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THE RESPONSE TO SURGICAL STRESS: A ROAD FOR GETTING A STUDY
ACCEPTED IN THE LANCET

Tetsuji Funta
Department of Surgery, The Jikei University School of Medicine

The responses to surgical insult include acute—phase protein responses and fever, which are induced by
proinflmmatory cytokines, such as tumor necrosis factors and interleukins. The cytokine cascade is triggered
by activated proteins of the complement system, exotoxins, and endotoxins. Endotoxins are
lipopolysaccharides that form the outer part of the cell walls of Gram—negative bacteria. In the 1980s, the
deleterious effects of endotoxins were reappraised, and many of the untoward responses in seriously ill
patients were thought to be related to the chain of events started by the egress of endotoxins. However,
endotoxins are found virtually everywhere, including in sterile distilled water and on sterile surgical gloves.
Modest endotoxemia occurs in elective abdominal surgery, which is associated with increased intestinal
permeability leading to low—grade translocation of endotoxins. We have proposed a hypothesis, which was
accepted by the Lancet, that modest endotoxemia during surgery is a physiological response. The gut is a
main reservoir of endotoxins, because 1 g of feces contains 1.0 to 10 mg of endotoxin, and small amounts of
endotoxin regularly enter the portal circulation from the gut. We describe the protective effect of glutamine,
which has been assumed to be a specific nutrient for the gut, and the beneficial effects of lipoproteins against
endotoxemia. Finally, we show the critical factors for improving the outcomes of surgery based on
multivariate analysis of our data and discussions with experienced surgeons and physicians, which have been
published in core clinical journals.

(Tokyo Jikeikai Medical Journal 2012;127:1-16)
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ig. 1 Serum alpha—2-macriglobulin levels before and 1 year
after gastrectomy for gastric cancer

Serum alpha—-2-globulin levels at 1 year after
gastrectomy were significantly increased compared to
preoperative levels.

Values are expressed as mean.
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Fig. 2 Serum alpha—2-macriglobulin levels in depressed and
non-depressed patients who underwent gastrectomy for
gastric cancer
Serum alpha—-2-macroglobulin levels in the depressed
patients were significantly higher than those in the non—
depressed patients at 1 year after gastrectomy.

Values are expressed as mean.
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Fig. 3 Modest endotoxemia during major abdominal surgery
Blood endotoxin levels during major abdominal surgery
were about 3 times as high as preoperative levels, but
there was no difference between preoperative values and
those in the 1, 3, and 7 days after surgery.

Each actual value, mean, and SD are shown.
POD=postoperative day

i}

25 —Y &M, RELL THizsr5 ERpiHEE
HTha. al-7>F NI T ONRETBE
fifi AR R S AT U ISR 2 29 2 SIX R <Al
5N TS, [FARFCHIELEZZ REFI 2 Ea
-7 >F M) T2 2 EDORICITIEDFBENED
5Nk, IT72bE, MEOL REF2 2NN
H—&iz>T, BHEREMEATHD al-7 >
F R T D ZERL TWDHHEEND D,
FAHMZEIZ N T 2 BB AR EDEZ BN
5. ZOF A (Fig. 4) 123# X720/ Lancet
ML T, FAfEEORZHEINE.

WEOLY R ¥, MIEREDOIIEMEY A
N IREROERICEFNITERATH20H L
Nxng, —EOREZBEANUIVWDY Y1 K
A DA N—=LDRREIZRD, HEMBEZEL
Llges A ENEBND, BELEY REH
(VLDL), {KItLE Y RE (LDL), mltEY RE
B (HDL) iZWwindb T K hF >zt f#
#H95. TORMFI 2O REANDREA AL
EBBICU VEEEEDON TV S, HDL %
%9 % Apolipoprotein-A N DHE S BRI NTH
0, HDLIZVLDL, LDLEODHT> REF 20D
FRIBEDNE W E TN TS (Fig. 5). HILHNd
HILEARIFMEE 2R E LU BERIFE TS,
iy Al HDL 23 (Al 0 HR 3% TU Al ol U 72 P9 IR of
A2 —04F 26 ENAERICE S, HDL DFl

