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The Effect of Blood Lactate Level on Prognosis in Patients with
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Patients who have had a nephrectomy usually have a history of renal dysfunction or are at risk for kidney failure due to tissue loss 
during surgery. In this study, our aim was to evaluate the factors affecting acute renal function in nephrectomy surgeries under 
general anesthesia. Demographic data of patients, case type, surgery type, duration of anesthesia, intraoperative lactate level, and 
postoperative complications of patients who underwent nephrectomy in our clinic were reviewed. Renal function was compared 
with urea, creatinine and estimated glomerular filtration rate (eGFR) levels in the preoperative (2 days before surgery) and posto-
perative period (day 2). The mean age of the patient was 58.2 ± 13.02 years, duration of anesthesia 166.24 ± 53.01/min, pre-ope-
rative eGFR 84.71 (67.69-90.0) mL/min/1.73 m2, and postoperative eGFR 65.09 (47.91-87.44) mL/min/1.73 m2 were respectively. 
When the pre- and postoperative renal functions of the patients were compared, the statistically significant results were those of 
urea (p: 0.01), creatinine (p:0.01), and GFR (p:0.01). The factors affecting GFR decrease were age (p:0.01) and case type (p:0.01). 
Increase in lactate levels in the postoperative period compared to the preoperative levels was statistically significant (p: 0.01). The 
increase in lactate levels was associated with complications (p: 0.001), case type (p:0.01) and surgery type (p: 0.01). Conclusions: 
The incidence of acute renal failure is increasing in nephrectomy surgeries, especially in radical ones. Age and case type are also 
the most important parameters to be consider.
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Nefrektomi operasyonu geçiren hastalar genellikle öncesinde renal disfonksiyona sahip veya cerrahi sırasında meydana gelen 
doku kaybı nedeniyle renal yetmezlik açısından risk grubunda yer almaktadır. Bu çalışmada nefrektomi operasyonlarında genel 
anestezisi altında böbrek fonksiyonlarını etkileyen faktörleri değerlendirmeyi amaçladık. Kliniğimizde nefrektomi operasyonu 
geçiren hastaların demografik verileri, vaka türü (basit, parsiyel, radikal), laparotomi/laparoskopik, intraoperatif laktat düzeyi, 
anestezi süresi ve postoperatif komplikasyonlar kayıtları incelendi. Böbrek fonksiyonları preoperatif ve postoperatif dönemde (2. 
günde) üre, kreatinin ve tahmini glomeruler filtrasyon hızı (GFR) sonuçları ile karşılaştırıldı. Hastaların ortalama yaş 58.2 ± 13.02 
iken, anestezi süresi 166.24 ± 53.01/dk, preoperatif eGFR 84.71 (67.69-90.0), postoperatif eGFR 65.09 (47.91-87.44) idi. Hasta-
lar preoperatif ve postoperatif böbrek fonksiyon testleri kıyaslandığında; istatiksel olarak üre (p:0.01), kreatinin (p:0.01) ve GFR 
(p:0.01). GFR düşüşünü etkileyen faktörler, yaş (p:0.01) ve vaka türü. (p:0.01). Preoperatif döneme göre postoperatif dönemde 
laktat düzeylerindeki artış istatistiksel olarak anlamlıydı (p: 0.01). Laktat düzeyindeki artış komplikasyonlar (p: 0.001), vaka türü 
(p:0.01) ve cerrahi türü (p: 0.01) ile ilişkiliydi. Nefrektomi operasyonlarında özellikle radikal olanlarda kronik böbrek yetmezliği 
görülme sıklığı artmaktadır. Yaş ve vaka tipi de dikkate alınması gereken önemli parametrelerdir.
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1. Introduction 

Nowadays, simple, partial, and radical 
nephrectomy surgeries are performed due to 
cancer, kidney injuries, and other diseases (1). 
Nephrectomy surgery results in parenchymal 
tissue loss, which contributes to acute or long-
term renal function loss (2). Patients who have 
undergone nephrectomy constitute a risk 
group in terms of deterioration in renal 
function; hence, anesthesia technique and 
drugs used during the surgery are important 
(1,3). Generally, general anesthesia is 
preferred in nephrectomy considering surgical 
position and duration. In general anesthesia, 
inhalation anesthetics are used according to 
with the preference and experience of the 
anesthesiologist. Different inhalation 
anesthetics have effects on circulation, 
hemodynamics, and renal perfusion (4,5). 

