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Clinical Research Article

Background: Cytoreductive surgery was developed as a treatment for peritoneal carcino-
matosis. However, this surgery is associated with important complications. The present 
study aimed to assess the relationship between lactacidemia and the rate of associated 
complications during the immediate postoperative period in the intensive care unit (ICU) 
in patients undergoing cytoreductive surgery. 
Methods: This was a retrospective observational study. A total of 57 patients underwent 
cytoreductive surgery. All patients were admitted to the ICU immediately after the surgery. 
Data on lactic acid levels at the time of admission and discharge from the ICU were col-
lected. Postsurgical complications that occurred during the ICU stay were recorded ac-
cording to failure-to-rescue analysis and their severity stratified according to the Cla-
vien-Dindo classification. 
Results: The lactic acid levels at admission to the ICU were significantly higher in patients 
who developed complications, with an almost tripled unadjusted relative risk (2.9, 95% CI: 
1.6, 5.3), than in those who did not develop complications for the lactacidemia threshold 
established in the cumulative sum curve graphs. After adjustment for confounding effects, 
the relative risk became even higher (3.1, 95% CI: 1.8, 3.6). Lactic acid levels were still sig-
nificantly higher in this group at the time of discharge from the ICU. 
Conclusions: Serum lactate level is a risk factor for postoperative complications in patients 
undergoing cytoreductive surgery for peritoneal carcinomatosis. This study suggests that 
the risk of developing severe complications almost triples with a lactic acid level of 2.5 
mmol/L or higher at the time of admission in the ICU. 

Keywords: Cytoreduction surgical procedures; Intensive care units; Lactic acid; Mortality; 
Peritoneal neoplasms; Postoperative complications.

Introduction 

Cytoreductive surgery (CRS), associated or not with hyperthermic intraperitoneal che-
motherapy (HIPEC), was developed in the last decade as a therapeutic option for selected 
patients with peritoneal carcinomatosis. Historically, peritoneal carcinomatosis has been 
considered an advanced and incurable disease [1,2]. The objective of CRS is to attempt to 
eradicate the microscopic disease and reduce peritoneal recurrence, following the pre-
cepts initially described by Sugarbaker [3]. This strategy has been reported to significant-
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ly improve the survival of patients with this condition [4]. Howev-
er, in performing complex procedures, the associated morbidity 
and mortality must be taken into account [5]. CRS associated or 
not with HIPEC requires close monitoring throughout the entire 
perioperative period for optimal management. 

Elevated levels of lactic acid (lactacidemia) has been shown to 
be correlated with tissue hypoxia and to predict increased periop-
erative morbidity and mortality [6,7]. According to Spiliotis et al. 
the average of 3 and 4 postoperative day lactate level is an inde-
pendent predictor of morbidity and mortality in patients under-
going CRS and HIPEC. Our study shows a definite threshold in 
lactacidemia levels for an increased risk of complications. 

Hence, the objective of this study was to evaluate the relation-
ship between lactacidemia and the rate of associated complica-
tions during the immediate postoperative period in the intensive 
care unit (ICU) at the University General Hospital of Castellón 
between 2014 and 2016 in patients undergoing CRS. 

Materials and Methods 

All cases during a 2-year period (2014–2016) were included, 
which corresponded to the initial series of patients diagnosed 
with peritoneal carcinomatosis who underwent CRS in the Multi-
disciplinary Unit of Abdominal Pelvic Oncology Surgery of the 
University General Hospital of Castellón. All procedures were 
performed by the same surgical team. Information on the patients’ 
clinical and pathological characteristics, surgical procedures, and 
residual disease at surgery were prospectively collected and retro-
spectively analyzed for the purpose of this study. 

All patients were admitted during the immediate postoperative 
period in the ICU of our hospital. The study was approved by the 
Institutional Review Board of the University General Hospital of 
Castellón on June 25, 2019 (approval number: HGCLAC01). The 
study is registered in the Clinical Trials Registry (Registration num-
ber: NCT04307654). The clinical research was done following the 

ethical principles for medical research involving human subjects in 
accordance with the Helsinki Declaration 2013. 