Endotoxin levels (pg/mL)
10,000

Clinical significance

Predictor of death

1,000

Gut ischemia

Response to stress

Unknown

Cardiac
surgery,
Sepsis

Hepatic
failure,
Sepsis

Healthy ‘Abdominal
volunteers,/ operations,
Sepsis

Fig. 4 Clinical significance of endotoxemia
Modest endotoxemia of 100 pg/mL or less may be a
physiological response to stress, although severe
endotoxemia is a predictor of death.
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Fig. 5 Adhesion site of endotoxin in lipoproteins
High density lipoprotein (HDL) possesses more endotoxin
adhesion sites than low density lipoprotein (LDL).
Apo=Apolipoprotein, PL=Phospholipids
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Fig. 6 Survival curve of endotoxemic rats with or without
apolipoprotein—Al pretreatment
Pretreatment with apolipoprotein-Al prolonged the
survival of rats after endotoxin challenge.



6 i

12, HLEEAEI T RS TR 2o /2. i
FHEEOTH T, V2 /NEi#hiED X O L
D=t E KSR ZEFET 20 ENH D, Z
DFFIRIT LIGREEEIR (SMV) ITHRAT 5. F
firic A E RMEEIRZ N L TSMVIChZ 2 L —
T a U T2MEDY I BEEEZHEIEL .
FEFZ, BIRS1 > ninh Y I/ B 2 H5E
U7z, AT SRS AR O FAIic B W Tl & LB
RIIC FIBRIEARIR (MV) NICh =2 b —2a >
LY 2 JBREZHELZ. TOE, JIVF 3
CIBEIISMY, IMV EBFRIME D HEEITK
Mo 720y, RAEEIIRIL & OIEE DR E1ESMV IZ
PBNWTEKOEEL> T/ (Table 1). SMV IZA45
WEPXO2/NGOEIRMZED S0, SMV
IZBTFBTINE I VEEORKTI/NBIIRITE Y
W I OFRBEHBERBL TWEEEZ SN
5., JIVF I EEMIZ, SMVTIEY MLV >,
Jayr, Yo, UL, TILFZ O
FEMNRMIMIZ R THEIC EA L TW/z (Table
D. ELIZT MLV VRERZARMMOKIFET
EMoTWER, IMVTRZIVLY 2 DANMCE
BlrEEEERDRMN o7, BE ERMEN TS
WEZIDNINSDT I/ BRITEMR I % e
BRD7=201Z, SMV ERMIMD T IV 2 2 RE
EERMMESMVD Y MLVY VESHEEOY
JBRREAE S ORERIG T ET o/, 2 RILVY
> ET) T UITIEDOHBBRNED SN, J

i}

Wy I ET ML R OAHBIRENIIEEL S T
7= (Fig. 7). IS OfERNSHERIE NS /NG E
AN TOY 2 BAC# % Life Science i 1T %
el 2N/ (Fig 8. Z OFI1%20094F
@ American Journal of Clinical Nutrition %> 2010 4
@ American Journal of Physiology Endocrinology
Metabolism 7% E D FLERHY A > /X7 b D E MRS IC
SIRHEN TV S, BEMSFWMEIN NIV >
DT DONTIE, BICHRDAEN T IIFZ T
BMINMESINDEEVNDIFHNETTHS. Tk
IV A 1930 FICAF TH A I NEY 2 VBT,
EHEARIIIFIH S N0, 548, > MLV >R
INGONAFR—=T1—E L THEHINTWSIN,
FRICEELZGEICBT 27 I VB E ]l EA
WEMRTHAS. £z, ¥ ML EHEEE
HAZEFRDRED, T TUARNEIZHT MY M
BENDIENEL ok, BRAIZ, ML
AL ML EEN, ALBVWHADEIZX
AN RBRDYEITEIC NS> Tnwb, FRk15
F11A 12 HQERHHICS RV VBT 51
HWELHENH > TWD., Y 7 DA INIY
BIZH AT 284 A1 IO R @ 1,000 fi5
IETHZREOY MV OREENTNS, 20O
AA TS RV RIS 2 ET, EES
RENDISANREIN TV S LEEFITHEATY
2.

Table 1. Amino acid concentrations during abdominal surgery

Gastrectomy (n=11)

Sigmoidectomy (n=10)

Artery IMV

Artery SMV
Glutamine 41335 £ 97.23
Citrulline 18.79 £ 6.61
Proline 123.68 = 21.87
Alanine 25820 + 85.16
Glycine 184.61 = 46.13
Arginine 63.64 £ 21.44

279.44 £ 56.88

55.65 £ 23.78

140.83 £ 27.68

327.00 £ 11432

211.85 = 50.80

75.97 £ 26.80

471.07 £ 67.02 42791 £ 73.33

18.80 + 6.34 21.79 £ 6.98

127.87 £ 27.25 132.01 £ 32.16

290.55 £ 103.30 309.07 + 10.64
208.28 = 89.41 235.54 = 130.64

5224 £ 14.68 5291 £ 11.43

Underlined values are significantly different from those in the peripheral arterial blood.