Decreased renal function has been 
emphasized as a cause of mortality in many 
studies. Glomerular filtration rate (GFR) is 
proportional to nephron reserve and is used to 
evaluate renal function in healthy individuals 
(6). In the literature, a GFR of <60 
mL/min/1.73 m2 has been associated with 
increased mortality, especially cardiovascular 
pathology. In society, the incidence of chronic 
kidney disease (CKD) has been increased due 
to diabetes, secondary to obesity, 
hypertension, and perivascular diseases. 
Existing comorbidities also negatively affect 
eGFR results in nephrectomy surgeries 
performed in long-term localized kidney 
tumors (7). 

The aim of this study was to retrospectively 
evaluate the factors affecting renal function in 
a risk group with respect to renal dysfunction 
such as patients who underwent nephrectomy 
under general anesthesia. 

2. Materials and Methods 

After obtaining the approval of the ethics 
committee, numbered 2020-30, patients who 
underwent nephrectomy (simple, radical, 
partial) between January 2017 and February 
2020 were included in the study.  Patients 
who used volatile anesthetics other than 
sevoflurane were excluded from the study.   
Nephrectomy surgeries in our clinic are 
performed with laparotomy or laparoscopy. 

Age, sex, physical status classification of 
American Society of Anesthesiologists 
(ASA), history of pre-operative renal disease, 
case type (simple, partial, radical), surgery 
type (laparotomy/laparoscopy), duration of 
anesthesia, intraoperative lactate level and 
postoperative complications were examined. 
Renal functions of the patients were compared 
in the preoperative (2 day before surgery) and 
postoperative period (day 2) in terms of urea, 
creatinine, and eGFR results. With regard to 
anesthesia management, general anesthesia 
was applied to all patients by connecting them 
to a mechanical ventilation device after 
tracheal intubation. The anesthesia protocol 
was as follows: for induction, intravenous 
anesthetic (thiopental, propofol), muscle 
relaxant (rocuronium), and analgesic 
(remifentanil, fentanyl), and for maintenance, 
volatile anesthetic (sevoflurane) and 
remifentanil infusion (0.1–0.3 mcg/kg), 
air/oxygen combination were administered. 
The anesthesia was maintained at 2–4 L/min, 
although flow was not standard. Patients’ 
fluid resuscitation and hemodynamic 
monitoring were routinely performed. 
Paracetamol (1g) and tramadol (1mg/kg) were 
administered as postoperative analgesia. In 
our clinic, Dräger Perseus® A500 closed 
circuit system anesthesia devices, where the 
carbon dioxide absorbent is soda lime, are 
used. 

Statistical analysis 

All data were recorded in the SPSS (statistical 
package for social sciences) for Windows 22 
program on the computer and analyzed. In the 
analysis of the data, firstly, the assumptions 
that must be met in order to decide which tests 
(parametric / nonparametric tests) to apply are 
tested. In order to decide the normality of the 
distribution, Kolmogorov-Smirnov test, 
kurtosis and skewness values, which are other 
assumptions of normal distribution, and 
histogram plot were used. Summary values of 
quantitative (numerical) variables are shown 
as   mean±S.D, median and inter-quartile 
difference, while summary values for 
qualitative (categorical) variables are shown 
as frequency and percentage. Man Whitney-U 
test and Kruskal Wallis-H test were used for 



368

Osmangazi Tıp Dergisi,  2023  

Osmangazi Tıp Dergisi,  2023 

 
 

comparing two independent groups, and 
Wilcoxon test was used to compare two 
related groups. The relationship between the 
variables was analyzed using the Spearman 
correlation coefficient. The significance level 
of 0.05 was used as the criterion in 
interpreting the significance of the obtained 
values. 