Data collection 

Data on lactic acid levels, measured using arterial blood sam-
ples, were collected at the time of admission and discharge from 
the ICU. Postsurgical complications that developed during the 
stay in the ICU were recorded according to failure-to-rescue anal-
ysis [8] (Table 1) and their severity stratified according to the Cla-
vien-Dindo classification [9]. When several complications oc-
curred in the same patient, the complication with the highest de-
gree was considered. 

Statistical analysis 

Quantitative variables are summarized as median and inter-
quartile range or mean ±  SD. Categorical variables are presented 
using relative frequencies and percentages. For inferential analy-
sis, the Mann-Whitney U test and Fisher’s exact test were used, as 
appropriate. Cumulative sum curves (CUSUMs) were used to ob-
tain the most discriminating cutoff point of lactic acid level in re-
lation to complications. These are the cumulative differences be-
tween an expected result, the general prevalence of complications, 
and the result observed in each case. Thus, these curves reveal the 
changes in the trend of the result of interest through different val-
ues of the prediction variable [10].  

An adjustment for confounding effects was performed with lo-
gistic regression using the multivariate propensity score method. 
Possible confounding factors were considered, including Charlson 
age score, presence of ascites, current tumor (primary or re-
lapsed), carcinomatosis index [11], number of visceral resections, 
blood loss, and norepinephrine dosage. 

Statistical analyses were performed with the statistical program 
STATA version 15.1 (Stata Corp., USA). 

Table 1. Complications Used in Traditional Failure-to-rescue Analysis

Cardiac Arrhythmias, Arrest, Infarction, Congestive heart failure
Respiratory Pneumonia, Pneumothorax, Bronchospasm, Respiratory compromise, Aspiration pneumonia
Circulatory Hypotension, Shock, Hypovolemia
Neurologic Stroke, Transient ischemic attack, Seizure, Psychosis, Coma
Vascular Deep vein thrombosis, Pulmonary embolus, Arterial clot, Phlebitis
General Internal organ damage, Return to surgery
Infection Deep wound infection, Sepsis, Gangrene, Amputation
Others Gastrointestinal bleeding, Blood loss, Peritonitis; Intestinal obstruction, Renal dysfunction, Hepatitis, Pancreatitis, Decubitus ul-

cers, Orthopedic complication, Compartment syndromes
From Silber et al. [8].
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Results 

During 2014 and 2016, a total of 57 patients underwent CRS. 
The demographics of the patients and the disease are shown in 
Table 2. Ovarian tumors (stages IIIC and IV International Federa-
tion of Gynecology and Obstetrics) were the most prevalent. Most 
of the patients scheduled for this surgery did not have significant 
comorbidity, and a carcinomatosis index of >  20 was observed in 
only 1 of every 5 cases. No major demographical differences were 
detected between patients who developed complications in the 
ICU and those who did not (Table 2). 

Table 3 summarizes the surgical treatment factors that could 
influence the incidence of postoperative complications, as well as 
the oncological results of surgery and postoperative morbidity 
and mortality. No significant differences were detected between 
the groups without and with complications with respect to the 
type of surgery. However, in patients without complications in the 
ICU, the degree of complications that appeared in the surgical 
ward was significantly lower than in those who developed com-
plications in the ICU. All 4 (7%) deaths in the series occurred 
during the stay in the ICU, which represents 14% of patients who 
developed complications in the ICU. 

The lactic acid levels at admission to the ICU were significantly 
higher in those who presented complications, with an unadjusted 
odds ratio of 10.1 (95% CI: 2.5, 44) and an almost tripled unad-
justed relative risk (2.9, 95% CI: 1.6, 5.3), than in those without 

complications for the threshold of lactacidemia established in the 
CUSUM graphs. After adjustment for confounding effects using 
multivariate propensity scores, the adjusted odds ratio became 16 
(95% CI: 2.4, 103) and the adjusted relative risk was 3.1 (95% CI: 
1.8, 3.6). Fig. 1 shows that, at the time of discharge from the ICU, 
the lactic acid levels were still significantly higher in the group of 
patients who presented complications. Fig. 2 shows the levels of 
lactic acid in the group of patients who did not develop complica-
tions. 

