other words,
conditions which led to increased rate of blood
transfusion in the present series were not associat-
ed with higher leakage rates.

Table 2. Multivariate logistic regression analysis of parameters in Table 1*

Standard error

Variable B (Beta) of coefficient Wald p values R** Regression coefficient
Transfusion

(yes:no) 4081 0.5810 5.8729 0.0154 0.1557 4.0882
Constant -3.5843 0.5131 48.7994 0.0000

*Only the significant parameter is listed

** A measure of the partial correlation between the dependent variable and independent variable
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We are aware that validity of our findings is
based on the assumption that surgeons maintained
consistent standards of technical excellence and
that a large series of cases is internally controlled
when all operations are performed by a few experi-
enced surgeons. Considering the fact that all opera-
tions in the present series were performed by a con-
sultant surgeon (KO) or under his supervision by a
senior staff surgeon and all operations were rela-
tively standard "curative" resections, variables
which correlate statistically with high rates of leak-
age may be related in some way to impaired anas-
tomotic healing.

During the last decades, after the beneficial ef-
fect of blood transfusion induced immunosuppres-
sion on allograft survival became apparent (1),
many reports including our own experience (14)
pointed out detrimental effects of blood transfu-
sions such as: increased tumor recurrence rates
(2,14-16) and increased infectious complications
(3,17,18). Recently, Tadros et al showed impair-
ment of intestinal anastomotic healing by allogenic
transfusions in a rat model (12,19). According to
their study, impairment of healing at the anasto-
motic site was a direct effect rather than an infec-
tion induced effect. Although the causative mecha-
nisms remains unclear, transfusions were thought
to interfere with the cellular phase of inflammatory
reactions which have a key role in wound healing
(5-7). Waymack et al reported clear association be-
tween allogenic transfusions and decreased
macrophage immigration and function (5).
Furthermore another cell type that appears to have
a role in wound healing is the T lymphocyte (8-11)
and it is also known that blood transfusions dimin-
ish lymphocyte blastogenesis and increase suppres-
sor cell activity (20-21). Facts such as; in vivo de-
pletion of T cells impairs wound healing (9) and de-
pletion of suppressor subtypes even may enhance
healing (10), may explain the adverse effect of
blood transfusions on wound healing. Furthermore,
the production of IL-2, a compound which has been
shown to enhance wound healing in rats (22,23), is
decreased by blood transfusions (23-25) and re-
cently Tadros et al showed that exogenous 1L-2 re-
verses the negative effects of blood transfusions on
anastomotic repair (26). Therefore; blood transfu-
sions, by adversely affecting the both macrophage
and T cell populations may interfere with the heal-
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ing of gastrointestinal anostomoses. As previously
shown experimentally (12,19,26), this may also
lead to clinical consequences as demonstrated in
this present series. We also have to admit that the
validity of our findings can be further criticised be-
cause of the retrospective nature of this study, in
line with relatively low number of leakage cases
which coupled with high number of parameters per
patient studied making the statistical comparisons
rather complicated. However, as the effect ofblood
transfusion on any clinical consequence can not be
studied in a prospective randomized fashion, we
think that results presented herein deserves atten-
tion although we failed to document a very high
statistical significance.

To date three previous studies reported associ-
ation between blood transfusion and higher rate of
anastomotic leakage (27-29). Two of these investi-
gations were carried out concerning colonic anasto-
moses (27,28) and differing from our study, none of
these studies were concentrated on transfusion ef-
fect and more importantly, their results were not
controlled by multivariate logistic regression analy-
sis to confirm blood transfusion as an independent
risk factor. More recently, Galub et al reported a
heterogenous series of 813 intestinal anastomoses
in which they identified several risk factors includ-
ing perioperative blood transfusion as an indepen-
dent risk factor for anastomotic leakage using mul-
tivariate analysis (29). It is noteworthy that, differ-
ing from our series their study population included
colonic, small bowel and different anastomotic lo-
cations. The assessment of transfusion effect on
anastomotic leakage in clinical practice is inten-
tionally carried out in gastric operations in the pre-
sent series since the well known natural habitants
ofthe colonic lumen may give rise to higher rate of
infectious complications, 'Seriously interfering the
leakage rates.

In conclusion; the present study revealed a sig-
nificantly increased rate of leakage in patients who
are transfused in comparison to patients who did
not receive any form of blood component after cu-
rative gastric carcinoma surgery. Although the sta-
tistical significance is not very high (p<0.05), as the
consequences of leakage are well known after an
otherwise successful major operation, surgeons
may be advised to be more cautious when using
blood products.

131



YERDEL ve Ark.

THE EFFECT OF BLOOD TRANSFUSIONS ON THE RATE OF ANASTOMOTIC LEAKAGE

REFERENCES

—_

. Salvatierra O Jr. The role of blood transfusions in transplan-
tation. In: Cerili GJ, ed. Organ transplantation and replace-
ment. Philadelphia: JB Lippincott, 1988: 151-61.

2. Wobbes T, Joosen KHG, Kuypcrs JHC, Beerthuizen GI,
Theeuwes G M. The effects of packed cells and whole blood
transfusions on survival after curative resection for colorec-
tal carcinoma. Dis Colon Rectum 1989; 62:734-8.

3. Tartter PI. Blood transfusions and postoperative infections.
Transfusion 1989; 29:456-9.

4. Tartter PI. Immunologic effects of blood transfusion.
Immunol Invest 1995; 24:277-8.

5. Waymack JP, Rapien J, Garnett D, Tweddell JS, Alexander
JW. Effect of transfusion on immune function in a trauma-
tized animal model. Arch Surg 1986; 121:50-5.