3. Results 

In this study, we evaluated 185 patients who 
underwent nephrectomy. The mean age of the 
patients and duration of anesthesia were 
58.2 ± 13.02 years and 166.24 ± 53.01 min, 
respectively. Of the patients sex and the 
American Society of Anesthesiologists 
physical status classification system in table 1. 
In the pre-operative evaluation, 11 of the 
patients had renal disease (3 patients were 
dependent on hemodialysis treatment) (Table 
1). 

The type of nephrectomy and a surgical 
method performed in table 1. When the pre- 
and postoperative renal function of the 
patients were compared, the statistical 
significance of the results was as follows in 
table 2. 

The relationship between the decrease in the 
post- and pre-operative urine levels and sex, 

age, case type, and ASA; the relationship 
between the increase in creatinine and age, 
case type;  the relationship between the 
decrease in eGFR and age, case type were 
evaluated as statistically significant. Details in 
the table 3-4. 

Increase in lactate levels in the postoperative 
period 1.3 mmol/L (1-1.8) compared to the 
pre-operative levels 0.9 mmol/L (0.7-1.3)  
was statistically significant (p: 0.01). The 
increase in lactate levels was not statistically 
significant in relation to age, sex and ASA; 
however, it was associated with complications 
(p: 0.001), case type (p:0.01) and surgery type 
(p: 0.01). 

The peri-operative complications are 
intraoperative bleeding (n:13), angina (n:1), 
nausea and vomiting (n:1), respiratory distress 
(n:5), signs of infection (lung infection, fever, 
urinary tract infection, wound infection) (n:8), 
postoperative hemodialysis (n:2). Cardiac 
arrest secondary to intraoperative hemorrhage 
developed in two patients in the postoperative 
days. The most common complication was 
intraoperative hemorrhage. It was observed in 
radical nephrectomies (n:8), partial 
nephrectomy (n:4) and simple nephrectomy 
(n:1) according to the extent of surgery. 

 

Table 1. Demographic data and case information 

Parameters All (n: 185) 
Age (year) 58.2 ± 13.02 
Sex 

Male 
Female 

 
107 (57.8%) 
78 (42.2%) 

American Society of Anesthesiologists (ASA) physical status classification 
ASA I 
ASA II 
ASA III  

 
 
n: 40 (21.6%) 
n: 109 (58.9%) 
n: 36 (19.5%) 

Pre-operative renal disease 
(n:3 hemodialysis treatment dependent) 

n: 11 (5.9%) 

Case type 
Simple 
Partial 

            Radical 

 
n: 33 (17.8%) 
n: 80 (43.2%) 
n: 72 (38.9%) 

Surgery type 
Laparotomy 

             Laparoscopy 

 
n:159 (85.9%) 
n: 26 (14.1%) 

Duration of anesthesia (min) 166.24 ± 53.01 
Data are expressed as n (%) or mean ± STD.  ASA: American Society of Anesthesiologists. 
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Table 2. Evaluation of pre-operative and postoperative renal function  
 

  Pre-operative  
median (Q1-Q3) 

        Postoperative  
median (Q1-Q3) p 

Urea (mg/dL) 15.0 (12.00-19.00) 13.00 (10.00-18.00) 0.01* 

Creatinine 
(mg/dL) 0.89 (0.74-1.09) 1.07 (0.88-1.48) 0.01* 

GFR (ml/dk)      84.71 (67.69-90.00)        65.09 (47.91-87.44) 0.01* 
Lactate 
(mmol/L) 0.9 (0.7-1.3) 1.3 (1-1.8) 0.01* 

 

Table 3. Relationship of age with postoperative and preoperative change in GFR 
 
  Age 

  r p 
Urea (mg/dL) 0.24 0.01* 
Creatinine (mg/dL) 0.30 0.01* 
GFR (ml/dk) -0.30 0.01* 
Lactate (mmol/L) -.004 0.96 
* p < 0.05 was considered statistically significant. 
GFR: Glomerular filtration rate 
 
 
Table 4.  Effect of case type on postoperative and preoperative change in GFR 
 

  Radical   
Median (Q1-Q3) 

Partial   
Median (Q1-Q3) 

Simple   
Median (Q1-Q3) p 

Urea mg/dL) (-0.35) ( -2.60-3.23) (-1.45) (-4.00-2.08) (-4.2) (-7.7 -2.85) 0.01* 
Creatinine 
mg/dL) 0.42 (0.17-0.57) 0.14 (0.03- 0.37) 0.1 (-0.1-0.06) 0.01* 