It was observed in the CUSUM graphs that a lactic acid level of 
2.5 mmol/L marks the threshold for an increased risk of compli-
cations. Fig. 3 shows the relationship between lactacidemia at ad-
mission in ICU and the development of complications. Fig. 4 
shows the relationship between lactacidemia at admission in the 
ICU and death. The inflexion in the curves from that point means 
that the observed complications and deaths exceeded the expect-
ed values; the expected-observed difference negatively accumulat-
ed with statistical significance (P <  0.001 for complications; P =  
0.02 for mortality) as lactic acid levels increased. The predomi-
nant grade of complications for levels up to 2.5 mmol/L was grade 
II (complications that do not require intervention), whereas it was 
grade III for higher levels, with grade IV complications and the 4 
deaths of the series also appearing in this cohort. These data are 
shown in Table 4. 

The patients’ features and operative variables according to lactic 
acid levels at admission in the ICU are shown in Table 5. The rela-

Table 2. Patient Demographics

Variable Total series  
(n =  57)

Complications in ICU
P value

No (n =  29) Yes (n =  28)
Age (yr) 61 (52, 67) 64 (58, 66) 60 (50, 67.5) 0.297*
Current tumor 0.610†

 Primary 41 (72) 20 (69) 21 (75)
 Relapsed 16 (28) 9 (31) 7 (25)
Carcinomatosis type 0.849†

 Colorectal 2 (4) 1 (3) 1 (4)
 Ovarian 47 (82) 24 (83) 23 (82)
 Endometrial 2 (4) 1 (3) 1 (4)
 Pseudomyxoma 1 (2) 1 (3) 0 (0)
 Primary 4 (7) 2 (7) 2 (7)
 Gastric 1 (2) 0 (0) 1 (4)
Neoadjuvant treatment 21 (37) 8 (28) 13 (46) 0.141†

Carcinomatosis index 0.469†

 1–10 26 (46) 11 (38) 15 (54)
 11–20 20 (35) 12 (41) 8 (29)
 +20 11 (19) 6 (21) 5 (18)
CA125 174 (51, 800) 174 (58, 1280) 177.5 (50, 500) 0.672*
Values are presented as median (interquartile range) or frequency (%). ICU: intensive care unit. *Mann-Whitney U test, †P value: Fisher’s exact test.
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Table 3. Procedure Characteristics

Variable Total series  
(n =  57)

Complications in ICU
P value

No (n =  29) Yes (n =  28)
Digestive anastomosis 39 (68) 20 (69) 19 (68) 0.928†

Lymphadenectomy 47 (82) 25 (86) 22 (79) 0.451†

HIPEC 19 (33) 10 (34) 9 (32) 0.849†

Duration (min) 480 (400, 600) 540 (410, 600) 458 (375, 585) 0.230*
Visceral resections 48 (84) 25 (86) 23 (82) 0.673†

Number of resections 4 (3, 6) 4 (3, 6) 4 (2.5, 5) 0.519*
Blood loss (ml) 0.451†

 0–1000 7 (12) 5 (17) 2 (7)
 1000–2000 20 (35) 8 (28) 12 (43)
 2000–3000 25 (44) 14 (48) 11 (39)
 +3000 5 (9) 2 (7) 3 (11)
Cytoreduction 0.172†

 CC-0 49 (86) 25 (86) 24 (86)
 CC-1 4 (7) 3 (10) 1 (4)
 CC-2 3 (5) 0 (0) 3 (11)
 CC-3 1 (2) 1 (3) 0 (0)
Lactic acid level at ICU admission (mmol/L) 2.3 (1.2, 3.2) 1.4 (1.1, 2.3) 2.7 (2.25, 5.1) <  0.001*
Lactic acid level at ICU discharge (mmol/L) 0.8 (0.6, 0.8) 0.6 (0.5, 0.8) 0.8 (0.7, 0.9) 0.020*
Noradrenaline (μg/kg/min) 0.3 (0.15, 0.6) 0.2 (0.1, 0.4) 0.3 (0.28, 0.8) 0.021*
Clavien-Dindo 0.002†

 No complication 11 (19) 10 (35) 1 (4)
 Grade I 2 (4) 0 (0) 2 (7)
 Grade II 19 (33) 11 (38) 8 (29)
 Grade III 19 (33) 8 (27) 11 (39)
 Grade IV 2 (4) 0 (0) 2 (7)
 Grade V (death) 4 (7) 0 (0) 4 (14)
Complications in ward 31 (54) 18 (62) 13 (46) 0.240†

Accumulated complications by patient (ICU + ward) 1 (0, 2) 1 (0, 2) 1 (0, 2) 0.599*
Death in ICU 4 (7) 4 (14) 0.035
Death in ward 0 (0) 0 (0) 0.99
Values are presented as median (interquartile range) or frequency (%). HIPEC: hyperthermic intraperitoneal chemotherapy, ICU: intensive care 
unit. *Mann-Whitney U test, †P value: Fisher’s exact test. 

tionship between norepinephrine dose and lactic acid level is 
highlighted as can be observed in Table 5. 