6. Tartter PI, Heimann T M, Aufses AH Jr. Blood transfusion,
skin test reactivity and lymphocytes in inflamatory bowel
disease. Am J Surg 1986; 151:358-61.

7. Schot JDL, Schuurman RK B. Blood transfusion suppreses
cutaneous cell mediated immunity. Clin Exp Immunol
1986; 65:336-44.

8. Fishcl RS, Barbul A, Beschorner WE, Wasserkurg HL,
Efron G. Lymphocyte participation in wound healing: mor-
phologic assessment using monoclonal antibodies. Ann
Surg 1987; 206:25-9.

9. Peterson JM, Barbul A, Breslin RJ, Wasserkrug HL, Efron
G. Significance of T lymphocytes in wound healing.
Surgery 1987; 102:300-5.

10. Barbul A, Breslin RJ, Woodyard JP, Wasserkrug HL., Efron
G. The effect ofin vivo T helper and T suppressor lympho-
cyte depletion on wound healing. Ann Surg 1989; 209:479-
83.

11.Barbul A. Immune regulation of Wound Healing. In: Faist
E, Green DR, Ninnemann J, eds. Immune consequences of
trauma, shock and sepsis. Berlin: Springer-Verlag, 1989:
339-49.

12. Tadros T, Wobbes T, Hendriks T. Blood transfusion impairs
the healing of experimental intestinal anastomoses. Ann
Surg 1992: 215:276-81.

13. Japanese Research Society for Gastric Cancer. The general
rules for the gastric cancer study in surgery and pathology.
Jpn J Surg 1981; 11:127-39.

14. Kaneda M, Horimi T, Ninomiya M, Nagac S, Mukai K,
Takeda I, Shimoyama H, Chohno S, Okabayashi T, Kagawa
S. Adverse affect of blood transfusions on survival of pa-
tients with gastric cancer. Transfusion 1987; 27:375-7.

15. Blumberg N, Heal J, Chuang C, Murphy P, Agarwal.
Further evidence supporting a cause and effect relationship
between blood transfusion and earlier cancer recurrence.
Ann Surg 1988; 207:410-5.

16. Bcynon J, Davies PW, Biol M, Billings PJ, Channer JL,
Protheroc D, Umpleby HC, Mortensen NJ, Williamson RJ.
Perioperative blood transfusion increases the risk of recur-
rence in colorectal cancer. Dis Col Rect 1989; 32:975-9.

132

17. Waymack JP, Robb E, Alexander JW. Effect of transfusions
on immune function in a traumatized animal model: II.
Effect on mortality rate following septic challenge. Arch
Surg 1987; 122:953-9.

18. Wobbes T, Bemelmans BL H, Kuypers JHC, Beerthuizen
GI, Theeuwes A G. Risk of postoperative septic complica-
tion after abdominal treatment in relation to perioperative
blood transfusion. Surg Gynecol Obstet 1990; 171:59-62.

19. Tadros T, Wobbes T, Hendriks T. Effect of blood transfu-
sions on healing of intestinal anastomoses. Surg Res Comm
1992; 12:19-24.

20. Kaplan J, Sarnaik S, Gitlin J, Lusher J. Diminished
helper/suppressor lymphocyte ratios and natural killer ac-
tivity in recipients of repeated blood transfusions. Blood
1984; 64:308-10.

21. Waymack JP, Balakrishnan K, McNeal N, Gonce S, Miskell
P, Warden GD, Alexander JW. Effect of blood transfusions
on macrophage-lymphocyte interaction in an animal model.
Arch Surg 1988; 123:235-40.

22. Barbul A, Knud-Hansen J, Wasserkrug HL, Efron G.
Interleukin 2 enhances wound healing in rats. J Surg Res
1986: 40:315-9.

23. DeCunzo LP, Mackenzie JW, Marafino BJ, Devereux DF.
The effect of interleukin 2 administration on wound healing
in Adriamycin-treated rats. J Surg Res 1990; 49:419-27.

24.Stephan RN, Kisala JM, Dean RE, Geha AS, Chaudry H.
Effect of blood transfusions on antigen presentation func-
tion and on interleukin 2 generation. Arch Surg 1988;
123:235-40.

25. Wood M L, Gottschalk R, Monaco AP. Effect ofblood trans-
fusion on IL-2 production. Transplantation 1988; 45:930-5.

26.Tadros T, Wobbes T, Hendriks T. Opposite effects of inter-
leukin-2 on normal and transfusion suppressed healing of
experimental intestinal anastomoses. Ann Surg 1993;
218:800-6.

27.Schrock TR, Deveney CW, Dunphy JE. Factors contribut-
ing to leakage of colonic anastomosis. Ann Surg 1973;
177:513-8.

28.Stewart RM , Fabian TJ, Croce M A, Pritchard FE, Minard
G, Kudsk KA. Is resection with primary anastomosis fol-
lowing destructive colon wounds always safe. Am J Surg
1994; 168:316-9.

29. Galub R, Galub RW, Cantu R Jr, Stein HP. A multivariate

analysis of factors contributing to leakage of intestinal anas-
tomoses. J Am Coll Surg 1997; 184:364-72.

30. Keown PA, Descamps B. Suppression of the mixed lym-
phocyte reaction by autologous red cells and their con-
stituents. C R Acad Sei 1978; 749:287.

31. Rapaport FT, Dausset J. Facilitation of skin allograft sur-
vival by blood leukocyte extracts. Ann Surg 1984; 199:79-
86.

32. Blumberg N, Heal JM, Murphy P, Agarwal MM, Chuang C.
Association between Uansfusion of whole blood and recur-
rence of cancer. Br Med J 1986; 1986; 293:530-3.

T Klin J Med Res ;[997. 15