GFR (ml/dk) (-23.29) (-30.99-8.26) (-8.76) (-24.22- 0.0) (0.01) (-2.2-4.6) 0.01* 
Lactate 
(mmol/L) 0.20(0.0-0.4) 0.4(0.2-0.6) 0.05(0-0.3) 0.01* 

* p < 0.05 was considered statistically significant. 
GFR: Glomerular filtration rate 
 

4. Discussion 

In patients who have undergone kidney 
surgery, usually with renal dysfunction prior 
to surgery or tissue loss during surgery, loss 
of renal function with acute and chronic 
processes may develop. Sevoflurane is 
frequently preferred due to its fragrant, less 
irritant, and bronchodilator effect advantages 
compared to other agents (4). Volatile agents 
used in anesthesia are reduced to toxic 
byproducts by carbon dioxide absorbents (8). 
It has been reported, especially in dose-
dependent animal studies, that sevoflurane 
induces nephrotoxicity through compound A 
(9,10). Although there is no clinical evidence 
of nephrotoxicity with volatile anesthetics 
currently used in general anesthesia, it is 
important for the protection of renal function 
in the postoperative period in patients 

undergoing nephrectomy. In this study, we 
retrospectively examined the cases of 
nephrectomy in our clinic in the last 3 years. 
A total of 185 patients who received 
sevoflurane as a volatile anesthetic were 
included in the study. When renal function 
tests were evaluated pre-operatively (2 day 
before surgery) and on the second 
postoperative day, a significant change was 
observed in urine levels, creatinine and eGFR 
levels. 

 Acute kidney injury (AKI) is a common 
complication in cardiac surgeries. Although 
animal studies have shown that volatile 
anesthetics have a protective effect, the 
clinical effect is not clear. It has been 
associated with volatile anesthetics providing 
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better hemodynamic stability compared to 
other techniques and with a decrease in the 
requirement of inotropic agents (11). In some 
studies, eGFR has been preferred as a 
biomarker for evaluating renal functions. 
Although serum creatinine level is a simpler 
and cheaper parameter in practical use, it is 
affected by individual conditions (age, muscle 
mass, medication, etc.) (12). At the same time, 
differences were found in AKI, which 
develops due to ischemia-reperfusion injury in 
many organs including kidney. It was 
observed that the female sex, especially those 
under the age of 52, was protected in AKI 
(13). In our study, the increase in creatinine 
observed perioperatively was smaller in 
women, but it was not statistically significant 
with gender (p:0.079). There was a significant 
decrease in eGFR, but it was not observed to 
be related to sex. Ultimately, although less 
specific than renal biomarkers, eGFR was 
relevant for clinical research as it is more 
practical. 

Partial nephrectomy is the gold standard 
method in small kidney tumors. Partial 
nephrectomy causes less renal dysfunction 
than radical nephrectomy, but is at risk due to 
parenchymal loss and damage during surgery. 
During abdominal surgery, renal blood flow 
also decreases due to surgery and anesthesia. 
To reduce parenchymal bleeding and improve 
visibility in the surgical field, clamping is 
performed in the renal vessels. The resulting 
ischemia reperfusion is considered a risk 
factor for acute renal damage (2,14). In our 
study, partial nephrectomy was performed in 
43.2 % of the patients. In partial 
nephrectomies, there was a significant 
decrease in the pre-operative 83.49 ± 15.10 
and postoperative eGFR 70.82 ± 22.83 
(p:0.01). 

Radical nephrectomy surgery is commonly 
used in renal cell carcinoma. Due to pre-
existing renal parenchymal changes, a 
decrease in renal function is inevitable and 
poses a risk for newly-developing CKD 
(15,16). A new-onset CKD has adverse 
outcomes, including an increased risk of 
cardiovascular disease and death. Brandina et 
al. (15) emphasized the effectiveness of the 
Charlson comorbidity index, baseline GFR, 

and global glomerulosclerosis rate. It was 
observed that there was a 26.5% decrease in 
GFR during a mean follow-up of 49 months in 
patients who underwent radical nephrectomy. 
For new-onset CKD, eGFR was assumed as 
<60. Among 35 patients in the long-term 
follow-up, 53.8% developed new-onset 
kidney disease (15). In our study, the pre-
operative eGFR was 73.8 ± 21.24 in radical 
nephrectomies, while the postoperative eGFR 
was 53.4 ± 20.84, corresponding to a 27.6% 
decline. Our data included a 48-hour 
postoperative acute period, and our rates were 
similar compared to the study. 