Discussion 

The analysis of our study data indicated that the level of lactate 
is an important predictor of postsurgical complications. 

Lactate is produced by most of the tissues in the human body, 
with muscle tissue being the main production site [12]. Under 
normal conditions, lactate is quickly cleared by the liver and kid-
neys. During glycolysis, under aerobic conditions, pyruvate is oxi-
dized via pyruvate dehydrogenase to acetyl-CoA that enters the 
Krebs cycle, obviating lactate production. In anaerobic conditions, 
pyruvate dehydrogenase is inhibited and pyruvate becomes lac-

tate. Under these circumstances, lactate is the final product of gly-
colysis and becomes a substrate for gluconeogenesis in the Cori 
cycle. Its production is increased under hypoperfusion or stress 
conditions, causing an increase in glycolysis [12–14]. Although 
lactate levels may be elevated in several conditions, it has been ef-
fectively used as a measure of tissue hypoxia [1,6,15]. However, 
this is not uniformly accepted, as the level may increase under 
other conditions [13,14,16,17]. 

The findings of this study suggested that the risk of developing 
severe complications almost triples with a lactic acid level of 2.5 
mmol/L or higher at the time of admission in the ICU, when the 
anesthetic phase has just ended. 

Several studies have evaluated the clinical use of lactate level in 
postoperative patients [7,18,19]. The effectiveness of lactate level 
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Fig. 1. Level of lactic acid in the group of patients who developed 
complications in the intensive care unit (ICU).

Fig. 2. Level of lactic acid in the group of patients who did not develop 
complications in the intensive care unit (ICU).

Fig. 3. Cumulative sum curve (CUSUM) for complications. The arrow 
points to the most discriminating cutoff point of lactic acid level with 
respect to the presence of complications from each value of lactic acid 
level. ICU: intensive care unit.

Fig. 4. Cumulative sum curve (CUSUM) for death. The arrow points 
to the most discriminating cutoff point of lactic acid level with respect 
to death from each value of lactic acid level. ICU: intensive care unit.

Table 4. Morbidity and Mortality in the ICU according to Lactic Acid Level

Variable Total series  
(n =  57)

Lactic acid
P value

<  2.5 mmol/L (n =  33) ≥  2.5 mmol/L (n =  24)
Death in ICU 4 (7) 0 (0) 4 (17) 0.015
Complications in ICU 28 (49) 9 (27) 19 (79) <  0.001
Clavien-Dindo <  0.001
 No complication 11 (19) 8 (24) 3 (13)
 Grade I 2 (4) 0 (0) 2 (8)
 Grade II 19 (33) 17 (52) 2 (8)
 Grade III 19 (33) 8 (24) 11 (46)
 Grade IV 2 (4) 0 (0) 2 (8)
 Grade V (death) 4 (7) 0 (0) 4 (17)

Values are presented as frequency (%). ICU: intensive care unit. P value: Fisher’s exact test.
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Table 5. Patients’ Features and Operative Variables according to Lactic Acid Level at Admission to the Intensive Care Unit

Variable Total  
(n =  57)