Valued are expressed as mean + SD (micromole/L).

SMV=Superior mesenteric vein, IMV=Inferior mesenteric vein
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Fig. 7 Correlation between glutamine uptake and citrulline
release in the human intestine
Arterial-venous differences of glutamine were inversely
correlated with those of citrulline. Peripheral arterial
blood and portal vein blood were simultaneously obtained
during gastrectomy for measurement of amino acid
concentrations.
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Fig. 8. Amino acid metabolism in the human intestine
The present study suggests conversion of glutamine to
citrulline in the human intestinal epithelial cells.
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to~End Anastomosis Td 0, /NHERCTD A% Y
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L, ZOWEEDHIITIEEENZ N 723,
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1EZ DEAL TDOKRE > D& DSA TIrhHN T
WA, MIEFDRDES IRTIUIFREWEG 2 W)
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LR DB e TALM &N 5 4-5 em Bl BB T
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5. KDL Dl TREGEFMRRiTIIEBR S
THN TV B GEPEH T 725 Bowel Preparation
VIE B I B2 ET L, ZOHED LRI
ETHD. FAENRNBEETIIRETTHD I &1
RARDETHRW, FilvE, HWIREARBNICTR
2 ZEEFMI AT 2EL <E©HS. Bowel
Preparation D2 JEIC DN TIT N < D H D RCT AT
b, 1792 &IE> T U AMBRBRYIE DT
ENY ZTPET LN R MEIN TN S,
TR =7 ZHLCHIN TIERBEF R EE D A
Fiiif 25 HIEEITH A %, WH W 5 Fast-track
Surgery/NJAE > TH Y, ARMMOEMED D

i}

12 Bowel Preparation [ [ D A [AIZ [A] 42 > T
5. LU, MBS EIEIZNA T AW mn-
THB D, FELITBowel Preparation Z FE I TX 2 £
TOIET >R, HHEEEBEOFMRTldd
& TEDLGEMNLZND, HEWIIEMLIZHNE
WY, PHZEIEIR D78 WIE G R O Fil TIINE
EYYED ) X 7 BIICHE TH 2 L Bbih s,
BB N T O E G %E O F TS 149 72 Surgical
Margin & 158 W /= DI/ FT R B R O & S 3 E
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FERIT PR L 720, FETHTRY, £IT, K
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2) K EAE

5 R E OB <, 408 T10%, 5075%
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U D < DI EWHE D DTS VHCKTL D BFE T H
5. BUHEE 2 <EIT 5 &, EMREN KRG

Table 2. Levels of Evidence for Laparoscopic Surgery for Malignant Neoplasm

Level of evidence ~ Type of trial Grade of recommendation Targeted organ

I Large randomized trials A Colon

11 Small randomized trials B Rectum, Stomach

1 Nonrandomized  concurrent trials C Esophagus, Liver,
Pancreas

v Nonrandomized historical studies None Gastric GIST,
Appendix

A% No controls, opinion of experts None Gallbladder.

GIST=Gastrointestinal stromal tumor
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Risk of operative morbidity

Bowel preparation
Preoperative hydration
Intraoperative infusion
Intraoperative fluid loss

Tissue edema
Pulmonary complications
Increased cardiac demands

Tissue hypoperfusion
Renal insufficiency
Hypercoagulability

Hypovolemia Normovolemia Hypervolemia

Fig. 9 Relationship between fluid balance and risk of operative
morbidity
Perioperative hypovolemia is associated with increased
risks of tissue hypoperfusion leading to renal damage,
whereas hypervolemia is a risk factor pulmonary
complications.

i
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p =0:-1177 (log-rank test)

Cumulative catheter survival rate

0 25 50

75 100 125 150 175 200 225
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Fig. 10 Survival curve of the peripheral intravenous catheter
Closed circle indicates the survival curve from the
insertion of peripheral intravenous catheters, whereas
open circle shows the survival curve from 72 hours after
insertion.
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