Radical nephrectomy is technically easier than 
partial nephrectomy and associated with fewer 
complications. Compared to partial 
nephrectomy, it also eliminates oncological 
concerns in terms of resection margins. 
However, in radical nephrectomies, there is a 
higher risk of developing renal failure than 
partial nephrectomies. It has been shown that 
age, pre-operative creatinine, and pre-
operative eGFR were affecting factors (17). In 
our study, in patients with partial 
nephrectomy, the pre-and postoperative eGFR 
were 83.49 ± 15.10 and 70.82 ± 22.83, 
respectively, % 15.2 decrease was observed. 
The risk of acute renal failure is increased in 
radical nephrectomies compared to partial 
ones. 

Recently, renal disease has often been 
reported to be associated with hypertension 
and diabetes mellitus in the society (18). In 
other words, it should be kept in mind that 
surgery is not the only factor in patients 
undergoing nephrectomy and may affect renal 
functions in comorbidities. In our study, it 
was observed that in the ASA scoring 
independent of surgery where comorbidities 
of the patients were evaluated, the changes in 
levels of urea was statistically significant. It 
was observed that the factor of increased age 
affected urea, creatinine, and GFR levels. 

Duymaz et al. compared renal functions in 
patients who were given low-flow sevoflurane 
and desflurane anesthesia in urological 
surgeries, and it was observed that there was 
no difference between the groups. In 
evaluation of renal functions, cystatin C, 
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which is more sensitive than creatinine, 
creatinine, and creatinine clearance were used 
to show early and mild changes. As a result, it 
was shown that sevoflurane is safe in terms of 
renal function in low-flow anesthesia (19). 
Urological surgeries involve pathological 
diseases of the urinary system; however, in 
our study, we preferred to evaluate 
nephrectomies, a more specific factor that 
results in tissue loss, in terms of renal 
function. Although low-flow anesthesia was 
not used, the change in creatinine and eGFR 
was significant in the pre- and postoperative 
periods, and we wanted to emphasize that the 
only factor would not be the use of volatile 
anesthetic. 

In the study conducted by Ebert et al. wherein 
genitourinary system surgeries and patients 
with renal insufficiency were excluded, it was 
revealed that the changes in renal functions 
did not depend on the anesthetic agent used. It 
has been suggested that the antibiotic agent 
used, duration of surgery, width of the site of 
surgery, diffuse stress, existing renal 
dysfunction, and pre-operative blood pressure 
changes may affect renal function (20). 
Considering the results of our study, when the 
volatile agent was kept constant, it was seen 
that case type and age affected eGFR and  
creatinine values.  Intraoperative bleeding 
accompanied by haemodynamic changes 

constitute the majority of perioperative 
complications. The significant increase in 
postoperative lactate levels compared to 
preoperative levels supports its relation with 
complications, case type and surgery type.  

The limitations of the study were the 
retrospective nature of data collection, single-
center nature of the study, and uneven 
distribution among the patient groups. Renal 
function was not analyzed by specific tests; it 
was evaluated by routine laboratory tests. 
Although pre- and postoperative renal 
function parameters and demographic data 
were evaluated, short-term records were 
reviewed in terms of renal function. 
Parameters that may affect other renal 
functions including intraoperative bleeding, 
urine output amount, hypertension, heart 
failure, and comorbidities such as benign 
prostatic hyperplasia were not evaluated. 

5. Conclusion 

Patients undergoing nephrectomy have an 
increased risk of chronic kidney disease due 
to pre-existing renal problems and existing 
comorbidities. We evaluated renal function 
using eGFR in the acute postoperative period. 
We concluded that advanced age and case 
type are effective in decreasing eGFR, 
especially in radical nephrectomy.   
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