Lactic acid
P value

<  2.5 mmol/L (n =  33) ≥  2.5 mmol/L (n =  24)
Age (yr) 60.0 ±  9.9 61.1 ±  9.8 60.1 ±  10.2 0.680
Current tumor 0.051
 Primary 41 (72) 27 (82) 14 (58)
 Relapse 16 (28) 6 (18) 10 (42)
Charlson comorbidity index 2.0 ±  2.2 2.0 ±  2.3 2.0 ±  2.1 0.931
Neoadjuvant treatment 21 (37) 11 (33) 10 (42) 0.521
Total CPI 12.3 ±  8.7 13.1 ±  9.4 12.1 ±  7.8 0.610
CPI stratified 0.542
 1–10 26 (46) 14 (42) 12 (50)
 11–20 20 (35) 11 (33) 9 (38)
 +20 11 (19) 8 (24) 3 (12)
Optimal cytoreduction 53 (93) 30 (91) 23 (96) 0.470
Intervention duration (min) 496.0 ±  150.0 528.0 ±  137.0 452.0 ±  160.0 0.060
Visceral resection number 5.0 ±  3.1 5.3 ±  3.7 4.1 ±  2.2 0.531
Intraoperative blood loss (ml) 2157.4 ±  941.1 2172.2 ±  987.4 2138.3 ±  893.8 0.891
Norepinephrine dose (μg/kg/min) 0.5 ±  0.5 0.2 ±  0.2 0.8 ±  0.6 <  0.001
Values are presented as mean ± SD or frequency (%). CPI: carcinomatosis peritoneal index [11].

as a marker of morbidity and mortality in the postoperative peri-
od of patients undergoing CRS has also been demonstrated [6]. 
Our study confirms this relationship between lactic acid level and 
the development of complications. 

Our findings are compatible with those of other studies [19–
21]. In a prospective study that included 88 patients undergoing 
major abdominal surgery, it was observed that patients with ele-
vated lactate levels had a significantly higher complication rate 
than patients without incidents in the postoperative course and 
whose lactate levels were in the normal range [19]. Another study 
found an association between blood lactate levels and organ fail-
ure and death [20]. Likewise, other studies indicated that surgical 
patients who develop complications have a greater deficit of tissue 
oxygenation during the intervention [21]. 

Previous studies have employed lactate level as a measure of tis-
sue hypoperfusion, using its clearance as a resuscitation guide 
[13,14]. Those studies indicated that not only the increase in lac-
tate levels but also the time until normalization of the levels were 
associated with postoperative morbidity and mortality. The rela-
tionship between lactic acid elevation and postsurgical morbidity 
in CRS has also been shown by Spiliotis et al. [6] in a study on pa-
tients undergoing CRS and HIPEC. The authors did not find an 
association between intraoperative lactic aid levels and postopera-
tive morbidity and mortality. However, they highlighted the clini-
cal relevance of lactate measurement on postoperative days 3 and 
4, in that an increase of 1 mmol/L in the average lactate value on 
days 3 and 4 increases the risk of a minor complication by 1.9, the 

risk of a major complication by 10.9, and the risk of mortality by 
32.1%. In our study, the risk of developing complications almost 
tripled when lactate levels were >  2.5 mmol/L. 

One of the strengths of the present study lies on the homogene-
ity of the cohort of patients with abdominal carcinomatosis who 
were treated by the same specialized multidisciplinary team. Fur-
ther, it was possible to find a clear threshold of lactic acid level 
that discriminates the outcomes in terms of morbidity and mor-
tality. 

With respect to the limitations of this study, one was its obser-
vational design. The data were from a small series and from a sin-
gle center during the immediate postoperative period in the ICU, 
thus making generalization impossible, although they supported 
the findings of similar studies. Our data did not show statistical 
differences in lactate levels with respect to surgery duration, dis-
ease stage, or patients’ comorbidities, probably because of the 
small sample size. Further, it has been hypothesized that several 
incidents during anesthesia [22–24] result in lactate elevation. 
This analysis would be strengthened by incorporating earlier time 
points (including intraoperative time points) of lactic acid mea-
surement. In the future, analyzing these details of the anesthetic 
procedure constitutes an interesting research field. Similarly, data 
that relate the delay in the clearance of lactate to a greater number 
of complications were not available; measuring the rate at which 
lactic acid levels do (or do not) improve is another information 
that needs investigation. 

Serum lactate level is a predictive factor for postoperative com-

https://doi.org/10.4097/kja.2008950

Hervás et al. · Lactic acid and complications



plications in patients undergoing CRS for peritoneal carcinoma-
tosis. More studies with a larger number of patients and with 
more preoperative (liver function, renal function, drugs that in-
teract with liver function), intraoperative (complexity of surgery, 
peritoneal carcinomatosis index, tissue oxygen supply, central ox-
ygen saturation, anesthetic incidents), and postoperative (lactate 
clearance index) data should be performed to fully elucidate this 
phenomenon.  
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